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12 CANCER 1 

12.1 Epidemiology 2 

12.1.1 Methodological considerations 3 

The majority of epidemiological studies of mobile phone use and risk of cancer have used a case-4 

control design, which means that cases of the studied disease are identified over a certain time period in a given 5 

population, and controls, i.e. individuals free from the disease, are randomly selected from the same study 6 

population during the same time period. The purpose of the controls is to provide information about the 7 

exposure distribution in the population from which the cases came. The preferable control selection method is 8 

population based; i.e. a random selection from a population register that covers the population from which the 9 

cases were identified. When the study base is unavailable for random sampling, other methods for control 10 

selection is used, e.g. hospital controls, random digit dialling, friends or neighbourhood controls. Hospital 11 

controls are usually other patients randomly selected at the same hospital, with diseases assumed to be unrelated 12 

to the studied exposure. They often have higher participation rates than population controls, but it is impossible 13 

to know whether the patients with other disease have the same exposure distribution as the general population 14 

from which the cases were identified, as it is not a random sample of the population who become hospital 15 

patients. Random dialling of phone numbers until a suitable control agrees to participate (ñrandom digit 16 

diallingò) attempts to achieve a population based control sampling, but the actual number of eligible potential 17 

controls is unknown, and adequate participation rates cannot be calculated. Friend or neighbourhood controls 18 

are also associated with the problem of not knowing whether they are representative of the study base. Selection 19 

bias may also occur if not all eligible cases and controls can be included in the study, e.g. when individualsô 20 

active participation is required and not everyone agrees or can be reached, or if cases have died or are too ill to 21 

participate. Non-participation need not necessarily lead to selection bias, even if participation rates differ 22 

between cases and controls, but bias occurs if the likelihood of participation is related to both the exposure and 23 

to case-control status. Selection bias may also occur as the result of internal missing data, i.e. if cases and 24 

controls differ in the completeness of answers to questions in interviews or questionnaires. Few studies have 25 

evaluated potential selection bias caused by non-participation. A validation study (Vrijheid et al., 2009b) from 26 

the Interphone multicentre study found that regular mobile phone use was less prevalent among non-27 

participants, both among cases and controls, compared to participants (56% mobile phone users among non-28 

participating controls compared to 69% among participants, and 50% mobile phone users among non-29 

participating cases compared to 66% among participants). With an overall higher participation rate among cases 30 

than among controls, it was estimated that selection bias led to an underestimation of risk estimates by around 31 

10%.  32 

Exposure information in case-control studies is collected retrospectively, after identification of cases 33 

and controls, often by means of questionnaires or interviews, but sometimes through independent sources such 34 

as registers. All but one of the case-control studies of mobile phone use have collected retrospective self-35 

reported information, with the advantage that detailed information about the exposure can be collected. The 36 

disadvantage is, however, that it is vulnerable to recall bias. If cases believe that their disease was caused by 37 

mobile phone use they may overestimate their previous phone use, especially if they are asked to recall habits 38 

many years prior to their disease. Controls on the other hand, may be less thorough when reporting about past 39 

exposures, and have not given past mobile phone use much thought until being faced with these questions in an 40 

interview or questionnaire. For both cases and controls it is very difficult to remember mobile phone use habits 41 

many years earlier, and misclassification will inevitably occur. If this is entirely independent of the disease, i.e. 42 

non-differential, it will in general lead to a dilution of the risk estimates towards unity, but if the 43 

misclassification is systematic it may also lead to bias away from the null. A validation study within Interphone 44 

reported considerable random misclassification of mobile phone use when asking healthy volunteers to report 45 

their mobile phone use 6 months earlier (Vrijheid et al., 2006). The study also found systematic 46 

misclassification; light users tended to underestimate, and heavy users tended to overestimate their amount of 47 

phone use. Validation studies have also reported that recall of number of calls was slightly better than recall of 48 

duration of calls (Inyang et al., 2009; Vrijheid et al., 2006). If, on the other hand, cases tend to overestimate or 49 

controls underestimate exposure, this will lead to an overestimation of the risk estimates or even spurious 50 

associations. A validation study from the Interphone study compared self-reported information about duration of 51 

mobile phone use and number of calls to operator recorded information as far back as approximately 4 years 52 

prior to diagnosis (Vrijheid et al., 2009a). The study found little difference overall in recall between cases and 53 

controls, but observed that cases tended to overestimate their mobile phone use more the further back in time 54 

they were reporting about, which was not observed among controls, indicating the potential for overestimation 55 

of risk estimates.  56 
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Cohort studies generally determine exposure status at baseline, and subsequently follow the cohort 57 

members for occurrence of the studied disease (or diseases). Provided that mechanisms are in place for follow-58 

up of the cohort members, e.g. in health data registers, selection bias is usually not a problem, although 59 

comparability between exposed and unexposed must be ensured, e.g. through control of confounding. For 60 

cancer outcomes that are usually rare, the cohort needs to be very large, which often lead to collection of less 61 

detailed exposure information than in case-control studies. If exposure information is too crude it may hamper 62 

the ability to detect effects if limited to a small subgroup with specific exposure characteristics. Some of the 63 

cohort studies have only used register based exposure information, with few details about mobile phone use 64 

characteristics, while others have used self-reported information about mobile phone use which is subject to 65 

non-differential exposure misclassification as in the case-control studies. An important difference compared to 66 

case-control studies is that when exposure information is collected before the occurrence of the disease recall 67 

bias will not affect results.  68 

A cross-sectional design should never be used for cancer outcomes, but is common in studies of 69 

ñsoftò outcomes like various types of symptoms, headaches, sleep disturbances, behavioural problems, and 70 

similar outcomes. A cross-sectional design has major methodological limitations. It includes prevalent cases, 71 

and may therefore investigate survival or prognosis rather than disease occurrence. Most importantly, it cannot 72 

determine the time sequence of events; i.e. whether the exposure preceded the disease or the disease was already 73 

present when exposure begun. It is possible that the disease itself affects the exposure, e.g. a person who 74 

perceives him/herself as electrically hypersensitive may avoid situations with known exposures like mobile 75 

phone use, and may therefore appear as less exposed than the general population. Parents with a child who has 76 

health problems may find it convenient to provide the child with a mobile phone for easy contact, which would 77 

make the child appear as more exposed than other children. Non-participation in a cross-sectional study may 78 

lead to selection bias; the probability of participation may be related to both the studied outcome and the 79 

exposure. In addition, exposure information is always collected retrospectively, often by self-reports, and may 80 

be affected by the disease, i.e. recall bias. 81 

12.1.2 Mobile phone use 82 

At the time of the previous WHO review, only a handful of epidemiological studies were available, 83 

mostly focusing on occupational exposures and cancer mortality, and no study on mobile phone use. To date, 84 

over 30 studies of mobile phone use and brain tumour risk have been conducted, some of them reported in 85 

multiple publications, or with several follow-ups, or elaborations of exposure assessment and study designs. 86 

Most of them have used a case-control design and only few were cohort studies. In addition, a large number of 87 

studies present results for other tumour types. Only one study so far has addressed tumour risk in children. The 88 

literature search covering the period January 1, 1992 ï December 31, 2013 identified 617 potentially relevant 89 

papers and an additional five studies were identified through hand search. After exclusion of irrelevant studies, 90 

commentaries, review articles, and duplicate reports, 69 articles were fully reviewed. One study on survival was 91 

excluded (Hardell & Carlberg, 2013), and one study did not provide enough information for assessment of the 92 

inclusion criteria, and is briefly described, but not tabulated. The remaining articles are reviewed in full below.  93 

The available evidence is presented below in a subsection for brain tumours, which includes brain 94 

tumours overall, glioma, meningioma, acoustic neuroma, and brain tumours in children, and another section 95 

presents the studies of salivary gland tumours. The last section discusses the studies of other tumour types. For 96 

adult brain tumours, the studies are in addition divided into cohort studies and case-control studies, and within 97 

each of these sections studies are presented together when published by the same research group, in the same 98 

geographical area, or as part of a consortium. Otherwise the studies are presented according to publication year. 99 

12.1.2.1 Brain tumours 100 

Cohort studies 101 

Only three cohort studies have so far been conducted that are focused on RF exposure from mobile 102 

phone use, of which one is essentially uninformative because of small numbers and short follow-up. The two 103 

other cohort studies have published one or several updates with longer follow-up time than in the originally 104 

published study. In this section, all updates are presented as the early publications provide essential information 105 

for the evaluation of potential non-differential exposure misclassification in the analyses of longer follow-up 106 

periods, and for the evaluation of potential random variation. Details of the results are shown in Table 107 

12.1.2.1.1. 108 
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An early study from the US (Dreyer, Loughlin & Rothman, 1999) identified a cohort of mobile phone 109 

users (n=285 561) through two mobile phone operators and compared cause-specific mortality among hand-held 110 

mobile phone users with those who used non-handheld mobile phones, i.e. mobile phones where the antenna is 111 

not situated on the handset (e.g. car phones, bag-phones). Information about mortality was obtained from the 112 

National Death Index. The follow-up of the cohort was blocked by a lawsuit after only one year, and therefore 113 

mortality data were available only for 1994. In total, only 6 deaths from brain cancer were identified. [The short 114 

follow-up and small numbers makes the study largely uninformative.] 115 

A Danish cohort study identified all mobile phone subscriptions through the Danish mobile phone 116 

operators from the start of mobile phone services in 1982 until the end of 1995 (Johansen et al., 2001), in total 117 

723 421 subscriptions. The subscriptions were linked to persons through the Danish population registry. The 118 

cohort was restricted to private subscribers because corporate subscriptions (in total 200 507) could not be 119 

linked to an individual. Other reasons for exclusion were e.g. failure of the linkage to the population registry and 120 

duplicates. The final cohort included 420 095 mobile phone subscribers, and in the first publication from this 121 

cohort, subscribers were followed from first subscription until the end of 1996, emigration or death, whichever 122 

occurred first. The average follow-up was 3.1 years (range 0ï15 years), and 85% of the cohort were male, 58% 123 

were younger than 50 years at the time of the first subscription, and only 6% were 60 years or older. Information 124 

was available on year of the first subscription and type of system (analogue or digital), but no information on 125 

amount of phone use. Cancer incidence in the cohort was ascertained by linkage to the Danish Cancer Registry. 126 

Standardised incidence ratios (SIR) were calculated comparing cancer incidence in the mobile phone subscriber 127 

cohort with national rates allowing for age, sex and calendar period. In total, 154 cases of nervous system 128 

tumours were identified in the subscriber cohort during the study period, resulting in an overall SIR of 1.0 (95% 129 

CI 0.8ï1.1). Results did not differ between analogue and digital phone users, and did not change with duration 130 

since start of subscription; the SIR for Ó5 years since first subscription was 1.0 (95% CI 0.7ï1.6). For specific 131 

types of brain tumours analyses were only made for ever having had a subscription; for glioma SIR was 0.94 132 

(95% CI 0.72ï1.20), with no substantial differences between various locations (SIR for the temporal lobe was 133 

0.86; 95% CI 0.42ï1.54), for meningioma 0.86 (95% CI 0.49ï1.40), and for nerve sheath tumours (the majority 134 

of which is acoustic neuroma) 0.64 (95% CI 0.26ï1.32). [The results in this publication are only informative for 135 

short-term mobile phone use; 69% of the cohort started their subscription 1995 or 1996. This first analysis of the 136 

cohort is mainly of interest as it demonstrates that short-term mobile phone use did not lead to a higher 137 

incidence of brain tumours in the cohort than in the general Danish population, which means that updates of the 138 

cohort for analyses of longer-term use are unlikely to be affected by misclassification from new short-term 139 

mobile phone users in the Danish population during additional follow-up because the incidence rate in this 140 

group would be similar to that of the non-exposed population.] 141 

The Danish cohort study was updated by Schüz et al. (2006c) by extending the follow-up with an 142 

additional 7 years, through December 31, 2002. In the updated analyses, members of the subscriber cohort were 143 

excluded from the calculations of the national incidence rates used for estimation of SIR, to reduce potential 144 

non-differential exposure misclassification. As in the first follow-up, adjustment was made for age, sex and 145 

calendar period. In total, 580 tumours of the brain and nervous system were identified during the entire study 146 

period, including also the 154 cases identified in the first follow-up. The SIR for ever being a mobile phone 147 

subscriber was estimated at 0.96 (95% CI 0.87ï1.05) for men, and 1.03 (95% CI 0.82ï1.26) for women. Risk 148 

did not increase with increasing duration of subscription, there was even a reduced risk estimate for Ó10 years 149 

since first subscription (SIR=0.66; 95% 0.44ï0.95, based on 28 exposed cases). For specific tumour types 150 

related to ever having had a subscription, SIR for glioma was 1.01 (95% CI 0.89ï1.14), with small differences 151 

between specific locations (e.g. SIR for temporal lobe tumours was 1.21; 95% CI 0.91ï1.58 and for parietal lobe 152 

0.58; 95% CI 0.36ï0.89), for meningioma SIR was 0.86 (95% CI 0.67ï1.09), and for cranial nerve sheath 153 

tumours 0.73 (95% CI 0.50ï1.03). [The results do not provide evidence in support of the hypothesis that mobile 154 

phone use increases the risk of brain and nervous system tumours, or specific types of brain tumours, but only a 155 

small proportion of the cohort had used mobile phones at least 10 years, and the reduced risk in this category 156 

may be a result of chance. The results are more informative for intermediate-term use; 42% of the person-years 157 

of follow-up refer to at least 5 years since first subscription. The results for smoking related cancers (discussed 158 

below under ñOther cancersò) indicate that, at least among men, the subscriber cohort is likely to have a 159 

healthier lifestyle than the general Danish population, and the authors show that the early subscribers have 160 

higher socioeconomic status. Glioma is not, however, associated with lifestyle factors such as smoking or 161 

alcohol consumption, and if anything, the incidence is higher among persons with higher socioeconomic status.]  162 

A third follow-up of acoustic neuroma incidence in the subscriber cohort from 1998 until the end of 163 

2006 was focused on long-term use (Schüz et al., 2011). Information was also collected on marital status and 164 

various indicators of socioeconomic status through matching of cohort participants aged Ó30 years with another 165 
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existing nationwide cohort created in 1990. After linkage of the two cohorts 2 883 665 persons with 22 884 931 166 

person-years of follow-up were available for analyses. Incident cases of acoustic neuroma were identified from 167 

a clinical data base at the main acoustic neuroma treatment centre in Denmark and from the nationwide cancer 168 

registry. Information was also collected about the size of the tumour and tumour laterality. Analyses were made 169 

with log-linear Poisson regression models, adjusted for calendar period (1998ï2001, 2002ï2006), age, highest 170 

attained educational level, disposable income, and marital status. A dichotomous exposure categorisation was 171 

used, with the cut-point at Ó11 years, chosen to assure that no one in the unexposed group could have as long 172 

period of mobile phone subscription as the exposed group. In total, 404 acoustic neuroma cases in men and 402 173 

cases in women were identified during the study period. Long-term mobile phone use was uncommon among 174 

women, and no case of acoustic neuroma with long-term use was identified, to be compared to 1.6 expected. 175 

Among men, 15 cases were long-term users, resulting in an incidence rate ratio (IRR) of 0.87 (95% CI 0.52ï176 

1.46), with adjustment for all potential confounding variables, and essentially the same when adjustment was 177 

limited to age and period. The size and spread of the acoustic neuroma tumours did not differ between long-term 178 

mobile phone subscribers and others. From another cohort, the authors had collected information on preferences 179 

of side of mobile phone use in the Danish population; 53% preferred the right side, 35% the left, and 13% had 180 

no preference. In long-term mobile phone subscribers 47% of acoustic neuroma tumours were located on the 181 

right side, while the corresponding proportion among others was 48%. There was no evidence that the 182 

proportion of acoustic neuromas located on the right side had increased over time. 183 

A third follow-up was also made of central nervous system tumour incidence in the Danish cohort 184 

from 1990 until the end of 2007, using the same approach as for acoustic neuroma to collect information on 185 

indicators of socioeconomic status for confounding control (Frei et al., 2011). Analyses were also made of the 186 

incidence of all cancers combined and of smoking related cancers. In total, 358 403 persons contributed exposed 187 

person-years to the study. A one-year latency period was used in the calculations of person-years. Time since 188 

first subscription was categorized into 1ï4, 5ï9, Ó10 years. The upper category was further divided into 10ï12, 189 

and Ó13 years when numbers allowed. Analyses were made with log-linear Poisson regression models, adjusted 190 

for age, calendar period (1990ï1995, 1996ï2002, 2003ï2006), highest attained educational level, and 191 

disposable income. In total, 122 302 cancers among men, and 133 713 cancers among women had occurred 192 

during the follow-up period. Corresponding numbers for nervous system tumours were 5111 men, and 5618 193 

women. A slightly reduced overall cancer incidence among men in the subscriber cohort was observed, probably 194 

attributable to a lower incidence of smoking related cancers. For women, the corresponding relative risk 195 

estimates were close to unity. For central nervous system tumours, all relative risk estimates were close to unity 196 

for both men and women, regardless of time since first use. Also for specific types of brain tumours, relative 197 

risk estimates were close to unity, e.g. for glioma, being a mobile phone subscriber Ó10 years was associated 198 

with an IRR of 1.04 (95% CI 0.85ï1.26) in men and 1.04 (95% CI 0.56ï1.95) in women. For Ó13 years the IRR 199 

was 0.98 (95% CI 0.70ï1.36) in men.   200 

[Overall, the series of results from the Danish cohort study provide no support for the hypothesis that 201 

mobile phone use increases the risk of glioma, meningioma, or acoustic neuroma, either for short-, intermediate-202 

, or long-term use, the longest Ó13 years. The important strengths of the Danish cohort study are the prospective 203 

registration of mobile phone start year, independent of the disease, which prevents recall bias, and the 204 

completeness of follow-up through the population registry and high quality cancer registry, which prevent 205 

selection bias. Limitations are the inability to identify users of corporate subscriptions, and lack of information 206 

about amount of phone use. In the first analysis of the cohort, comparisons were made with national cancer 207 

incidence rates, and the cohort was included also in the comparison group. The effect on the risk estimates 208 

introduced by this non-differential exposure misclassification is, however, minor, as mobile phone use was still 209 

very uncommon in the Danish population at this time, and a potentially increased incidence among mobile 210 

phone users would not have any substantive effect on the national incidence rates. In the updates of the analyses 211 

the subscriber cohort was excluded from the calculation of national incidence rates. Inability to identify 212 

corporate subscribers mainly reduces the statistical power, but have little effect on the risk estimates as they 213 

constitute less than 5% of the Danish population aged Ó18 years in 1996 (www.dsk.dk). It is also unlikely that 214 

someone would have a subscription for someone else, without being a mobile phone user him/herself, as this 215 

was in the beginning of the era of mobile phone use when it was very expensive to make mobile phone calls. 216 

Thus, the effect of the non-differential exposure misclassification introduced from using subscriptions to 217 

identify mobile phone use is likely to be minimal. Control of confounding was made to the same extent as in 218 

most case-control studies, which make analyses of time since first subscription comparable to analyses of time 219 

since first use in the case-control studies. Without information about amount of mobile phone use, the study is 220 

unlikely to be able to detect an increased risk if it is restricted to a small subgroup of heavy mobile phone users.] 221 

http://www.dsk.dk/
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A prospective cohort study was conducted in the UK by Benson and co-workers, as part of the 222 

Million Women Study (Benson et al., 2013a). Between 1996 and 2001, 1.3 million women were recruited to the 223 

cohort through the national breast cancer screening programme. The cohort is contacted with questionnaires 224 

regularly, and in 1999ï2005, 65% of the originally recruited women answered baseline questions on mobile 225 

phone use: how often (never, less than once a day, every day) and how many years they had used a mobile 226 

phone. In 2009, new and more detailed questions on mobile phone use were asked, but these were only used in 227 

the current study for sensitivity analyses. Mobile phone use was reported by 34% of the women who answered 228 

the questionnaire in 1999 and 79% reporting in 2005. In 2005, 32% had used a mobile phone at least 5 years. In 229 

total, 791 710 women free of cancer at baseline were followed for cancer occurrence from the time they 230 

answered the 1999ï2005 questionnaire until the end of 2009, with an average follow-up time of 7 years. Cox 231 

regression models were used for analyses, and control of confounding was made from age, area based 232 

socioeconomic status, geographical region, height, BMI, smoking, alcohol, strenuous exercise, and menopausal 233 

hormone therapy.  Sensitivity analyses were performed to avoid bias from prodromal symptoms by excluding 234 

the first three years of follow-up in the analyses of nervous system tumours. In addition, a sensitivity analysis 235 

excluded women who answered the questionnaire 1999ï2000 to reduce potential exposure misclassification, as 236 

many of these women may have changed their mobile phone use during the follow-up period. In total, 51 680 237 

incident invasive cancers and 562 non-invasive intracranial central nervous system (CNS) tumours were 238 

identified, of which 1261 were intracranial CNS tumours, including 571 glioma, 251 meningioma, 110 pituitary 239 

tumours, and 96 acoustic neuromas. No risk increase was found for glioma; >10 years of mobile phone use was 240 

associated with a RR of 0.78 (95% CI 0.55ï1.10). The corresponding result for meningioma was 1.10 (95% CI 241 

0.66ï1.84). For pituitary tumours a raised risk was observed for ever having used a mobile phone (RR=1.52; 242 

95% CI 0.99ï2.33), but with no dose-response pattern with duration of use. For acoustic neuroma, the observed 243 

risk estimate increased with increasing mobile phone duration from >5 years of phone use, and for >10 years of 244 

use the RR was 2.46 (95% CI 1.07ï5.64). Risk estimates did not vary with amount of use for any of the tumour 245 

types; for glioma the RR for daily use was 0.8 (95% CI 0.56ï1.14), and for acoustic neuroma 1.37 (0.61ï3.07). 246 

The sensitivity analyses did not give materially different results. [The strength of this large cohort study is the 247 

prospective design with individual information on amount of mobile phone use, which prevents the major 248 

sources of bias identified in the case-control studies, i.e. recall bias and selection bias, and reduces non-249 

differential exposure misclassification, identified as a limitation in the Danish cohort study. Adjustment for a 250 

large number of potential confounding factors is another strength. Available information on amount of phone 251 

use did not allow identification of the heaviest users. Sensitivity analyses did not indicate dilution of risk 252 

estimates by changed habits of mobile phone use during follow-up. The statistical power was good for glioma 253 

and meningioma, but limited for acoustic neuroma, as shown by the wide confidence intervals. Finding an 254 

increased risk of acoustic neuroma already after 5 years of mobile phone use seems unlikely to reflect causality, 255 

given the slow growing nature of this tumour type (Thomsen & Tos, 1990). There is a possibility that mobile 256 

phone use leads to an earlier detection of an acoustic neuroma, by making the person aware of a unilateral 257 

hearing loss, which may be an alternative explanation for the observation of an increased risk after a short 258 

induction period. The study found a reduced risk for lung cancer (discussed below), which indicates that the 259 

mobile phone users have a healthier lifestyle. As discussed above, glioma incidence has not been shown to be 260 

related to smoking or other lifestyle factors despite considerable research efforts, and none of the known risk 261 

factors would explain a reduced glioma risk associated with mobile phone use.] 262 

An updated follow-up of the Million Women cohort to 2011 was later presented in a letter to the 263 

editor (Benson et al., 2013b), including 1727 intracranial CNS tumour, of which 875 were glioma, 397 264 

meningioma, and 126 acoustic neuroma. Analyses were conducted in the same way as in the first study 265 

discussed above. For glioma, the RR associated with Ó10 years of mobile phone use was 0.77 (95% CI 0.62ï266 

0.96), for meningioma 1.08 (95% CI 0.78ï1.49), and for acoustic neuroma 1.17 (95% 0.60ï2.27). [From this 267 

update it is clear that the statistical power for acoustic neuroma is limited, although somewhat better in the 268 

update, while results for glioma and meningioma seem to be quite stable.]   269 

  270 
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Table 12.1.1. Cohort studies of mobile phone use and brain tumours 

Country 

Time 
period 

Age range 

No. individuals 

Source 

 

Outcome Exposure  No. exp 
cases 

Relative risk/SIR  

(95% CI) 

Comments Reference 

Denmark 

1982-1995 

Ó18 

420 095 mobile 
phone subscribers   

Comparison group: 
national incidence 
rates 

 

Brain and 
nervous system 

Ever subscriber 

Ever subscriber, men 

Ever subscriber, women 

Time since first subscription 

<1 year 

1-4 years 

Ó5 years 

154 

135 

  19 

 

  43 

  87 

  24 

1.0 (0.8-1.1) 

0.95 (0.79-1.12) 

1.03 (0.62-1.61) 

 

0.8 (0.6-1.1) 

1.1 (0.9-1.3) 

1.0 (0.7-1.6) 

Standardized 
incidence ratios, by 
age and sex. 

All subscribers 
included in 
calculations of 
national incidence 
rates, but constitute a 
small proportion of the 
population. 

Johansen et 
al. (2001) 

Denmark 

1982-2002 

Ó18 

420 095 mobile 
phone subscribers   

The whole Danish 
population 

 

 

 

 

Brain and 
nervous system 

 

 

 

 

 

 

Glioma 

Meningioma 

Nerve sheet 
tumours, cranial 
nerves 
(acoustic 
neuroma) 

Ever subscriber, men 

Ever subscriber, women 

Time since first subscription 

<1 year 

1-4 years 

5-9 years 

Ó10 years 

 

Ever subscriber 

Ever subscriber 

Ever subscriber 

 

491 

  89 

 

  51 

266 

235 

  28 

 

257 

  68 

  32 

0.96 (0.87-1.05) 

1.03 (0.82-1.26) 

 

0.90 (0.67-1.18) 

1.03 (0.91-1.17) 

0.96 (0.84-1.09) 

0.66 (0.44-0.95) 

 

1.01 (0.89-1.14) 

0.86 (0.67-1.09) 

0.73 (0.50-1.03) 

Standardized 
incidence ratios, by 
age and sex. 

The subscriber cohort 
was not included in 
calculations of 
national incidence 
rates. 

~200 000 corporate 
subscribers included 
in comparison group, 
constitute less than 
5% of unexposed. 

Schüz et al. 
(2006c) 

Denmark 

1990-2007 

Ó30 

358 403 mobile 
phone subscribers  

All Danes born in 
Denmark in 1925 
or later and alive in 
1990, 3.21 million 
persons included 
in the CANULI 
cohort 

Brain and 
nervous system 

 

 

 

 

 

 

 

Ever subscriber, men 

Ever subscriber, women 

Time since first subscription 

Men 

1-4 years 

5-9 years 

Ó10 years 

  10-12 years 

   Ó13 years 

Time since first subscription 

Women 

1-4 years 

5-9 years 

Ó10 years 

  10-12 years 

   Ó13 years 

714 

132 

 

 

180 

258 

276 

187 

  89 

 

 

  34 

  58 

  40 

  34 

    6 

1.02 (0.94-1.10) 

1.02 (0.86-1.22) 

 

 

1.07 (0.92-1.24) 

0.95 (0.83-1.08) 

1.06 (0.94-1.20) 

1.08 (0.93-1.25) 

1.03 (0.83-1.27) 

 

 

0.97 (0.69-1.36) 

1.05 (0.81-1.37) 

1.03 (0.75-1.40) 

1.05 (0.75-1.47) 

0.91 (0.41-2.04) 

Log linear Poisson 
regression models, 
adjusted for age, 
calendar period,  
highest attained 
education,  
disposable income. 

Exposed were 
subscribers between 
1987-1995. Non-
subscribers 
comparison group. 
Corporate subscribers 
could not be 
identified, constitute a 
small proportion of the 
unexposed 
population. 

Frei et al. 
(2011) 
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  Glioma Men 

Ever subscriber 

Time since first subscription 

1-4 years 

5-9 years 

Ó10 years 

  10-12 years 

   Ó13 years 

Women 

Ever subscriber 

Time since first subscription 

1-4 years 

5-9 years 

Ó10 years 

 

324 

   

  85 

122 

117 

  80 

  37 

   

  32 

 

    8 

  14 

  10 

 

1.08 (0.96-1.22) 

 

1.20 (0.96-1.50) 

1.05 (0.87-1.26) 

1.04 (0.85-1.26) 

1.06 (0.85-1.34) 

0.98 (0.70-1.36) 

 

0.98 (0.69-1.40) 

 

0.87 (0.43-1.75) 

1.02 (0.60-1.72) 

1.04 (0.56-1.95) 

  

  Meningioma Men 

Ever subscriber 

Time since first subscription 

1-4 years 

5-9 years 

Ó10 years 

Women 

Ever subscriber 

Time since first subscription 

1-4 years 

5-9 years 

Ó10 years 

 

  50 

 

  15 

  14 

  21 

 

  30 

 

    9 

  13 

    8 

 

0.78 (0.58-1.05) 

 

0.92 (0.55-1.56) 

0.56 (0.33-0.96) 

0.90 (0.57-1.42) 

 

1.02 (0.71-1.47) 

 

1.08 (0.56-2.09) 

1.04 (0.60-1.79) 

0.93 (0.46-1.87) 

  

Denmark 

1998-2006 

Ó30 

2 883 665 Danes 
included in the 
CANULI cohort 

Acoustic 
neuroma 

Mobile phone subscription 
Ó11 years 

Men 

No 

Yes 

Women 

No 

Yes 

 

 

 

389 

  15 

  

402 

    0 

 

 

 

1.0 

0.87 (0.52-1.46) 

 

No exposed case, 
1.6 expected 

Log linear Poisson 
regression models, 
adjusted for age, 
calendar period,  
highest attained 
education,  
disposable income, 
marital status. 

Exposed were 
subscribers Ó11 
years. Non-
subscribers and 
subscribers <11 years 
were comparison 
group. Corporate 
subscribers could not 
be identified, 
constitute a small 
proportion of the 
unexposed 
population. 

Schüz et al. 
(2011) 
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UK 

1999-2005 
ï followed 
through 
2009 

Mean age 
60.3 (SD 
5.1) 

791 710 women 
participating in the 
UK Million Women 
Study, who 
answered a base-
line questionnaire 
1999-2005 

Intracranial 
CNS tumours 

 

 

 

 

 

 

 

 

Glioma 

 

 

 

 

 

 

 

 

 

Meningioma 

 

 

 

 

 

 

 

 

 

Acoustic 
neuroma 

Ever mobile phone user 

No 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Frequency of use 

<Daily 

Daily 

Ever mobile phone user 

No 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Frequency of use 

<Daily 

Daily 

Ever mobile phone user 

No 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Frequency of use 

<Daily 

Daily 

Ever mobile phone user 

No 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Frequency of use 

<Daily 

Daily 

 

507 

754 

 

203 

406 

103 

 

664 

  90 

 

237 

334 

 

  89 

185 

  40 

 

298 

  36 

 

102 

149 

 

  41 

  82 

  20 

 

130 

  19 

 

  29 

  67 

 

  19 

  38 

    8 

 

  59 

    8 

 

1.0 

1.01 (0.90-1.14) 

 

1.00 (0.84-1.20) 

1.02 (0.89-1.17) 

1.02 (0.81-1.27) 

 

1.02 (0.90-1.15) 

1.00 (0.80-1.26) 

 

1.0 

0.91 (0.76-1.08) 

 

0.93 (0.71-1.21) 

0.92 (0.75-1.13) 

0.78 (0.55-1.10) 

 

0.92 (0.77-1.10) 

0.80 (0.56-1.14) 

 

1.0 

1.05 (0.81-1.38) 

 

0.88 (0.60-1.31) 

1.21 (0.89-1.65) 

1.10 (0.66-1.84) 

 

1.05 (0.80-1.37) 

1.11 (0.67-1.85) 

 

1.0 

1.44 (0.91-2.28) 

 

1.00 (0.54-1.82) 

1.80 (1.08-3.03) 

2.46 (1.07-5.64) 

 

1.45 (0.91-2.31) 

1.37 (0.61-3.07) 

Prospectively 
collected self-reported 
information on mobile 
phone use. 

Definition of ñuserò did 
not require a minimal 
amount of use.  

Cox proportional 
hazards models 
adjusted for age, area 
based socioeconomic 
status, geographical 
region, height, BMI, 
smoking, alcohol, 
strenuous exercise, 
menopausal hormone 
therapy. 

 

Benson et 
al. (2013a) 
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 271 

Case-control studies 272 

Altogether 28 case-control studies of mobile phone use and brain tumours have been conducted. 273 

Several of these studies have also been included in pooled analyses. Some of the Interphone studies have not 274 

been published separately and were only included in a pooled analysis. Most of the studies have included 275 

several types of brain tumours: glioma, meningioma and acoustic neuroma, and some have also provided 276 

analyses of all types of brain tumours combined. Some studies have focused on a single type of brain tumour, 277 

e.g. glioma, or acoustic neuroma. To facilitate comparability between studies and between tumour types, Table 278 

12.1.2.1.2 below presents brain tumour results focused on ever mobile phone use and categorized according to 279 

time since first use, with results within each study stratified on specific tumour types, while Table 12.1.2.1.3 280 

presents the corresponding results for measures of amount of mobile phone use, i.e. cumulative call time and 281 

cumulative number of calls.   282 

Hardell studies 283 

 Hardell and co-workers conducted a case-control study of mobile phone use and brain tumours in 284 

Sweden (Hardell et al., 1999), with case recruitment from regional cancer registries in two geographic regions 285 

during 1994ï96 (Uppsala/Örebro) and 1995ï96 (Stockholm). Only patients who were still alive when recruited 286 

to the study were included. In total, 270 brain tumour cases were identified, of whom 37 were excluded because 287 

they were too ill to participate, and 8 cases because they were not primary brain tumours. Finally, 209 cases 288 

participated in the study. The participation rate is reported to be 90%, but according to conventional standards, 289 

cases who were too ill, as well as deceased cases, should have been included in the denominator. Thus, the 290 

participation rate is likely to be much lower. Two controls per case were selected from the population register 291 

matched to cases on sex, age, and geographic region, and 425 (91%) agreed to participate. Information about 292 

mobile phone use was collected through a postal questionnaire complemented with a telephone interview. Of the 293 

cases, 37% had used a mobile phone (defined as at least 8 h in total, with a one year latency period) and the 294 

corresponding proportion among the controls was 38%. Hours of phone use was categorized according to the 295 

median value among the controls (224 h for analogue and 88 h for digital phones). Conditional logistic 296 

regression was used to estimate ORs. There were no associations between mobile phone use and all brain 297 

tumours combined (OR=0.98; 95% CI 0.69ï1.41), malignant brain tumours (OR=0.98; 95% CI 0.63ï1.50), 298 

meningioma (OR=1.05; 95% CI 0.49ï2.27), or acoustic neuroma (OR=0.78; 95% CI 0.14ï4.20), nor were there 299 

any associations with analogue or digital phone use considered separately, whether for 1, 5 or 10 year latency 300 

UK 

1999-2005 
ï followed 
through 
2011 

 

Same as above: 

791 710 women 
participating in the 
UK Million Women 
Study, who 
answered a base-
line questionnaire 
1999-2005 

Intracranial 
CNS tumours 

1727 cases 

 

 

 

Glioma 

875 cases 

 

 

 

 

Meningioma 

397 cases 

 

 

 

 

Acoustic 
neuroma 

126 cases 

Ever mobile phone user 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Ever mobile phone user 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Ever mobile phone user 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Ever mobile phone user 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

 

 

 

0.94 (0.85-1.04) 

 

0.99 (0.83-1.17) 

0.93 (0.82-1.06) 

0.90 (0.77-1.05) 

 

0.86 (0.75-0.99) 

 

0.96 (0.75-1.23) 

0.86 (0.72-1.02) 

0.77 (0.62-0.96) 

 

1.01 (0.82-1.25) 

 

0.90 (0.63-1.28) 

1.04 (0.80-1.34) 

1.08 (0.78-1.49) 

 

1.19 (0.81-1.75) 

 

0.94 (0.53-1.66) 

1.46 (0.94-2.27) 

1.17 (0.60-2.27) 

Same study as above 
updated with an 
additional two years 
follow-up. 

Numbers of exposed 
cases not given. 

Benson et 
al. (2013b) 
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periods, and no dose-response or significant laterality effects were seen. Subsequent reanalysis of the same 301 

laterality data (side of phone use versus side of tumour occurrence) showed an association of borderline 302 

significance between ipsilateral mobile phone use and temporal, temporoparietal and occipital tumours 303 

combined (Hardell et al., 2001), but also a risk reduction at other locations. [Despite apparently high 304 

participation rates, only about one third of the total number of brain tumour cases appears to have been included 305 

in the study (Ahlbom & Feychting, 1999). Some, but not all, of the discrepancy is likely to be explained by the 306 

poor prognosis of the disease. No rationale is given for grouping tumours with temporal, temporoparietal and 307 

occipital location. Increased risk estimates at some locations and reduced risk estimates at other locations 308 

suggest that random variation or bias may have affected results in these subgroup analyses.] 309 

A second case-control study of brain tumours was conducted by Hardell and co-workers (2002), with 310 

case recruitment during 1997ï2000 in four Swedish geographic regions. After exclusion of patients with 311 

erroneous diagnoses (e.g. metastasis, wrong date of diagnosis), 2253 eligible cases were identified. Only cases 312 

alive at the time of recruitment were included, and 1429 answered the questionnaire (63% of eligible). One 313 

control per case matched to cases on age, sex and geographic region was selected from population registers 314 

(n=1617). In total, 1429 controls participated (91%). Information on exposure to cellular and cordless phones 315 

was collected through mailed questionnaires and was completed over the phone. Analogue phones had been 316 

used by 17% of cases and 15% of controls, with a one year latency period, but with no requirement for a lowest 317 

amount of use, which is a difference compared to the first study where a minimum of 8 h was required. Digital 318 

phones had been used by 30% of both cases and controls. Hours of phone use was categorized according to the 319 

median value among the controls (85 h for analogue and 55 h for digital phones). Conditional logistic regression 320 

was used to estimate ORs, and included 1303 complete pairs (58% of cases and 81% of controls). No additional 321 

potential confounders were included. Ever use of an analogue mobile phone was associated with an OR of 1.3 322 

(95% CI 1.02ï1.6) for all brain tumour types combined, a result driven by acoustic neuroma (OR=3.5; 95% CI 323 

1.8ï6.8); no associations were found for malignant brain tumours (OR=1.1; 95% CI 0.8ï1.6), or benign brain 324 

tumours other than acoustic neuroma (for meningioma OR=1.1; 95% 0.7ï1.5). All results for digital phone use 325 

and use of cordless phones were close to unity. No consistent dose-response patterns were observed with 326 

cumulative hours of phone use. Sub-analyses with different latency periods showed no coherent patterns for any 327 

tumour types. ORs for acoustic neuroma were of the same magnitude for short-term use (1ï5 years) as for 328 

intermediate and long-term use (>10 years). Results according to location of the tumour were also driven by 329 

acoustic neuroma (defined as occurring in the temporal area, although acoustic neuromas are actually located on 330 

the vestibular portion of the eighth cranial nerve). [The authors report a higher response rate, but 331 

unconventionally exclude from the denominator cases who were too ill, deceased, whose physician did not 332 

allow contact, or had no known address. Overall, the proportion of mobile phone users in the second study 333 

seems to be unexpectedly low. It is noteworthy that the reported prevalence of mobile phone use had not 334 

increased much between the first and second Swedish study; the increase in the proportion of users among 335 

controls is at the most 6%. According to the Swedish Post and Telecom Agency, the number of mobile phone 336 

subscriptions divided by the total Swedish population size (including also age groups with no mobile phone use) 337 

increased from 28% to 71% between 1996 and 2000 (PTS, 2011). Although some persons may have had 338 

multiple subscriptions, these cannot explain the entire difference in the increase in proportion of users. In 339 

addition, the second study had no requirement on amount of use to be defined as a mobile phone user which the 340 

first study had, reflected by the higher median hours of use in the first study compared to the second. Therefore, 341 

an even higher increase in the proportion of mobile phone users would have been expected. A self-administered 342 

paper questionnaire has the disadvantage that it immediately reveals all questions to the participant, and with no 343 

clear definition of mobile phone use in terms of amount required, participants with small amounts of phone use 344 

may be more inclined to answer ñnoò when they see the complicated follow-up questions that need to be filled 345 

out after a ñyesò answer. It is also likely that there is a difference between cases and controls. The long delay 346 

between diagnosis and case recruitment tends to lead to loss of high grade tumours. A substantially increased 347 

risk for acoustic neuroma already after less than 5 years of phone use is unlikely to reflect causality as this is a 348 

slow growing tumour likely to have been present several years before detection (Thomsen & Tos, 1990)].  349 

 In further analyses of malignant brain tumours in the same material (Hardell, Hansson Mild & 350 

Carlberg, 2002), increased risks were reported for ipsilateral use of mobile phones, although with no coherent 351 

pattern with latency periods or amount of use. Furthermore, reduced risks for contralateral use were also 352 

observed. For example, the risk for malignant brain tumours associated with ipsilateral use of an analogue 353 

mobile phone was 1.85 (95% CI 1.16ï2.96) whereas the risk for contralateral use was 0.62 (95% CI 0.35ï1.11). 354 

A similar pattern was found for use of digital phones. These analyses were adjusted for socio-economic status.  355 

In a third paper on the same material, the authors report results where the matching had been 356 

resolved, using unconditional logistic regression to estimate ORs (Hardell, Hansson Mild & Carlberg, 2003). 357 
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The exposure definition had also changed, compared to the original paper, defining the unexposed group as not 358 

using any type of mobile or cordless phone. Generally, results were similar to the two previous papers, except 359 

that the reduced risks for contralateral use had disappeared, and there appeared to be a relation with phone use 360 

latency, which was not seen in the original analyses. Socioeconomic status was added as a potential confounder, 361 

but matching variables were only partially controlled for (age and sex, but not geographical region). [As results 362 

of matched analyses with the new exposure definition were not presented or discussed, there is no possibility to 363 

assess the impact on the results from resolving the matching.] 364 

A number of additional re-analyses of these data have also been published. One publication stratified 365 

analyses on age at diagnosis (Hardell et al., 2004b), and found the highest ORs in the youngest age group (20ï366 

29 years). The OR for use of an analogue phone with >5 years latency was 8.17 (95% CI 0.94ï71) and for 367 

cordless phones 4.3 (95% CI 1.22ï15) for all brain tumours combined. Another publication stratified data on 368 

population density (Hardell, Carlberg & Hansson Mild, 2005b), as mobile phone base stations are more densely 369 

situated in urban areas, which gives lower average output power levels during phone calls in urban compared 370 

with rural areas (Lönn et al., 2004b), and therefore RF  exposure during a mobile phone call is hypothesized to 371 

be higher in rural than in urban areas. The re-analysis of the case-control data found risk estimates that were 372 

highest in rural areas for use of a digital mobile phone at least 5 years prior to diagnosis, with an OR for use in 373 

rural areas of 3.2 (95% CI 1.2ï8.4), compared to 0.9 (95% CI 0.6ï1.4) in urban areas, but the results were based 374 

on very small numbers. In addition, risk estimates for cordless phones were also higher in rural areas. [If RF 375 

fields were causally related to brain tumour risk one would not expect the risk associated with cordless phone 376 

use to be higher in rural areas than urban as the cordless phone base station is placed inside the home and 377 

exposure levels are therefore independent of population density.] 378 

A third case-control study of mobile phone use and brain tumours was performed by Hardell and co-379 

workers, published in two papers, benign and malignant brain tumours separately (Hardell, Carlberg & Hansson 380 

Mild, 2005a; 2006c). Incident cases of brain tumours aged 20ï80 years diagnosed between July 1, 2000 and 381 

December 31, 2003 were identified through the regional cancer registers covering the geographical regions of 382 

Uppsala/Örebro and Linköping in Sweden. In total, 1097 eligible patients with primary brain tumours were 383 

identified, and 729 participated in the study (66% of eligible). The participation rate is reported to be 88% for 384 

malignant and 89% for benign tumours. [As in the previous studies, participation rates are unconventionally 385 

calculated; i.e. omitting a large proportion of cases from the denominator (e.g. deceased cases). The 386 

participation rate is likely to be lower for malignant brain tumours than for benign because of the poorer 387 

prognosis (91% of deceased cases had a malignant tumour), and is probably below 60% for malignant tumours]. 388 

One control per case was randomly selected from the population registry matched to cases on age in 5-year age 389 

groups, in total 820 controls, of whom 692 participated (84%). Information on exposure to cellular and cordless 390 

phones was collected through mailed questionnaires and was completed over the phone. Analogue phones had 391 

been used by 18% of cases and 11% of controls, with a one year latency period, defining use as any mobile 392 

phone use, regardless of total amount of use. Digital phones had been used by 57% of cases and 50% of 393 

controls. Hours of phone use was categorized according to the median value among the controls (80 h for 394 

analogue and 64 h for digital phones). Unconditional logistic regression was used to estimate ORs, ignoring the 395 

matching, with adjustment for age, sex, socioeconomic status and year of diagnosis; all controls were used in the 396 

analyses of all specific types of tumours.  397 

For all malignant tumours combined, an odds ratio (OR) of 2.6 (95% CI 1.5ï4.3) was reported for 398 

any use of an analogue mobile phone at least one year prior to diagnosis. The corresponding result for digital 399 

phones was 1.9 (95% CI 1.3ï2.7) and for cordless phones 2.1 (95% CI 1.4ï3.0). For phone use starting 1ï5 400 

years prior to diagnosis a risk estimate for malignant tumours of 1.6 (95% CI 1.1ï2.4) was reported for digital 401 

phone use, and 1.8 (95% CI 1.2ï2.8) for cordless phones. No case and 3 controls had used an analogue phone 402 

with such short latency. With >10 years latency period the risk estimates were 3.5 (95% CI 2.0ï6.4), 3.6 (95% 403 

CI 1.7ï7.5) and 2.9 (95% CI 1.6ï5.2) for analogue, digital and cordless phones, respectively. Risk estimates 404 

were higher for high grade astrocytoma. In analyses of the total number of hours of phone use dichotomized at 405 

the median hours among controls, risk estimates were generally higher in the highest exposure category; >80 h 406 

of analogue phone use was associated with an OR of 4.0 (95% CI 2.2ï7.3), digital phone use >64 h with an OR 407 

of 2.4 (95% CI 1.6ï3.7), and cordless phone use >243 h with an OR of 2.4 (95% CI 1.5ï3.6). 408 

For meningioma, any use of an analogue mobile phone at least one year prior to diagnosis was 409 

associated with an OR of 1.7 (95% CI 0.97ï3.0), and for >10 years of use the OR was 2.1 (95% CI 1.1ï4.3). For 410 

digital and cordless phones the ORs were identical for any use at least 1 year before diagnosis, OR=1.3 (0.9ï411 

1.9), while >10 of use of a cordless phone was associated with an OR of 1.9 (0.97ï3.6). An amount of use above 412 
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median was associated with an OR of 2.2 (95% CI 1.1ï4.3) for analogue phone use, 1.7 (95% CI 1.1ï2.6) for 413 

digital phone use, and 1.7 (95% CI 1.1ï2.6) for cordless phone use. 414 

For acoustic neuroma any analogue phone use was associated with an OR of 4.2 (95% CI 1.8ï10), 415 

digital phones 2.0 (95% CI 1.05ï3.8) and cordless phones 1.5 (0.8ï2.9). Risk estimates were raised for all 416 

latency periods of use of analogue phones; >1ï5 years was associated with an OR of 9.9 (95% CI 1.4ï69), for 417 

5ï10 years the OR was 5.1 (95% CI 1.9ï14) and for >10 years 2.9 (95% CI 0.9ï8.0). Few cases had started to 418 

use a digital or cordless phone more than 10 years prior to diagnosis. Risk estimates for shorter latency periods 419 

of digital or cordless phone use were generally raised but not significantly; a significantly raised risk estimate 420 

was only found for digital phone use starting >5ï10 years prior to diagnosis (OR= 2.7; 95% CI 1.3ï5.7). 421 

Amount of use above median total hours were associated with ORs 6.0 (95% CI 2.2ï17), 2.5 (95% CI 1.2ï5.2), 422 

and 1.7 (95% CI 0.8ï3.5), for analogue, digital, and cordless phone use, respectively. 423 

Risk estimates for different anatomical locations of the tumour did not differ much for malignant 424 

tumours; they were slightly higher for frontal lobe tumours than for tumours in the temporal lobe or at other 425 

locations. For benign tumours (excluding acoustic neuroma), odds ratios were higher for temporal lobe tumours; 426 

ORs over 2 were observed for tumours in the temporal lobe already within 5 years of use of digital and cordless 427 

phones, and for >10 years of phone use ORs were above 5 for all three types of phones (all cases in this 428 

category had meningioma).  429 

Results did also not vary much according to laterality of phone use in relation to laterality of the 430 

tumour; e.g. for malignant tumours increased risks were found for both ipsilateral and contralateral phone use in 431 

all analyses except for digital phone use where the OR for contralateral use was not statistically significantly 432 

raised. The same pattern was seen for acoustic neuroma.  433 

[Compared with the earlier studies by Hardell and co-workers, reported risk estimates in the third 434 

study are considerably higher in all exposure categories, also for very short durations of exposure. For example 435 

for malignant brain tumours, the OR for digital phone use with a latency period of 1ï5 years was 1.6 (95% CI 436 

1.1ï2.4; 100 exposed cases) whereas in the second study, with case recruitment during 1997ï2000, the 437 

corresponding result was 1.08 (95% CI 0.81ï1.43; 100 exposed cases, latency period 1ï6 years). In the first 438 

study (case recruitment 1994ï1996) an OR of 0.98 (95% CI 0.63ï1.50; 53 exposed cases) was reported for >1 439 

year of mobile phone use. This pattern is similar also for cumulative hours of use categorized according to the 440 

median hours among controls. The third study reports dose-response patterns for both malignant and benign 441 

tumours, whereas no consistent dose-response patterns were found in the first two studies. For analogue phones 442 

the median cumulative hours of use among controls was 224 h in the earliest study, 85 h in the second and 80 443 

hours in the third. The corresponding numbers for digital phones were 88 h, 55 h, and 64 h. The first study 444 

required a minimum amount of 8 cumulative hours of use to be regarded as a mobile phone user, while the 445 

second and third studies had no such requirements. This may explain the higher amount of use in the first study 446 

despite the early observation period. The low prevalence of mobile phone use in the third study is surprising, 447 

especially when considering that no minimum amount of use was required; only 51% of the controls were 448 

mobile phone users (56% of cases). The Swedish Post and Telecom Agency (PTS) reported that 87% of a 449 

random sample of the Swedish population in the age range 16ï75 years were mobile phone users in 2002, and 450 

90% in 2003 (PTS, 2003). The questionnaire used was the same as in the second study discussed above, and 451 

required the participantsô ability to distinguish between NMT450, NMT900, and GSM phones. For each of these 452 

three types of phones separately, the participants were asked to state the average minutes per day that they had 453 

used the mobile phone encompassing their entire history of mobile phone use, i.e. one estimate that should cover 454 

up to around 15 years of mobile phone use, with no place to report changes in these habits. This makes estimates 455 

of cumulative hours of phone use likely to be highly uncertain, as the amount of mobile phone use has changed 456 

dramatically since mobile phones became available. Similarly, the proportion of time that a hands free device 457 

had been used was also only asked once, with only one short line to state the years, and no place to report 458 

changes. The side of the head where the phone was held were only referring to present time, i.e. when the 459 

questionnaire was filled out, with no room to report changes. Recall bias is likely in such unspecific exposure 460 

measures. All participants were contacted by telephone ñto verify exposures and get additional detailed 461 

informationò by an interviewer that was blind to case-control status. The authors do not report whether they 462 

recorded how often the interviewer by accident found out the case-control status during the interview, which 463 

seems likely to be common considering that interviews were made with cases who had been diagnosed with a 464 

life threatening disease, or a disease that may have affected their mobile phone habits through unilateral hearing 465 

loss. And of course, cases and controls are not blind to their own disease status when they answer the 466 

questionnaire. Thus, participants and personnel in this type of epidemiological study can never be blinded in the 467 

same way as in an experimental study.] 468 
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Hardell and co-workers conducted a study of deceased cases of malignant brain tumours (Hardell, 469 

Carlberg & Hansson Mild, 2010), who would have been included in the second and third of their previous 470 

studies (Hardell et al., 2002; Hardell, Carlberg & Hansson Mild, 2006c) had they not died before being 471 

contacted for inclusion in these studies. The study included 535 deceased cases of malignant brain tumours 472 

diagnosed between 1997 and 2002 aged 20ï80 years (cases occurring in 2003 were excluded because the Cause 473 

of Death registry was not updated longer than to 2002 when this study started). Deceased controls were selected 474 

from the Cause of Death register, matched to cases on year of death, sex, age and geographic region. Two 475 

controls per case were selected; one who had died from another cancer diagnosis, and one who had died from 476 

another major chronic disease such as cardiovascular disease, neurologic disease, lung disease, gastrointestinal 477 

disease, infection, and diabetes. No relative could be identified for 64 cases, and no control fulfilled the 478 

matching criteria for 7 cases. A questionnaire with questions about the mobile phone use history of the deceased 479 

case/control was sent to a close relative. Relatives were contacted between November 2006 and August 2008. 480 

Finally, 346 relatives to cases (65% of all deceased, 75% of contacted), 343 relatives to controls who died from 481 

other cancers (74%) and 276 relatives to controls who died from other diseases (60%) participated in the study. 482 

Results were very similar to the results from the pooling of the two original case-control studies (discussed 483 

below), except that no raised risks were found for use of cordless phones. [A severe limitation of the study is the 484 

reliance on the ability of close relatives to report correctly about mobile phone use for distant time periods for a 485 

relative who died from a malignant brain tumour several years earlier. The authors discuss that the use of 486 

controls who had died from other cancer types or some other malignant disease would offset recall bias when 487 

relatives report on the subjectsô past mobile phone use. It seems unlikely, however, that relatives of persons who 488 

have died from other cancers or from other diseases such as cardiovascular diseases would believe that mobile 489 

phone use had caused the disease that their relative died from, as is likely to be the case for relatives of many 490 

cases of malignant brain tumours, especially as headlines about mobile phone use causing brain tumours 491 

appeared several times in the media in connection to the publication of the earlier studies by the Hardell group. 492 

An indication of the difficulty for relatives to report correctly about amount of mobile phone use 10 to 20 years 493 

earlier for their deceased relative is seen in the difference in the median cumulative hours of use reported by 494 

controls in the original studies, compared with that reported by relatives to controls in this study. The controls in 495 

the two original studies reported a median of 85 and 80 h for analogue phone use, 55 and 64 h for digital phone 496 

use, and 195 and 243 h for cordless phone use. The relatives of deceased controls reported 149 h for analogue 497 

phone use, 183 h for digital phones use, and 548 h for cordless phone use, even though the time period covered 498 

should be the same. Considering these severe limitations, the results of this study are not tabulated.] 499 

A fourth study of mobile phone use and brain tumours was conducted by Hardell and co-workers, 500 

published in three separate papers (Carlberg et al., 2013; Hardell et al., 2013a; b). Incident cases of brain 501 

tumours aged 18ï75 years diagnosed during the period 2007 to 2009 were identified through the six regional 502 

cancer registers in Sweden (in one region from 2008). Only histologically confirmed cases were included. In 503 

total, 1314 eligible patients with malignant brain tumours and 1010 with benign brain tumours were identified. 504 

593 of the patients with malignant tumours (45% of eligible), and 814 (81%) with benign tumours participated 505 

in the study. The main reason for non-participation among patients with malignant tumours was that the case 506 

had died (the study included only living persons), while the main reason for cases with benign tumours was 507 

refusal. Of the participating cases with benign tumours, 709 were diagnosed with meningioma and brain 508 

tumours with acoustic neuroma. Other types of benign tumours were rare and were not analysed further. One 509 

control per case was randomly selected from the Swedish population registry, matched to the case on age, sex, 510 

and geographic region of residence, in total 1601 controls of whom 1368 (85%) participated; the number of 511 

selected controls was determined after having excluded cases who could not be approached because they had 512 

died, the physician did not give permission or similar reasons. Results for acoustic neuroma were only presented 513 

as pooled with two of the previous studies conducted by the same group, where the new cases constitute a small 514 

part of the data (73 out of 316 cases) [these results are discussed below when pooled results are described]. 515 

Information about exposure to cellular and cordless phones was collected in the same way as in previous 516 

studies, i.e. through mailed questionnaires and completed over the phone. Any type of mobile phone had been 517 

used by 92% of cases with a malignant brain tumour, 84% with meningioma, and 89% of controls, with a one 518 

year latency period, defining use as any amount of mobile phone use and at least 39 h cumulative use of a 519 

wireless phone (mobile or cordless phone). Time since first mobile phone use was categorized into <1-5, >5-10, 520 

>10-15, >15-20, >20-25, and >25 years [the maximum time possible for use of a handheld mobile phone is 23 521 

years. Thus, for time periods longer than 23 years only car phones and so called bag phones were available, on 522 

which the antenna was situated far from the body with considerably lower RF exposure to the head. The first 523 

handheld mobile phones were available on the market in Sweden from 1987]. Separate analyses were made for 524 

use of analogue, digital 2G, digital UMTS, and any type of mobile phones, cordless phones, any type of digital 525 

phone (including mobile and cordless phones), and any type of wireless phones. Unconditional logistic 526 

regression was used to estimate ORs, ignoring the matching, with adjustment for age, sex, socioeconomic status 527 
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and year of diagnosis [the matching variable residential geographic region was ignored]; all controls were used 528 

in the analyses of all specific types of tumours.  529 

For all malignant brain tumours combined, an OR of 1.6 (95% CI 0.99ï2.7) was reported for use of 530 

any type of mobile phone at least one year prior to diagnosis. For mobile phone use starting 1ï5 years prior to 531 

diagnosis the OR was 1.8 (95% CI 1.0ï3.4), and the ORs were lower, and non-significant, for starting mobile 532 

phone use during the three times periods between >5 and Ò20 years before diagnosis. The highest OR was 533 

observed for >25 years since start of mobile phone use (OR=2.9; 95% CI 1.4ï5.8) [this category does not 534 

include any use of handheld phones]. Similar patterns were reported for analogue and digital mobile phone use 535 

separately (only a small number of persons had used UMTS phones longer than 5 years), and also for use of 536 

cordless phones, although for cordless phones the highest risk estimate was found in the category >15ï20 years 537 

since first use (very few persons had used cordless phones longer). For any type of digital phone (digital mobile 538 

or cordless phones) results were very similar to results for cordless phones [it seems like all cordless phones 539 

were classified as digital, although the first cordless phones were analogue; digital cordless phones became 540 

available on the market late 1992. Thus, the analysis of ñdigital typeò of phones is likely to include also 541 

analogue phones as no digital phones were available early enough to be classified into the category >20ï25 542 

years since first use. Furthermore, it seems unlikely that respondents would be able to distinguish between 543 

analogue and digital cordless phones.] The total number of hours of mobile phone use was categorized into 544 

quartiles according to the distribution of any type of wireless phone use among the controls (>39ï405, 406ï545 

1091, 1092ï2376, >2376 h). For any type of mobile phone use, ORs were above unity for all categories of 546 

cumulative hours of use, but with no consistent dose-response pattern over the first three quartiles (ORs going 547 

from 1.4, 1.7, 1.5), and with an OR of 2.8 (95% CI 1.6ï4.8) in the highest quartile (which included 25% of 548 

mobile phone users among cases and 13% among controls). ORs were similar for cordless phone use, although 549 

the ORs in the third and fourth quartiles were slightly higher (2.1 and 3.1). To evaluate potential recall bias, 550 

meningioma cases were used as controls in an analysis of malignant brain tumours in relation to time since first 551 

use, with results that were very similar to the original analysis. [Surprisingly, meningioma cases were not used 552 

as controls in analyses of cumulative hours of use, where recall bias is of greater concern]. 553 

For meningioma, any use of a mobile phone at least one year prior to diagnosis was associated with 554 

an OR of 1.0 (95% CI 0.7ï1.4). ORs were close to unity for all types of phones analysed separately, or together, 555 

and for any latency periods. ORs for cumulative hours of mobile phone use were close to or below unity in all 556 

quartiles except in the highest, where ORs were raised for use of analogue and digital phones, as well as for 557 

cordless phones, the latter being 1.8 (95% CI 1.2ï2.8). 558 

For malignant brain tumours, the OR for ipsilateral use of any type of mobile phone was slightly 559 

higher than for contralateral use (OR=1.7; 95% CI 1.01ï2.9 and 1.4; 95% CI 0.8ï2.5, respectively). Similar 560 

findings were seen for cordless phone use. For meningioma the corresponding results did not differ according to 561 

laterality of phone use. Analyses restricted to tumours occurring at temporal, temporofrontal, tempoparietal, or 562 

temporooccipital locations showed higher risk estimates for malignant brain tumours, but again with no 563 

consistent dose response pattern. The highest OR was observed for >25 years since first use (OR=4.8; 95% CI 564 

1.7ï14) [only bag phones and car phones], and the next to highest was in the category 1ï5 years since first use 565 

(OR=3.0; 95% CI 1.2ï7.6). A similar pattern was observed for cordless phones. [No analyses were restricted 566 

only to the temporal lobe, and results for other lobes were not shown]. For meningioma, the corresponding 567 

analyses showed results that were similar to the overall findings.   568 

[Effect estimates reported in this fourth study from the Hardell group are lower than those reported in 569 

the third study, for both malignant brain tumours and meningioma. The highest ORs were observed for time 570 

periods when handheld mobile phones were not yet available on the market, and for short term use (>1ï5 years 571 

since first use). The prevalence of mobile phone use among controls is considerably higher than in previous 572 

studies by the same group, almost 90%, and more in line with other surveys. The Swedish Post and Telecom 573 

Agency reported a prevalence of 94% 2007 and 2008, and 95% 2009 (a few percent higher if counting ñever 574 

useò) (PTS, 2011). The unexposed group is very small, only 22 cases (3.7%) of malignant brain tumours and 575 

107 controls (7.8%), which affects all analyses. It is questionable whether there were unexposed subjects in all 576 

categories of age and sex. In previous studies, the unexposed group was defined as ñno wireless phone useò, 577 

while the fourth study also included persons with in total Ò39 h of wireless phone use into the unexposed group 578 

(3
rd
 percentile). The reason for choosing this particular cutpoint is unclear, as it does not correspond to a 579 

workweek in Sweden (which the authors claim), the legal working time in Sweden is 40 h/week, and it still 580 

leaves a very small unexposed group. Furthermore, results for the temporal lobe are not reported separately, 581 

only together with overlapping lobes, which is not how analyses have been performed in any previous study. 582 

Unfortunately, the distribution of hours of phone use is only shown for all wireless phones combined (including 583 
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also cordless phones), which makes comparisons with previous studies difficult. The questionnaire used is the 584 

same as in the second and third studies (discussed in connection to the third study), with the additional 585 

requirement that participants need to be able to distinguish also UMTS/3G phones from the three older types. 586 

The participant was asked to estimate the average minutes per day that he/she had used each of the four different 587 

mobile phone types (one estimate per phone type), which could now encompass a history of mobile phone use 588 

that could be over 20 years. This makes estimates of cumulative hours of phone use likely to be highly 589 

uncertain, as the amount of mobile phone use has changed dramatically since mobile phones became available, 590 

especially during the last years of the fourth study. The questions on the side of the head where the phone was 591 

held were also only referring to present time, i.e. when the questionnaire was filled out, with no room to report 592 

changes. Recall bias is likely in such unspecific exposure measures.] 593 

Hardell and co-workers have published several articles where the data from the second and third 594 

studies (Hardell et al., 2002; Hardell, Carlberg & Hansson Mild, 2005a; 2006c) were pooled, mostly reporting 595 

overlapping analyses in the various publications (Hansson Mild, Hardell & Carlberg, 2007; Hardell, Carlberg & 596 

Hansson Mild, 2006a; b; Hardell et al., 2006; Hardell & Carlberg, 2009; Hardell, Carlberg & Hansson Mild, 597 

2011b). The same study design was used in the two studies to allow pooling of the data, but formal tests of 598 

heterogeneity between the results from the two studies were not made. In the pooled analysis the OR of 599 

malignant brain tumours for less than 5 years since first digital mobile phone use was 1.2 (95% CI 0.96ï1.5), 600 

and were similar also for analogue and cordless phones. There were statistically significant increased risk 601 

estimates for 5ï10 and >10 years latency periods for both digital and cordless phones, for analogue phones only 602 

for >10 years since first use. Malignant brain tumours was associated with an OR of 1.1 (95% CI 0.8ï1.6) for 603 

contralateral analogue phone use, and 2.1 (95% CI 1.5ï2.9) for ipsilateral use. For meningioma, significantly 604 

increased risk estimates were reported for analogue phones with a 10 year latency and for cordless phones after 605 

5ï10 years. For acoustic neuroma all types of phones were associated with significantly increased risk estimates 606 

after less than 5 years since first use; e.g. for analogue phone use the OR was 2.3 (95% CI 1.2ï4.1), and 607 

increased to over threefold with >5ï10 and >10 years latency. Cumulative lifetime hours of use were presented 608 

with the cut point at the median hours among controls, showing a clear dose-response pattern only for analogue 609 

phone use and acoustic neuroma risk. In addition, analyses were also made with cut-points at 1000 and 2000 h 610 

of use for malignant brain tumours and 500 and 1000 h for benign [no rationale for the choice of cut points was 611 

presented]. Increased odds ratios were reported for all exposure categories for malignant tumours and for 612 

acoustic neuroma, with highest risk estimates in the highest exposure category (OR=5.9; 95% CI 2.5ï14 for 613 

malignant tumours and OR=5.1; 95% CI 1.9ï14) for acoustic neuroma). One paper presented results with hours 614 

of use categorized according to tertiles (Hardell et al., 2006), and another paper added analyses of hours of use 615 

as a continuous variable (Hansson Mild, Hardell & Carlberg, 2007), which essentially did not change the overall 616 

impression of the results.  Several papers presented analyses stratified according to age at first use (Hardell, 617 

Carlberg & Hansson Mild, 2006a; b; Hardell & Carlberg, 2009). Highest risk estimates were found among 618 

persons who started to use a mobile phone before 20 years of age; for astrocytoma in this age group the OR was 619 

5.2 (95% CI 2.2ï12) and for acoustic neuroma 5.0 (95% CI 1.5ï16) for ever use of a mobile phone  >1 year 620 

prior to diagnosis. In a letter to the editor (Hardell, Carlberg & Hansson Mild, 2011b), pooled analyses were 621 

presented using different age ranges, including one similar to that used in the Interphone study. In addition, 622 

analyses was made where cordless phone users were included in the unexposed group, in the same way as in 623 

Interphone, as well as analyses restricted to tumours in the temporal lobe [none of the previous pooled analyses 624 

had presented results according to tumour location]. From these results, it is evident that slightly stronger risk 625 

estimates were found in the youngest (<30 years at diagnosis) and oldest (>59 years) age-groups, although it is 626 

unclear whether the differences between age-groups were statistically significant. Adding users of cordless 627 

phones to the unexposed category lowered the risk estimates only marginally. Risk estimates for tumours in the 628 

temporal lobe were not higher than in other, less exposed areas of the brain. 629 

For acoustic neuroma, an additional pooled study was published in 2013 (Hardell et al., 2013b), 630 

which included 73 new cases and 1368 new controls identified during 2007ï2009 in addition to all the cases and 631 

controls used for the pooled study discussed above. The total number of cases and controls were 316 and 3530, 632 

respectively. Results were essentially similar to the previous pooled analysis discussed above.  633 

 [Some of the implausible results in the individual studies disappeared in the pooled analyses. The 634 

increased risk for malignant brain tumours after a very short latency period in the third study was lowered by the 635 

lack of association in the 2002 study. The observed reduced risk estimate for malignant brain tumours associated 636 

with contralateral mobile phone use in the 2002 study (OR=0.62; 95% CI 0.35ï1.11 for analogue phone use) 637 

was offset by the increased risk for both ipsi- and contralateral phone use in the third study (OR=2.6; 95% CI 638 

1.3ï5.4 for contralateral analogue phone use and OR=3.2; 95% CI 1.6ï6.2 for ipsilateral use). The difference 639 

between the results in the two studies for contralateral phone use is statistically significant. The pooled analyses 640 
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have the same limitations as discussed above for the individual studies. A pooled analysis was also conducted 641 

including the data from the study of deceased cases and controls (Hardell, Carlberg & Hansson Mild, 2010), but 642 

these additional data have severe problems with potential exposure misclassification, as discussed above, and 643 

therefore the pooled results that include data from deceased cases and a selection of deceased controls (Hardell, 644 

Carlberg & Hansson Mild, 2011a) are not further discussed here.]  645 

Early US studies 646 

Muscat et al. conducted two case-control studies in the US, one of malignant brain tumours (Muscat 647 

et al., 2000), the other of acoustic neuroma (Muscat et al., 2002), using the same ascertainment and data 648 

collection procedures. Eligible patients were identified from five medical centres, and were diagnosed with a 649 

malignant brain tumour 1994ï1998, in the ages 18 to 80 years, or acoustic neuroma 1997ï1999, with no upper 650 

age limit. Controls were selected from the same hospitals frequency matched on age, sex, race and month of 651 

admission, with a variety of benign conditions, except in two centres where controls were recruited primarily 652 

from patients with malignant conditions, excluding leukaemia and lymphoma. In total, 571 cases with malignant 653 

brain tumours were contacted of whom 469 participated. An additional 55 eligible cases were never approached, 654 

which gives a participation rate of 75%. Among controls 422 participated (90%). Participation rates were not 655 

reported for acoustic neuroma, in total 90 patients and 86 controls participated. Information about mobile phone 656 

use was obtained by structured personal interviews (proxies were interviewed for 9% of brain tumour cases and 657 

1% of controls, and one acoustic neuroma case). The interview asked about years and amount of mobile phone 658 

use for each phone the respondent had ever used. Information about the preferred side of the head referred to 659 

current use, i.e. at the time of the interview. Regular mobile phone use, defined as having a mobile phone 660 

subscription, was reported by 14% of brain tumour cases and 18% of their controls. For acoustic neuroma the 661 

corresponding numbers were 20% of cases and 27% of controls. Analyses were made with unconditional 662 

logistic regression models, adjusted for age, education, sex, race, study centre, occupation, date of interview, 663 

and for brain tumours also proxy subject. No raised risks of malignant brain tumours were seen for regular use, 664 

frequency of use, or duration of use, or for site or histologic subtype of brain cancer. The OR for Ó4 years of 665 

regular use was 0.7 (95% CI 0.4ï1.4; 17 exposed cases), and for the highest category of cumulative hours of use 666 

(>480 h) the OR was 0.7 (95% CI 0.3ï1.4; 14 exposed cases). The OR for a malignant brain tumour in the 667 

temporal lobe was 0.9 (95% CI 0.5ï1.7). A non-significantly raised OR was seen for neuroepitheliomatous 668 

tumours (OR=2.1; 95% CI 0.9ï4.7; 14 exposed cases). There was no trend in risk of acoustic neuroma in 669 

relation to cumulative measures of phone use, and no significant relation between side of phone use and side of 670 

tumour. The OR for 3ï6 years of mobile phone use was 1.7 (95% CI 0.5ï5.1), while it was 0.5 (95% CI 0.2ï671 

1.3) for 1ï2 years. [The studies are limited by the short duration of mobile phone use among the majority of 672 

subjects, and by the hospital-based identification of cases and selection of controls from other patient groups at 673 

the hospitals, as discussed above.] 674 

 In another case-control study from the US (Inskip et al., 2001), Inskip and colleagues identified 675 

patients with intracranial tumours of the nervous system from five hospitals acting as regional referral centres 676 

for diagnosis and treatment of brain tumours. Eligible patients were diagnosed between June 1994 and August 677 

1998, 18 years or older. Controls were admitted to the same hospitals as the cases with non-malignant 678 

conditions frequency matched to cases on age, sex, race, hospital, and proximity of residence to hospital. The 679 

most common diseases among controls were injuries and disorders of the circulatory, musculoskeletal, 680 

digestive, and nervous systems. In total, 782 cases (92% of eligible) and 799 (86%) controls participated in the 681 

study. Information about mobile phone use and covariates were obtained through personal interviews. The 682 

interview asked about years of mobile phone use, and average amount of use over the whole period. Information 683 

about the preferred side of the head referred to current use, i.e. at the time of the interview. Most of the cases 684 

were interviewed within three weeks after diagnosis. Proxies were interviewed for 16% of patients with glioma, 685 

8% with meningioma, 3% with acoustic neuroma and 3% of controls. Conditional logistic regression was used 686 

for analyses; apart from matching variables adjustment was made for date of interview, type of respondent, 687 

education, household income, type of health coverage, marital status, religion, radiotherapy to the head or neck, 688 

and handedness. Participating cases included 486 glioma, 197 meningioma, and 96 acoustic neuroma. Of 689 

controls, 29% reported having used a mobile phone at least five times. Regular mobile phone use, defined as at 690 

least two times per week, was not associated with any of the tumour types; e.g. the OR for glioma was 0.8 (95% 691 

CI 0.6ï1.2). Also, results showed no consistent link between average daily use, duration of use, or cumulative 692 

use of mobile phones (mainly analogue) and risk of brain tumour overall or according to histological subtype or 693 

anatomic site or side of use, e.g. Ó60 minutes of daily use was associated with an OR for glioma of 0.7 (95% CI 694 

0.3ï1.7; 12 exposed cases), and duration of use Ó5 years with OR=0.6 (95% CI 0.3ï1.4; 11 exposed cases). 695 

Corresponding results for meningioma was 0.5 (95% CI 0.1ï2.2; 5 exposed cases) and 0.7 (95% CI 0.2ï2.4; 6 696 

exposed cases), and for acoustic neuroma OR=0.3 (95% CI 0.0ï2.7; 1 exposed case) and 1.9 (95% CI 0.6ï5.9; 5 697 
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exposed cases). For glioma in the temporal lobe the OR=0.8 (95% CI 0.5ï1.4; 41 exposed cases). A non-698 

significantly reduced OR was seen for neuroepitheliomatous tumours (OR=0.5; 95% CI 0.1ï2.0; 8 exposed 699 

cases). [This study suffers from the same limitations as the studies by Muscat et al., described above, i.e. 700 

hospital-based design and few subjects that have used mobile phones for a longer time period, thus results are 701 

only of interest for evaluation of potential effects of short-term mobile phone use.] 702 

Interphone studies 703 

The Interphone study is an international collaborative case-control study conducted in 16 study 704 

centres from 13 countries (Australia, Canada, Denmark, Finland, France, Germany, Israel, Italy, Japan, New 705 

Zealand, Norway, Sweden, and the United Kingdom) using the same common core study protocol (Cardis et al., 706 

2007; Interphone Study Group, 2010; 2011). Eligible patients were diagnosed between 2000 and 2004 (the 707 

study period varied between centres from 2 to 4 years), and were in the age range 30ï59 years at diagnosis. 708 

Several study centres have published national or pooled regional analyses (Christensen et al., 2004; Christensen 709 

et al., 2005; Hepworth et al., 2006; Hours et al., 2007; Klaeboe, Blaasaas & Tynes, 2007; Lahkola et al., 2007; 710 

Lahkola et al., 2008; Lönn et al., 2004a; 2005; Schlehofer et al., 2007; Schoemaker et al., 2005; Schüz et al., 711 

2006a; Takebayashi et al., 2006; Takebayashi et al., 2008), most often using wider age ranges. Ascertainment of 712 

cases was population based in all centres except Japan and France, where it was hospital-based. Cases were 713 

ascertained in close collaboration with neurosurgery, oncology, neurology, and otorhinolaryngology clinics for 714 

rapid recruitment, and completeness was checked through secondary sources, e.g. cancer registries. Diagnoses 715 

were either histologically confirmed or based on unequivocal imaging. In total, 4301 glioma, 3115 meningioma, 716 

and 1361 acoustic neuroma were identified in the age range 30ï59 years, and interviews were completed with 717 

2765 glioma (64%; range across centres 36ï92%), 2425 meningioma (78%; range 56ï92%), and 1121 acoustic 718 

neuroma cases (82%; range 70ï100%).  719 

Controls were randomly selected from population registries (one Canadian centre, Denmark, Finland, 720 

Germany, Israel, Italy, Norway, Sweden), electoral lists (Australia, one Canadian centre, part of France, New 721 

Zealand), general practitionersô lists (both UK centres), or random digit dialling (one Canadian centre, part of 722 

France, Japan). Controls were individually matched to cases in two Canadian centres, France, Israel, Japan, New 723 

Zealand, and UK North, while the other 9 centres used frequency matching. Matching variables were birth year 724 

(within 5-year categories), sex and study region; in Israel also ethnic origin. In total 14 354 controls were 725 

identified in the age range 30ï59 years, and 7658 participated in the interview (53%; range across centres 42ï726 

74%). In the overall pooled international analyses a post hoc matching was applied in centres with frequency 727 

matched controls, which, together with the more restricted age range, led to the exclusion of a large number of 728 

subjects from the international analyses. The numbers of cases and controls included in the analyses were 729 

additionally reduced because of restraints from the matching; the final numbers were 2708 glioma cases with 730 

2972 matched controls, 2409 meningioma cases with 2662 matched controls, and 1105 acoustic neuroma cases 731 

with 2145 matched controls. 732 

A detailed history of mobile phone use and potential confounding factors was collected through 733 

structured personal interviews using a computer assisted questionnaire. Proxies were interviewed for 734 

participants who had died or were too ill (13% of glioma, 2% of meningioma, 0.3% of acoustic neuroma cases, 735 

and 1% of controls). Participants were asked if they had used a mobile phone regularly, defined as on average at 736 

least once per week over a period of at least 6 months, and regular users were further asked about number and 737 

duration of calls, and type of phone (aided by show-cards) for each mobile phone used, or when changes of 738 

habits had occurred. Information about the preferred side of the head referred to current use, i.e. at the time of 739 

the interview. Regular mobile phone use was reported by 64% of glioma controls, 56% of meningioma controls 740 

and 61% of acoustic neuroma controls. All exposure variables except time since first use were censored at one 741 

year before the reference date (date of diagnosis for the case, and corresponding date for the matched controls). 742 

Cumulative number of calls and hours of use were categorized at the deciles of the distribution among the 743 

controls. Stratified analyses of cumulative hours of use were made according to time since first use (1ï4, 5ï9, 744 

10+ years). In these analyses, deciles were collapsed into 1
st
, 2ï5

th
, 6ï7

th
, 8ï9

th
, and the 10

th
 decile. 745 

Analyses were made with conditional logistic regression models, adjusted for education. Further 746 

adjustment for other potential confounding variables did not change risk estimates appreciably, and were not 747 

included in the final analyses. Formal tests of heterogeneity between study centres were conducted; no evidence 748 

of heterogeneity in effects across study centres was found. Generally, risk estimates were reduced below unity; 749 

regular mobile phone use Ó1 year was associated with an OR of 0.81 (95% CI 0.70ï0.94) for glioma, 0.79 (95% 750 

CI 0.68ï0.91) for meningioma, and 0.85 (95% CI 0.69ï1.04) for acoustic neuroma. For acoustic neuroma a 751 

latency period of Ó5 years was also applied in secondary analyses, which gave an OR of 0.95 (95% CI 0.77ï752 
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1.17). Risk estimates did not increase with increasing time since first use of mobile phones; Ó10 years since first 753 

use was associated with OR 0.98 (95% CI 0.76ï1.26) for glioma, 0.83 (95% CI 0.61ï1.14) for meningioma, and 754 

0.76 (95% CI 0.52ï1.11) for acoustic neuroma with a 1 year latency and 0.83 (95% CI 0.58ï1.19) with 5 years 755 

latency.  756 

For cumulative number of calls there were no increasing trends in risk estimates over the 10 exposure 757 

categories; most risk estimates were below unity and in the 10
th
 decile the OR was 0.96 (95% CI 0.71ï1.31) for 758 

glioma, 0.80 (95% CI 0.55ï1.17) for meningioma, 0.93 (95% CI 0.61ï1.41) for acoustic neuroma with 1 year 759 

latency and 1.55 (95% CI 0.84ï2.86) with 5 years (the OR in the 9
th
 decile with 5 year latency was 0.62; 95% CI 760 

0.34ï1.12). The only significantly increased risk estimate for cumulative number of calls was in the second 761 

decile for acoustic neuroma with 5 years latency (OR=2.32; 95% CI 1.39ï3.87).  762 

For cumulative hours of use the pattern was very similar, with the exception that there were raised 763 

ORs in the 10
th
 decile; for glioma 1.40 (95% CI 1.03ï1.89), for meningioma 1.15 (95% CI 0.81ï1.62), and for 764 

acoustic neuroma 1.32 (95% CI 0.88ï1.97) with 1 year latency and 2.79 (95% CI 1.51ï5.16) with 5 years, but 765 

again no upward trend in the 9 first deciles. For all three tumour types the 9
th
 decile had among the lowest ORs; 766 

0.71 (95% CI 0.53ï0.96) for glioma, 0.76 (95% CI 0.54ï1.08) for meningioma, 0.48 (95% CI 0.30ï0.78) for 767 

acoustic neuroma with 1 year latency, and 0.60 (95% CI 0.34ï1.06) with 5 years. The highest decile (Ó1640 h of 768 

use) included subjects who reported implausible number of hours of use, more common among cases than 769 

controls, e.g. 10 glioma cases and no controls reported Ó12 h of mobile phone use/day. Excluding subjects who 770 

reported >5 hours of use per day resulted in lower risk estimates; ORs for the 10
th
 decile of cumulative hours of 771 

use were reduced to 1.27 (95% CI 0.92ï1.75) for glioma, 1.02 (95% CI 0.70ï1.48) for meningioma, and 1.16 772 

(95% CI 0.75ï1.80) for acoustic neuroma. 773 

When analyses of cumulative hours of use were stratified according to time since first use, the risk 774 

estimates in the category Ó1640 h was highest for short-term users (1ï4 years prior to diagnosis) for glioma 775 

(OR= 3.77; 95% CI 1.25ï11.4) and meningioma (OR= 4.80; 95% CI 1.49ï15.4), but not for acoustic neuroma 776 

(OR= 0.63; 95% CI 0.14ï2.80). For long-term users (Ó10 years) in the 10
th
 decile, ORs were 1.34 (0.90ï2.01) 777 

for glioma, 0.95 (0.56ï1.63) for meningioma, and 1.93 (95% CI 1.10ï3.38) for acoustic neuroma (the OR in the 778 

second highest category of hours of use was 0.39; 95% CI 0.20ï0.74 for acoustic neuroma).  779 

Analyses were also made according to anatomic location of the tumour. Regular use of mobile 780 

phones were associated with an OR of 0.86 (95% CI 0.66ï1.13) for glioma in the temporal lobe, while the 781 

corresponding result for meningioma was 0.55 (95% CI 0.36ï0.82). In the top decile of cumulative hours of use 782 

the OR for a tumour in the temporal lobe was 1.87 (1.09ï3.22) for glioma and 0.94 (0.31ï2.86) for meningioma. 783 

Analyses according to laterality of phone use in relation to laterality of the tumour showed higher risk 784 

estimates for ipsilateral mobile phone use than for contralateral in virtually all exposure categories for glioma 785 

and meningioma; 14 out of 15 analyses showed a ratio of ipsi- to contralateral use above 1. For time since first 786 

use the highest ratio of ipsi- to contralateral use was in the category 1ï1.9 years of use for glioma and 2ï4 years 787 

for meningioma. For cumulative number of calls the ratio of ipsi- to contralateral use increased with increasing 788 

numbers of calls; however, risk estimates were considerably reduced for contralateral use. In the top decile of 789 

cumulative number of calls (Ó27 000 calls) the OR for ipsilateral use was 1.51 (95% CI 0.91ï2.51) for glioma 790 

and 1.01 (95% CI 0.56ï1.82) for meningioma, while the corresponding results for contralateral use was 0.61 791 

(95% CI 0.32ï1.18) and 0.66 (95% CI 0.30ï1.46), respectively. For cumulative hours of use, the highest ratio of 792 

ipsi- to contralateral use was found in the lowest exposure decile (<5 h). In the top decile (Ó1640 h) the OR for 793 

ipsilateral use was 1.96 (95% CI 1.22ï3.16) for glioma and 1.45 (95% CI 0.80ï2.61) for meningioma. The 794 

corresponding results for contralateral use were 1.25 (95% CI 0.64ï2.42) and 0.62 (95% CI 0.31ï1.25), 795 

respectively. [The higher risk estimates for ipsilateral use than contralateral in almost all exposure categories, 796 

also with very short durations and small amounts of use, and considerable risk reductions for contralateral use, 797 

indicate that recall bias may have affected casesô retrospective report of the preferred side of phone use.] 798 

For acoustic neuroma, risk estimates for contralateral mobile phone use were generally higher than 799 

for ipsilateral use, with the exception of the highest exposure categories. [Higher risk estimates for contralateral 800 

use are expected because the most common early symptom of acoustic neuroma is unilateral hearing loss and/or 801 

tinnitus, which can appear several years before the disease is eventually diagnosed. In Interphone 79% of 802 

acoustic neuroma cases and 25% of controls reported hearing problems. The majority of hearing problems 803 

occurred more than one year prior to diagnosis; 25% of cases had hearing problems that started more than 5 804 

years before diagnosis. Thus, many cases are likely to have changed the preferred side of phone use, or were 805 

affected by unilateral hearing loss already before becoming a mobile phone user, because of hearing problems 806 
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caused by the tumour, which would lead to apparently higher risk estimates for contralateral use.] In the primary 807 

analyses with 1 year latency, the OR for regular mobile phone use was 0.77 (95% CI 0.59ï1.02) for ipsilateral 808 

use and 0.92 (95% CI 0.70ï1.22) for contralateral use. In the highest category of time since first use, Ó10 years, 809 

the OR was 1.18 (95% CI 0.69ï2.04) for ipsilateral use and 0.69 (95% CI 0.33ï1.42) for contralateral use. Also 810 

for cumulative hours of use and cumulative number of calls the ORs were generally higher for contralateral use, 811 

with the exception of the top exposure decile, where ORs were raised for ipsilateral use, and considerably 812 

reduced for contralateral use, e.g. for Ó1640 h of use the ipsilateral OR was 2.33 (95% CI 1.23ï4.40) and the 813 

contralateral OR=0.72 (95% CI 0.34ï1.53). [It is noteworthy that the question asked about side of phone use 814 

refers to current habits: ñWhen you use a mobile phone, do you generally use it on the right or left side of your 815 

head?ò with answer alternatives left, right and both sides. One would have expected that also cases who started 816 

to use a mobile phone Ó10 years before diagnosis or who had used a mobile phone Ó1640 h would have been 817 

affected by hearing problems prior to their acoustic neuroma diagnosis, causing a change of the side of phone 818 

use, which would have resulted in a reduced risk estimate for ipsilateral use and a raised estimate for 819 

contralateral use also among long-term users. The observed pattern of results clearly indicates an effect of 820 

reverse causation for short periods of use and small amounts (early tumour symptoms causing a change of the 821 

preferred side of use). Results for the longest period of use and top decile of amount of use are compatible with 822 

either recall bias or that cases with long term and/or heavy use are more prone to report the preferred side before 823 

any hearing problems had occurred than cases with shorter periods or smaller amounts of use.] 824 

[The strengths of the Interphone study are rapid case ascertainment, population-based controls (for 825 

the great majority of centres), large sample size, data collection through structured computer assisted personal 826 

interviews with well-trained interviewers to minimize potential interviewer bias, and careful validation and 827 

quantification of potential sources of bias. As in all case-control studies relying on retrospectively collected self-828 

reported information, exposure assessment has limitations, and exposure misclassification is likely to be 829 

substantial, and possibly affected by recall bias. Although the validation study found little difference between 830 

cases and controls in reporting of overall mobile phone use (Vrijheid et al., 2009a), there was a tendency among 831 

cases for an increasing overestimation of mobile phone use the further back in time the reporting referred to, 832 

which was not seen among controls. The validation study covered at the most four to six years of phone use, 833 

while the exposure estimation referred to well over 10 years and therefore the extent of exposure 834 

misclassification for the most distant exposure periods is unknown. Additional evidence of potential recall bias 835 

is the reports of implausible amounts of mobile phone use, more common among cases than controls. The shape 836 

of the exposure-response pattern for cumulative hours of use adds further indication of an effect from potential 837 

recall bias, with no raised risk estimates in the first 9 deciles of exposure, and a raised risk only in the 10
th
 838 

decile, and with the lowest risk estimates observed in the 9
th
 decile; for acoustic neuroma even an indication of a 839 

downward trend through the first 9 categories. Another limitation is the low response rates, especially among 840 

controls, which could have introduced selection bias. A validation study based on a non-responder questionnaire 841 

estimated that selection bias may have led to a downward bias of the risk estimates for regular use by 842 

approximately 10% for the most plausible scenarios (Vrijheid et al., 2009b). Most of the observed odds ratios in 843 

the Interphone study were below unity, and selection bias is a plausible explanation for part of this observation, 844 

but is unlikely to fully explain the risk reductions (Vrijheid et al., 2009b). Response rates varied considerably 845 

between study centres, between 42% and 74% among controls. Reduced risk estimates were, however, found 846 

also in centres with high response rates, and there was no correlation between level of risk reduction and 847 

participation rates.] 848 

Appendix 2 of the main Interphone study on glioma and meningioma (Interphone Study Group, 2010) 849 

presents analyses restricted to regular mobile phone users, i.e. where non-regular users are excluded and the 850 

lowest exposure categories are used as reference. These analyses were made post hoc in an attempt to adjust for 851 

potential selection bias caused by greater non-participation among controls, which may have led to a downward 852 

bias in the risk estimates. The analyses are based on the assumption that selection bias is the only reason for the 853 

reduced risk estimates observed, and that participation is not dependent on amount of mobile phone use. If these 854 

assumptions are incorrect, however, new bias may have been introduced, as are discussed in detail in Appendix 855 

2 of the paper. In these analyses, an increased risk of glioma was observed already within 5 years since start of 856 

mobile phone use (OR=1.68; 95% CI 1.16ï2.41). An alternative explanation for the strongly reduced risk 857 

estimates for glioma in the lowest exposure categories discussed in the paper is prodromal symptoms from the 858 

tumour making not yet diagnosed glioma cases less likely to take on a new habit like mobile phone use 859 

immediately prior to diagnosis. Restriction to regular users will in this situation introduce upward bias in the 860 

risk estimates. [An increased risk of glioma after less than 5 years of mobile phone use is incompatible with 861 

glioma incidence trends.] 862 
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Lahkola and co-workers conducted pooled analyses of glioma and meningioma using data from five 863 

North European Interphone study centres (Lahkola et al., 2007; 2008), based on a wider age-range (18ï69 years) 864 

and larger number of controls than in the main Interphone study. These analyses included approximately three 865 

times as many controls, and 45% more cases than was included from these centres in the main Interphone study. 866 

All five studies were population-based, and the analyses included in total 1496 glioma cases with 3134 controls 867 

frequency matched on age, sex, and geographic region, and 1204 meningioma cases with 2945 controls. 868 

Participation rates were 60% among glioma cases (range 37ï81% between countries), 74% among meningioma 869 

cases (range 71ï90%), and 50% among controls (range 42ï69%). Another difference compared to the main 870 

Interphone study was that an induction period of one year was used also in the definition of regular use, i.e. 871 

regular use was defined as at least one call per week during a period of at least six months disregarding the 12 872 

months immediately prior to diagnosis. Analyses were made with conditional regression analysis, conditioning 873 

on the variables used for frequency matching. Analyses of heterogeneity in results between study centres were 874 

conducted and no evidence of heterogeneity was found. Control of confounding from educational level, family 875 

history of glioma, previous radiation therapy to the head and neck region, neurofibromatosis or tuberous 876 

sclerosis did not appreciably change the results, and were not included in the final model. Exposure cutpoints for 877 

amount of phone use were determined by the distribution among the controls. Regular mobile phone use was 878 

associated with an OR of 0.78 (95% CI 0.68ï0.91) for glioma and 0.76 (95% CI 0.65ï0.89) for meningioma. No 879 

increased risk was observed in the highest category of time since first use. The OR in the highest decile of 880 

cumulative hours of use (>1475 h) was 1.13 (95% CI: 0.86ï1.48) for glioma and 1.13 (95% CI 0.82ï1.57) for 881 

meningioma. Results did not differ between men and women or between age groups. 882 

For glioma, analyses according to laterality of phone use in relation to laterality of the tumour showed 883 

generally higher ORs for ipsilateral use than for contralateral use in all exposure categories. For ipsilateral use 884 

ORs were around 1.1 for short- and intermediate-term use, and for Ó10 years since start of mobile phone use the 885 

OR was 1.39 (95% CI 1.01ï1.92). For contralateral use, ORs for short and intermediate-term use were around 886 

0.7, while for long-term use the OR was 0.98 (0.71ï1.37). [It is noteworthy that laterality specific ORs for Ó10 887 

years since first use were higher than the corresponding overall OR (which was 0.95) for both ipsi- and 888 

contralateral use, indicating that missing information about phone use laterality may have been more prevalent 889 

among controls.] For meningioma, risk estimates were also generally higher for ipsilateral use than for 890 

contralateral use, e.g. for ipsilateral regular use the OR was 0.81 (95% CI (0.66ï0.99), and for contralateral 891 

regular use it was 0.67 (95% CI 0.54ï0.83).  892 

No systematic differences between results for use of analogue and digital phones were found, neither 893 

for glioma nor meningioma.  894 

No analyses were presented according to lobe of the tumour. Lobe-specific results were only 895 

presented in a separate publication based on the Swedish Interphone data (Lönn et al., 2005), where no 896 

differences were found between lobes. [This study has the same strengths and limitations as the main Interphone 897 

study. An additional strength is that the study was made in countries with an early introduction and widespread 898 

use of mobile phones in the general population, and with a large number of long term users of analogue mobile 899 

phones which have higher output levels than later generations of mobile phones.] 900 

Schoemaker and colleagues presented results from pooled analyses of acoustic neuroma based on 901 

data from six North European Interphone study centres in five countries (Schoemaker et al., 2005), adding also 902 

the UK-North study centre to the studies included by Lahkola et al. described above (Lahkola et al., 2007; 903 

2008). As in the studies by Lahkola et al., a wider age-range and larger number of controls was included 904 

compared to the main Interphone study. Participation rates were 83% among cases (range between centres 69ï905 

91%) and 51% among controls (range 42ï69%). In total, 676 cases and 3546 controls were included in the 906 

analyses. Analyses were made as in the studies by Lahkola et al. described above. No evidence of heterogeneity 907 

in results between study centres was found. Regular mobile phone use was associated with an OR of 0.9 (95% 908 

CI 0.7ï1.1), and the risk estimate did not increase with increasing number of years since first use, nor with 909 

amount of use assessed as number of calls or number of hours of use. ORs for contralateral mobile phone use 910 

were slightly higher than for ipsilateral use in all exposure categories except the highest. The highest risk 911 

estimate was observed for a total duration of mobile phone use of 10 years or more (OR= 1.8; 95% CI 1.1ï3.1), 912 

while the OR for at least 10 years since first ipsilateral use was 1.3 (95% CI 0.8ï2.0). No differences were found 913 

between results for use of analogue phones and digital phones. 914 

Cardis and co-workers conducted a pooled analysis of case-control data on glioma and meningioma 915 

from 5 Interphone countries (Australia, Canada, France, Israel, and New Zealand) (Cardis et al., 2011a), 916 

including 808 (62%) glioma and 842 (70%) meningioma cases. All countries except Australia had individually 917 
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matched controls, but for this study controls were post-hoc matched to cases on age, sex, region of residence, 918 

and in Israel also country of birth, taking into consideration the timing of the interview. All controls were used 919 

for both glioma and meningioma, resulting in 1ï19 controls for glioma and 1ï23 controls for meningioma cases. 920 

The control participation rate was 53%. The tumour location was determined from MRI and CT scans by 921 

neuroradiologists who also estimated the tumour centre on a three-dimensional 1 cm x 1 cm x 1 cm grid. Scans 922 

were available for 59% of glioma and 51% of meningioma cases; for the remaining cases radiology reports were 923 

used to construct a tumour volume and a computer algorithm developed to estimate the tumour centre. Controls 924 

were given a fictive tumour location corresponding to that of their matched case. Information on mobile phone 925 

use and potential confounders was collected as described for the main Interphone study, and in addition RF 926 

exposure was assessed through estimates of the total RF dose at the tumour location. RF exposure during mobile 927 

phone use is highly localized, and reaches only a few centimetres into the brain (see Chapter 2), thus, estimating 928 

the RF dose at the tumour location would reduce exposure misclassification considerably. The total cumulative 929 

specific energy (TCSE) at the tumour location was estimated from the participantsô reported mobile phone use 930 

history and was based on network characteristics, frequency bands, communication systems, self-reported 931 

information about calling time, laterality of phone use, hands free devices, type of phones used, and frequency 932 

of use in urban and rural locations (Cardis et al., 2011b). Only the self-reported cumulative calling time and the 933 

tumour location were significant predictors of total RF dose (predicting 43% and 13% of the variability, 934 

respectively). The information needed to calculate TCSE was not available for all participants, and to allow 935 

comparability with the TCSE results, analyses of regular mobile phone use and cumulative call time were made 936 

for three different subgroups of cases and their matched controls; 1) all available cases (808 glioma, 842 937 

meningioma), 2) restricted to cases with information about TCSE with tumour centre estimated by 938 

neuroradiologists or from radiology reports (551 glioma, 675 meningioma), and 3) restricted only to cases with 939 

the tumour centre estimated by neuroradiologists from MRI and CT scans (326 glioma, 343 meningioma). 940 

Cumulative call time and TCSE were categorized into quintiles according to the distribution among regular user 941 

controls. For glioma, the highest quintile of cumulative call time (Ó735 h) was associated with an OR of 1.17 942 

(95% CI 0.88ï1.56) when all cases were included, while the ORs in the more restricted subgroups were 1.25 943 

(95% 0.88ï1.77) and 1.72 (95% CI 1.07ï2.77) in subgroup 2 and 3, respectively [indicating that the subgroups 944 

with information about tumour location were not entirely representative of all eligible cases]. Results of 945 

analyses of TCSE showed an OR in the highest quintile of 1.35 (95% CI 0.96ï1.90) for glioma in subgroup 2, 946 

and 1.66 (95% CI 1.03ï2.67) in subgroup 3. In a sensitivity analysis where information on tumour laterality was 947 

not included in the estimation of TCSE, to reduce potential recall bias, the OR was 1.23 (95% CI 0.89ï1.72) in 948 

subgroup 2 (this analysis was not made for subgroup 3). For meningioma, ORs in the highest quintile of 949 

cumulative call time were closer to unity, but were also higher in subgroup 2 and 3 than when all cases were 950 

included. Analyses of TCSE showed an OR in the highest exposure quintile of 0.90 (95% CI 0.66ï1.24) in 951 

subgroup 2, and 1.01 (95% CI 0.63ï1.62) in subgroup 3. In sensitivity analyses were tumour laterality was not 952 

included in estimation of TCSE the OR was 0.84 (95% CI 0.62ï1.15).  953 

Analyses of TCSE were also made according to exposure time windows, divided into <3 years, 3ï6 954 

years, and Ó7 years before diagnosis, using the same exposure cutpoints as in the overall analysis. This analysis 955 

was not made for cumulative call time. In the time window <3 years most ORs were below unity for both 956 

glioma and meningioma. For glioma, all ORs for the time window Ó7 years before diagnosis were above unity, 957 

with an OR in the highest exposure category of 1.91 (95% CI 1.05ï3.47). For meningioma, the OR for the 958 

highest exposure category in the Ó7 year time window was 2.01 (95% CI 1.03ï3.93) while ORs in the other 959 

exposure categories were at or below unity.  960 

[The assessment of the total RF dose at the tumour location was made to reduce non-differential 961 

exposure misclassification which would have been expected to result in stronger associations compared to 962 

results from using only self-reported call time, should there be a true risk increase associated with RF exposure. 963 

ORs based on TCSE were, however, essentially identical to ORs based solely on self-reported cumulative call 964 

time. Thus, it seems either that the estimated TCSE did not result in less exposure misclassification, or that RF 965 

exposure is not related to tumour risk, which is also noted by the authors. The estimated TCSE is heavily 966 

influenced by self-reported cumulative call time, and other factors seem to provide only minor contributions to 967 

the variability of the TCSE.  Thus, recall bias is a concern also in these analyses. The analyses of exposure time 968 

windows are not comparable to analyses previously presented in the overall Interphone study, as they include all 969 

subjects in all three exposure time windows, and in addition use different time categories (Interphone used 1ï4, 970 

5ï9, Ó10 years). Without a comparable analysis of cumulative call time, it is not possible to assess whether 971 

estimates of TCSE give different results, although it seems likely that an analysis of ñever regular useò for the 972 

time window Ó7 years, disregarding RF dose and restricted to the same subgroup as used in the time window 973 

analysis, would also have resulted in a significant risk increase. It is possible that the risk increase observed in 974 

this analysis is simply caused by the restriction of the analyses to a non-representative subgroup of cases. It is 975 
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noteworthy that the quintiles used in the analyses of TCSE do not correspond to 20% controls in each category; 976 

e.g. for glioma it varies between 18% and 24%.] 977 

Data from other national Interphone studies are essentially included in the main Interphone analysis, 978 

and results are well in line with those presented in the main study. These studies are therefore not presented in 979 

detail here. 980 

Other brain tumour studies 981 

A register-based case-control study was conducted in Finland by Auvinen and co-workers (2002). All 982 

patients diagnosed with brain tumours in 1996 aged 20 to 69 years were ascertained from the national Cancer 983 

Registry and 5 age- and sex-matched controls per case were selected from the national population registry. In 984 

total, 198 glioma and 129 meningioma cases were identified. Four controls were excluded because of a previous 985 

brain tumour diagnosis. Information about start- and end date of mobile phone subscriptions, and type of 986 

network, was obtained from the mobile phone network providers.  The average duration of subscription was 2ï3 987 

years for analogue phones and less than 1 year for digital. There was no information available about the 988 

frequency or duration of calls or about use of cell phones provided by an employer. Conditional logistic 989 

regression was used for analyses. Adjustment for place of residence, occupation, and socioeconomic status did 990 

not change the results. The OR for brain tumours combined with ever-subscription was 1.3 (95% CI 0.9ï1.8); 991 

for glioma 1.5 (95% CI 1.0ï2.4), and meningioma 1.1 (95% CI 0.5ï2.4). Analogue phone use gave an OR of 2.1 992 

(95% CI 1.3ï3.4) for glioma and for digital phone use OR=1.0 (95% CI 0.5ï2.0). An increased risk of glioma 993 

was found already after 1-2 years duration of subscription to an analogue phone (OR=2.4; 95% CI 1.2ï5.1). 994 

Also for meningioma, the OR for analogue phone use was raised, although confidence intervals were wide 995 

(OR=1.5; 95% CI 0.6ï3.5), with the highest OR for <1 year subscription (OR=2.3; 95% CI 0.6ï9.2). Acoustic 996 

neuroma was not analysed separately. Exposed and unexposed glioma cases did not differ in terms of location of 997 

the tumour (lobe and laterality) or histologic type. [The strength of the exposure assessment method is that recall 998 

bias is avoided. Considering the low prevalence of mobile phone use in the population, misclassification of the 999 

exposure from lack of information about corporate subscriptions is likely to have a minimal effect on the risk 1000 

estimates. Limitations are the lack of information about amount of phone use, and the short duration of mobile 1001 

phone use in the population at the time of the study. An increased risk of glioma and meningioma after only up 1002 

to 2 years of exposure seems unlikely to be real, and chance is an alternative explanation.] 1003 

A hospital-based case-control study of cerebral glioma was conducted in six districts in Greece with 1004 

case recruitment between June 1, 2005 and May 31, 2007 (Gousias et al., 2009). Cases were ascertained from 1005 

the 7 hospitals in the study area, and were in the age range 22ï82 years. Two controls per case were recruited 1006 

among patients with cervical myelopathy or disk herniation that were treated at the neurosurgical department of 1007 

one of the hospitals, matched to cases on sex, age and district of residence. The case-control study included the 1008 

first 41 out of a total of 56 cases, and 82 controls. No information was given about non-participation, thus 1009 

participation rates cannot be calculated. Exposure information was collected through interviews. Mobile phone 1010 

use was measured crudely as ñminute-yearsò where the respondent was asked to multiply the number of minutes 1011 

talking on a mobile phone per day with the number of years of use. The exposure was used as a continuous 1012 

variable (minute-years) in the logistic regression analysis, which did not take the matching variables into 1013 

consideration, but was adjusted for alcohol consumption, smoking, and severe head trauma. No association with 1014 

mobile phone use was found (OR=1.00; 95% CI 0.99ï1.01). [The study is limited by the hospital-based design 1015 

with further limitation by possible non-comparability of populations in the catchment areas between the 1016 

hospitals used for recruitment of cases and the hospital used for controls. In addition, exposure assessment was 1017 

very crude, and numbers of subjects small.] 1018 

Spinelli and colleagues conducted a pilot hospital-based case-control study of brain tumours in two 1019 

districts in France, were eligible cases were 18 years or older and diagnosed with a primary malignant brain 1020 

tumour during 2005 (Spinelli et al., 2010). One control per case, matched on age and sex, was selected among 1021 

patients treated at the neurosurgery department for diseases unrelated to cancer at the same hospital as the case. 1022 

Exposure information was collected through a preliminary self-administered questionnaire and face-to-face 1023 

interviews at the hospitals. Unconditional logistic regression was used for analyses, adjusted for age and sex. In 1024 

total 122 (75%) cases and 122 controls (participation rate not given) participated in the study. Cumulative 1025 

mobile phone use was estimated through the number of hours of subscription per month times the number of 1026 

years of use, and categorized into four categories [the rationale for choice of cutpoints was not given]. 1027 

Malignant brain tumours were not associated with mobile phone use, the OR in the highest exposure category 1028 

Ó36 hour-years was 1.07 (95% CI 0.41-2.82). [The exposure definition is unclear; hours of subscription might 1029 
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mean hours included in the contract or actual hours used, which could make a large difference. Lack of 1030 

information about control participation rate, and the hospital based study design are other limitations.] 1031 

Corona and co-workers performed a hospital-based case-control study of acoustic neuroma in two 1032 

municipalities in Bahia, Brazil (Corona et al., 2012). The study was conducted between 2006 and 2010, and 85 1033 

patients Ó18 years diagnosed between 2000 and 2010 were identified in collaboration with otorhinolaryngology 1034 

and neurology clinics. Three control patients per case were selected from the same outpatient clinic as cases. 1035 

Controls were the first three patients who had sought care after the case for unilateral hearing loss or tinnitus, 1036 

and where a MRI scan excluded a tumour diagnosis, in total 181 controls. The reference date for controls was 1037 

the date of their MRI examination. Exposure information was collected through personal interviews or over the 1038 

telephone, with 44 cases (52%) and 104 controls (57%). The main reason for non-participation was inability to 1039 

locate the person because of outdated registry information, although refusal was more common among controls 1040 

than cases. Proxy respondents were used for 4 cases and 2 controls. Analyses were made with unconditional 1041 

logistic regression and included as covariates variables with pÒ0.20 in the univariate analyses (which variables 1042 

are not stated). Regular use (defined as at least once per week over a period of at least 6 months) was associated 1043 

with an OR for acoustic neuroma of 1.38 (95% CI 0.61ï3.14) compared with non-use/irregular use. For duration 1044 

of use Ó6 years the OR was 1.81 (95% CI 0.73ï4.47), with the cutoff at the median, with non-users as 1045 

comparison. In the highest category of amount of use the OR was 1.15 (95% CI 0.33ï4.08), reason for choice of 1046 

cutpoints not given. The OR for ipsilateral use was higher than for contralateral, the latter being considerably 1047 

below unity. Slightly higher risk estimates were reported for analogue phone use than for digital phones, 1048 

although none of the results were statistically significant. [The study is limited by the hospital-based design. 1049 

Another limitation is the poor participation rates among both cases and controls, caused by a long delay between 1050 

disease occurrence and recruitment, and the small number of subjects included. It is unclear how laterality of 1051 

phone use among controls was included in the analyses.] 1052 

A hospital-based case-control study of acoustic neuroma was conducted by Han and colleagues in 1053 

Pittsburg, USA (Han et al., 2012). Cases were patients who underwent Gamma Knife surgery at the University 1054 

of Pittsburgh Medical Center between 1997 and 2007. In total, 822 were identified (age-range not given), and 1055 

patients with neurofibromastosis Type 2 or living outside the North American continent were excluded from the 1056 

study. In total 712 cases were contacted for participation in the study. One control per case, matched on age and 1057 

sex, was identified from the outpatient degenerative spinal disorders service at the same medical centre, among 1058 

patients evaluated for cervical or lumbar spine disorders. Information about exposure was obtained through a 1059 

self-administered questionnaire, received by cases through mail, and answered by 420 patients (59%), either by 1060 

mail or over the telephone, whereas controls filled out the questionnaire while waiting for their outpatient 1061 

appointment. Information about number of contacted controls is lacking, thus, the participation rate cannot be 1062 

calculated for controls. Analyses included complete matched pairs, in total 343 case-control pairs, and were 1063 

made with conditional logistic regression, adjusting for race, education, cigarette smoking, alcohol consumption, 1064 

occupational exposure to noise, history of hay fever or diabetes, and family history of cancer. Regular mobile 1065 

phone use, defined as at least once per week during at least six months, was associated with an OR of 0.95 (95% 1066 

CI 0.58ï1.58), and the OR for more than 10 years of cell phone use was 1.29 (95% CI 0.69ï2.43), based on 92 1067 

exposed cases. Corresponding results for cordless phones were close to unity. The study did not investigate 1068 

amount of phone use. [The study is limited by the hospital-based design, the low participation rate among cases, 1069 

lack of information on control participation, and different procedures for data collection among cases and 1070 

controls, which may affect comparability of the information. A strength is the large sample size, with a large 1071 

number of long-term users, as well as comprehensive information on potential confounders. All included cases 1072 

went through stereotactic radiosurgery, thus, they are unlikely to be patients with early detected small tumours.] 1073 

Studies with uncertainties related to inclusion criteria 1074 

Warren and colleagues conducted a hospital based case-control study in the US primarily focused on 1075 

intratemporal facial nerve (IFN) tumours in relation to mobile phone use (Warren et al., 2003). Cases were 1076 

identified from the fiscal database at the authorsô academic, tertiary-care medical centre. The study included 51 1077 

18 cases of IFN. Controls were selected from the same database matched on age, sex and ethnicity, from three 1078 

patient groups: 1. rhinosinusitis, 2. dysphonia or gastroesophageal disease, 3. acoustic neuroma (as an 1079 

alternative case group with a tumour location assumed to be less exposed than the IFN tumours). In total 51 1080 

cases of acoustic neuroma and 141 other control patients were included. Risk factor information was collected 1081 

by telephone interview. Unconditional logistic regression was used for analysis, with no adjustment for potential 1082 

confounders. Analyses of acoustic neuroma risk in relation to mobile phone use were also made. For acoustic 1083 

neuroma ever use of a mobile phone was associated with an OR of 1.2 (95% CI 0.6-2.2), and use at least once 1084 

per week with an OR of 1.0 (95% CI 0.4-2.2). Corresponding results for cordless phone use was 0.8 (95% CI 1085 
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0.4-1.6) and 1.0 (95% CI 0.5-2.0). [Response rates are not stated and it is not clear how many subjects were 1086 

excluded for various reasons. Acoustic neuroma patients selected were matched to IFN cases, and it is not clear 1087 

if other acoustic neuroma cases would have been eligible if the study had been focused on acoustic neuroma. 1088 

The study is given little weight in the overall assessment, and is not included in the table]. 1089 

Table 12.1.2. Case-control studies of mobile phone use and brain tumours ï Time since first use 

Country 

Time period 

Age range 

No. cases/controls 

Source of controls 

Exposure  No. exp 
cases 

Relative risk 
(95% CI) 

Comments Reference 

Sweden 

1994-1996 

20-80 

Brain tumours 

209/425 matched on 
sex, age, geographic 
region.  
Population registry  

 

Malignant tumours 

136 cases 

Meningioma 

46 cases 

Acoustic neuroma 

13 cases 

Mobile phone use  

>1 year 

>5 years 

>10 years 

 

Time since first use 

>1 year 

Time since first use 

>1 year 

Time since first use 

>1 year 

 

78 

34 

16 

 

 

53 

 

16 

 

  5 

 

0.98 (0.69-1.41) 

0.83 (0.49-1.42) 

1.20 (0.56-2.59) 

 

 

0.98 (0.63-1.50) 

 

1.05 (0.49-2.27) 

 

0.78 (0.14-4.20) 

In total at least 8 h mobile 
phone use was required to be 
defined as mobile phone user. 

Exposure categories for no. of 
years overlap. 

Matched analyses, no additional 
adjustment. 

Hardell et al. 
(1999) 

Sweden 

1997-2000 

20-80 

Brain tumours 

1429/1470 matched 
on age, sex and 
region 

Population registry  

 

 

 

 

 

Mobile phone use, 
analogue 

>1 year 

>5 years 

>10 years 

Mobile phone use, digital 

>1 year 

>5 years 

Cordless phone use 

>1 year 

>5 years 

 

 

188 

120 

  46 

 

224 

  33 

 

238 

102 

 

 

1.3 (1.02-1.6) 

1.4 (1.04-1.8) 

1.8 (1.1-2.9) 

 

1.0 (0.8-1.2) 

0.9 (0.6-1.5) 

 

1.0 (0.8-1.2) 

1.3 (0.99-1.8) 

Definition of ñuserò did not 
require a minimal amount of 
use.  

Exposure categories for no. of 
years overlap in most analyses 
(except for acoustic neuroma, 
where non-overlapping 
estimates could be calculated 
from the tables). 

Matched analyses, no additional 
adjustment. 

 

Hardell et al. 
(2002; 2002) 

 Malignant brain 
tumours 

588 cases 

Mobile phone use, 
analogue 

>1 year 

>1-6 years 

>6 years 

Mobile phone use, digital 

>1 year 

>1-6 years 

>6 years 

Cordless phone use 

>1 year 

>1-6 years 

>6 years 

 

 

  79 

  36 

  43 

 

112 

100 

  12 

 

104 

  68 

  36 

 

 

1.13 (0.82-1.57) 

1.09 (0.68-1.75) 

1.17 (0.75-1.81) 

 

1.13 (0.86-1.48) 

1.08 (0.81-1.43) 

1.71 (0.67-4.34) 

 

1.13 (0.85-1.50) 

0.97 (0.69-1.36) 

1.56 (0.92-2.63) 

High reported participation 
rates, but not calculated 
according to conventional 
standards for cases. 

No rationale given for choice of 
6 years as cutpoint for analyses 
of malignant tumours. 

 

 

 

 Meningioma 

611 cases 

Mobile phone use, 
analogue 

>1 year 

Mobile phone use, digital 

>1 year 

Cordless phone use 

>1 year 

 

 
  60 

 

  78 

 

  90 

 

 
1.1 (0.7-1.5) 

 

0.8 (0.6-1.03) 

 

0.9 (0.6-1.1) 
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 Acoustic neuroma 

159 cases 

Mobile phone use, 
analogue 

>1 year 

>1-5 year 

>5-10 years 

>10 years 

Mobile phone use, digital 

>1 year 

>1-5 years 

>5 years 

Cordless phone use 

>1 year 

 

 
  38 

  12 

  19 

   7 

 

  23 

  21 

   2 

 

  11 

 

 
3.5 (1.8-6.8) 

3.0 (1.0-9.3) 

3.8 (1.4-10.2) 

3.5 (0.7-16.8) 

 

1.2 (0.7-2.2) 

1.2 (0.6-2.2) 

2.0 (0.2-22.1) 

 

1.8 (0.7-5.0) 

  

Sweden 

2000-2003 

20-80 

Malignant brain 
tumours 

359/692 matched on 
age 

Population registry 

Mobile phone use, 
analogue 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

Mobile phone use, digital 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

Cordless phone use 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

 

  
 68 

   0 

  20 

  48 

 

198 

100 

  79 

  19 

 

171 

  83 

  58 

  30 

 

 
2.6 (1.5-4.3) 

- 

1.8 (0.9-3.5) 

3.5 (2.0-6.4) 

 

1.9 (1.3-2.7) 

1.6 (1.1-2.4) 

2.2 (1.4-3.4) 

3.6 (1.7-7.5) 

 

2.1 (1.4-3.0) 

1.8 (1.2-2.8) 

2.1 (1.3-3.4) 

2.9 (1.6-5.2) 

Definition of ñuserò did not 
require a minimal amount of 
use. 

Unmatched analyses, adjusted 
for age, sex, SES, year of 
diagnosis. 

High reported participation 
rates, but not calculated 
according to conventional 
standards for cases. 

 

Hardell et al. 
(2005a; 2006c) 

 Meningioma 

305/692 

Mobile phone use, 
analogue 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

Mobile phone use, digital 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

Cordless phone use 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

 

 
  35 

   1 

  14 

  20 

 

151 

  96 

  47 

   8 

 

140 

  81 

  40 

  19 

 

 

1.7 (0.97-3.0) 

1.2 (0.1-12) 

1.4 (0.7-2.8) 

2.1 (1.1-4.3) 

 

1.3 (0.9-1.9) 

1.2 (0.8-1.8) 

1.4 (0.9-2.3) 

1.5 (0.6-3.9) 

 

1.3 (0.9-1.9) 

1.3 (0.9-1.9) 

1.1 (0.7-1.8) 

1.9 (0.97-3.6) 
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 Acoustic neuroma 

84/692 

Mobile phone use, 
analogue 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

Mobile phone use, digital 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

Cordless phone use 

>1 year 

>1-5 years 

>5-10 years 

>10 years 

 

  20 

   2 

  11 

   7 

 

  53 

  29 

  23 

   1 

 

  45 

  31 

  13 

   1 

 

4.2 (1.8-10) 

9.9 (1.4-69) 

5.1 (1.9-14) 

2.6 (0.9-8.0) 

 

2.0 (1.05-3.8) 

1.7 (0.9-3.5) 

2.7 (1.3-5.7) 

0.8 (0.1-6.7) 

 

1.5 (0.8-2.9) 

1.8 (0.9-3.6) 

1.4 (0.6-3.2) 

0.3 (0.03-2.2) 

  

Sweden 

2007-2009 

18-75 

Malignant brain 
tumours 

593/1368 matched on 
age, sex, and 
geographic region of 
residence 

Mobile phone use, 
analogue 

>1 year 

>1-5 years 

>5-10 years 

>10-15 years 

>15-20 years 

>20-25 years 

>25 years 

Mobile phone use, digital 

>1 year 

>1-5 years 

>5-10 years 

>10-15 years 

>15-20 years 

>20-25 years 

>25 years 

Cordless phone use 

>1 year 

>1-5 years 

>5-10 years 

>10-15 years 

>15-20 years 

>20-25 years 

>25 years 

 

144 

    0 

    2 

  25 

  39 

  48 

  30 

 

546 

  42 

213 

187 

104 

    0 

    0 

 

461 

102 

188 

108 

  57 

    6 

    0 

 

1.8 (1.04-3.3) 

- 

0.6 (0.1-3.1) 

1.4 (0.7-3.0) 

1.4 (0.7-2.7) 

2.1 (1.1-4.0) 

3.3 (1.6-6.9) 

 

1.6 (0.996-2.7) 

1.8 (1.01-3.4) 

1.6 (0.97-2.7) 

1.3 (0.8-2.2) 

2.1 (1.2-3.6) 

- 

- 

 

1.7 (1.1-2.9) 

2.0 (1.1-3.4) 

1.6 (0.95-2.7) 

1.6 (0.9-2.8) 

2.1 (1.2-3.8) 

1.5 (0.5-4.6) 

- 

Definition of ñuserò did not 
require a minimal amount of 
mobile phone use, but in total at 
least 39 h of any type of 
wireless phone use. 

Unmatched analyses, adjusted 
for age, sex, SES, year of 
diagnosis. 

Participation rate among 
malignant brain tumour cases 
45%, benign 81%, controls 
85%. 

Results for acoustic neuroma 
only reported pooled with 
previous material. 

Hardell et al.  
(2013a; b) 
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 Meningioma 

709/1368 

Mobile phone use, 
analogue 

>1 year 

>1-5 years 

>5-10 years 

>10-15 years 

>15-20 years 

>20-25 years 

>25 years 

Mobile phone use, digital 

>1 year 

>1-5 years 

>5-10 years 

>10-15 years 

>15-20 years 

>20-25 years 

>25 years 

Cordless phone use 

>1 year 

>1-5 years 

>5-10 years 

>10-15 years 

>15-20 years 

>20-25 years 

>25 years 

 

 
108 

    0 

    3 

  21 

  39 

  29   

  16 

 

593 

  70 

236 

212 

  75 

    0 

    0 

 

522 

109 

217 

128 

  61 

    7 

    0 

 

 
0.9 (0.6-1.5) 

- 

0.5 (0.1-2.1) 

0.8 (0.4-1.6) 

1.1 (0.6-1.9) 

0.9 (0.5-1.5) 

1.3 (0.6-2.8) 

 

1.0 (0.7-1.4) 

1.1 (0.7-1.7) 

0.9 (0.7-1.4) 

1.0 (0.7-1.5) 

1.0 (0.6-1.5) 

- 

- 

 

1.1 (0.8-1.5) 

1.0 (0.7-1.5) 

1.0 (0.7-1.5) 

1.1 (0.8-1.7) 

1.2 (0.7-1.8) 

1.3 (0.5-3.4) 

- 

 Carlberg et al. 
(2013) 

US 

1994-1998 

18-80 

 

 

 

 

 

1997-1999 

18+ 

Malignant brain 
tumours 

469/422  matched on 
age, sex, race and 
month of admission 

Hospital-based 

 

 

 

Acoustic neuroma 

90/86 

Regular mobile phone use 

Never 

Ever 

No. of years 

1 year 

2-3 years 

Ó4 years 

 

No. of years 

0 

1-2 

3-6 

 

403 

  66 

 

  21 

  28 

  17 

 

  

  72 

    7 

  11 

 

1.0 

0.8 (0.6-1.1) 

 

0.7 (0.4-1.3) 

1.1 (0.6-2.0) 

0.7 (0.4-1.4) 

 

 

1.0 

0.5 (0.2-1.3) 

1.7 (0.5-5.1) 

Regular defined as having a 
mobile phone subscription. 

Unmatched analyses adjusted 
for age, education, sex, race, 
study centre, occupation, date 
of interview, proxy subject. 

Muscat et al. 
(2000) 

 

 

 

 

 

 

Muscat et al. 
(2002) 
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US 

1994-1998 

18+ 

 

Glioma 

486 

798 controls 
frequency matched on 
age, sex, race, 
hospital, proximity of 
residence to hospital 

Hospital-based 

 

 

Meningioma 

197 

 

 

 

 

 

 

 

Acoustic neuroma 

96 

Regular mobile phone use 

No use 

Ever 

Duration of regular use 

Never or rarely 

<0.5 years 

0.5-<3 years 

Ó3 years 

 

Regular mobile phone use 

No use 

Ever 

Duration of regular use 

Never or rarely 

<0.5 years 

0.5-<3 years 

Ó3 years 

 

Regular mobile phone use 

No use 

Ever 

Duration of regular use 

Never or rarely 

<0.5 years 

0.5-<3 years 

Ó3 years 

 

285 

  85 

 

398 

  24 

  31 

  30 

 

130 

  32 

 

165 

    6 

  12 

  14 

 

 

 

  56 

  22 

 

  74 

    4 

    8 

  10 

 

1.0 

0.8 (0.6-1.2) 

 

1.0 

0.6 (0.3-1.1) 

0.9 (0.5-1.6) 

0.9 (0.5-1.5) 

 

1.0 

0.8 (0.4-1.3) 

 

1.0 

0.5 (0.2-1.4) 

0.8 (0.4-1.9) 

1.1 (0.5-2.5) 

 

 

 

1.0 

1.0 (0.5-1.9) 

 

1.0 

0.3 (0.1-1.3) 

1.8 (0.7-4.5) 

1.4 (0.6-3.4) 

Regular use defined as Ó2 
calls/week. 

Conditional logistic regression 
adjusted for matching variables 
and date of interview, type of 
respondent, education, 
household income, type of 
health coverage, marital status, 
religion, radiotherapy to the 
head or neck, handedness. 

Inskip et al. 
(2001) 

Interphone 

13 countries 

2000-2004 

30-59 

Glioma 

2708/2972 matched 
on birth year, sex, 
geographic region  

Population-based 

 

 

 

 

 

Meningioma 

2409/2662 matched 
on birth year, sex, 
geographic region  

Population-based 

 

 

 

 

 

Acoustic neuroma 

1105/2145 matched 
on birth year, sex, 
geographic region 

Population-based  

 

 

 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular 
use 

1-1.9 years 

2-4 years 

5-9 years 

Ó10 years 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular 
use 

1-1.9 

2-4 years 

5-9 years 

Ó10 years 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular 
use 

1-1.9 

2-4 years 

5-9 years 

Ó10 years 

 

1042 

1666 

 

 

156 

644 

614 

252 

 

 

1147 

1262 

 

178 

557 

417 

110 

 

 

462 

643 

 

 
63 

276 

236 

68 

 

1.0 

0.81 (0.70-0.94) 

 

 

0.62 (0.46-0.81) 

0.84 (0.70-1.00) 

0.81 (0.60-0.97) 

0.98 (0.76-1.26) 

 

 

1.0 

0.79 (0.68-0.91) 

 

0.90 (0.68-1.18) 

0.77 (0.65-0.92) 

0.76 (0.63-0.93) 

0.83 (0.61-1.14) 

 

 

1.0 

0.85 (0.69-1.04) 

 

 
0.73 (0.49-1.09) 

0.87 (0.69-1.10) 

0.90 (0.69-1.16) 

0.76 (0.52-1.11) 

Regular use defined as at least 
one call per week over a period 
of at least six months. 

Conditional logistic regression 
analyses adjusted for education. 
Other variables did not change 
risk estimates (socio-
demographic factors, 
occupational EMF exposure and 
ionizing radiation, medical 
history, medical ionizing and 
non-ionizing radiation exposure 
and smoking). 

No evidence of heterogeneity in 
results between study centres 
was found. 

Interphone 
study group 
(2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interphone 
study group 
(2011) 
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Nordic-UK 
Interphone 
centres 

2000-2004 

18-69 

Glioma 

1496/3134 frequency 
matched on birth 
year, sex, geographic 
region  

Population-based 

 

 

 

Meningioma 

1204/2945 frequency 
matched on birth 
year, sex, geographic 
region  

Population-based 

 

 

 

Acoustic neuroma 

676/3546 frequency 
matched on birth 
year, sex, geographic 
region 

Population-based  

 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular 
use 

1.5-4 years 

5-9 years 

Ó10 years 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular 
use 

1.5-4 years 

5-9 years 

Ó10 years 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular 
use 

1.5-4 years 

5-9 years 

Ó10 years 

 

629 

867 

 

 
384 

342 

143 

 

 

631 

573 

 

 
286 

214 

  73 

 

 

316 

360 

 

 
174 

139 

  47 

 

1.0 

0.78 (0.68-0.91) 

 

 
0.77 (0.65-0.92) 

0.75 (0.62-0.90) 

0.95 (0.74-1.23) 

 

 

1.0 

0.76 (0.65-0.89) 

 

 
0.72 (0.60-0.86) 

0.78 (0.64-0.96) 

0.91 (0.67-1.25) 

 

 

1.0 

0.9 (0.7-1.1) 

 

 
0.8 (0.7-1.0) 

0.9 (0.7-1.2) 

1.0 (0.7-1.5) 

Regular use defined as at least 
one call per week over a period 
of at least six months. 

Includes a wider age-range than 
Interphone core protocol, 
frequency matching results in a 
larger number of controls. 

Glioma and meningioma 
analyses includes Nordic 
countries and UK South, 
acoustic neuroma analyses 
includes also UK North. 

Conditional regression analysis, 
conditioning on frequency 
matching variables. Adjustment 
for educational level, family 
history of glioma, radiation 
therapy to the head and neck, 
neurofibromatosis or tuberous 
sclerosis did not change the 
results. 

No evidence of heterogeneity in 
results between study centres 
was found. 

Lahkola et al. 
(2007) 

 

 

 

 

 

 

 

 

Lahkola et al. 
(2007; 2008) 

 

 

 

 

 

 

 

Schoemaker et 
al.  (2005) 

Finland 

1996 

20-69 

Glioma 

198/989 matched on 
age and sex  

Register-based, 
subscriptions. 

 

 

Meningioma 

129/643 

Register-based, 
subscriptions. 

Subscription 

Ever 

No. or years 

<1 

1-2 

>2 

 

Subscription 

Ever 

No. or years 

<1 

1-2 

>2 

 

? 

 

? 

? 

? 

 

 

? 

 

? 

? 

? 

 

1.5 (1.0-2.4) 

 

1.2 (0.5-3.0) 

1.6 (0.8-2.9) 

1.7 (0.9-3.5) 

 

 

1.1 (0.5-2.4) 

 

1.5 (0.5-4.6) 

1.2 (0.4-3.6) 

0.8 (0.2-3.5) 

No. of cases and controls is 
only given for analogue and 
digital phones separately, may 
overlap. 

 

Conditional logistic regression 
analysis. Adjustment for place 
of residence, occupation, 
socioeconomic status did not 
change the results. 

Auvinen et al. 
(2002) 

Greece 

2005-2007 

Glioma 

41/82 matched on 
age, sex, district of 
residence 

Hospital-based 

Continuous variable 
Minute-years 

 

 

 

1.00 (0.99-1.01) 

Logistic regression analysis, did 
not take the matching variables 
into consideration, adjusted for 
alcohol consumption, smoking, 
severe head trauma. 

Gousias (2009) 

Brazil 

2006-2010 

18+ 

Acoustic neuroma 

44/104 

Hospital-based 

Regular mobile phone use 

Never 

Ever 

Duration of use 

No use 

<6 years 

Ó6 years 

 

  10 

  34 

 

    9 

  12 

  23 

 

1.0 

1.38 (0.61-3.14) 

 

1.0 

1.14 (0.42-3.08) 

1.81 (0.73-4.47) 

Regular use defined as at least 
one call per week over a period 
of at least six months. 

Unconditional logistic regression 
analysis, covariates were 
variables with pÒ0.20 in the 
univariate analyses (not stated 
which variables). 

Corona (2012) 



 30 

 1090 

Pittsburg, USA 

1997-2007 

age-range not 
given 

Acoustic neuroma 

343/343 matched on 
age and sex 

Hospital based 

Regular mobile phone use 

Never 

Ever 

Years of mobile phone 
use 

<10 years 

Ó10 years 

Cordless phone use 

Never 

Ever 

Years of cordless phone 
use 

<10 years 

Ó10 years 

 

140 

203 

 

 
111 

  92 

 

  76 

267 

 

 
197 

  70 

 

1.0 

0.95 (0.58-1.58) 

 

 
0.79 (0.45-1.37) 

1.29 (0.69-2.43) 

 

1.0 

0.93 (0.53-1.63) 

 

 
0.91 (0.52-1.60) 

1.07 (0.51-2.24) 

Regular use defined as at least 
one call per week over a period 
of at least six months. 

Low participation rate among 
cases, no information given for 
controls. 

Conditional logistic regression 
analysis adjusted for race, 
education, residency, smoking, 
alcohol, occupational exposure 
to noise, hay fever, diabetes, 
family history of cancer. 

Han et al. 
(2012) 

Table 12.1.3. Case-control studies of mobile phone use and brain tumours ï Amount of phone use 

Country 

Time period 

Age range 

Diagnosis Exposure  No. exp 
cases 

Relative risk 
(95% CI) 

Comments Reference 

Sweden 

1994-1996 

20-80 

Brain tumours 

Not reported for 
specific types of 
brain tumours 

Mobile phone use  

<136 h 

>136 h 

 

  38 

  40 

 

1.01 (0.64-1.58) 

0.96 (0.61-1.52) 

In total at least 8 h mobile 
phone use was required to be 
defined as mobile phone user. 

Hardell et al. 
(1999) 

Sweden 

1997-2000 

20-80 

Brain tumours 

 

Mobile phone use, analogue 

Ò85 h 

>85 h 

Mobile phone use, digital 

Ò55 h 

>55 h 

Cordless phone use 

Ò183 h 

>183 h 

 

114 

  96 

 

165 

130 

 

136 

161 

 

1.3 (0.99-1.8) 

1.2 (0.9-1.6) 

 

1.0 (0.8-1.3) 

0.9 (0.7-1.2) 

 

0.9 (0.7-1.1) 

1.1 (0.9-1.4) 

Amount of use not reported for 
specific types of brain tumours. 

Definition of ñuserò did not 
require a minimal amount of 
use. 

Hardell et al. 
(2002) 

Sweden 

2000-2003 

20-80 

Malignant brain 
tumours 

 

 

 

 

 

 

 

Meningioma 

 

 

 

 

 

 

 

 

Acoustic neuroma 

Mobile phone use, analogue 

Ò80 h 

>80 h 

Mobile phone use, digital 

Ò64 h 

>64 h 

Cordless phone use 

Ò243 h 

>243 h 

Mobile phone use, analogue 

Ò80 h 

>80 h 

Mobile phone use, digital 

Ò64 h 

>64 h 

Cordless phone use 

Ò243 h 

>243 h 

Mobile phone use, analogue 

Ò80 h 

>80 h 

Mobile phone use, digital 

 

  17 

  51 

 

  79 

119 

 

  81 

  90 

 

  15 

  20 

 

  77 

  74 

 

  59 

  81 

 

    7 

  13 

 

 

1.4 (0.7-2.8) 

4.0 (2.2-7.3) 

 

1.6 (1.1-2.4) 

2.4 (1.6-3.7) 

 

1.8 (1.2-2.8) 

2.4 ( 1.5-3.6) 

 

1.4 (0.7-2.7) 

2.2 (1.1-4.3) 

 

1.1 (0.8-1.7) 

1.7 (1.1-2.6) 

 

1.0 (0.7-1.6) 

1.7 (1.1-2.6) 

 

3.0 (1.1-8.6) 

6.0 (2.2-17) 

 

Definition of ñuserò did not 
require a minimal amount of 
use. 

 

Hardell et al. 
(2005a; 2006c) 
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Ò64 h 

>64 h 

Cordless phone use 

Ò243 h 

>243 h 

  23 

  30 

 

  21 

  24 

1.7 (0.8-3.4) 

2.5 (1.2-5.2) 

 

1.4 (0.7-2.9) 

1.7 (0.8-3.5) 

Sweden  

2007-2009 

18-75 

Malignant brain 
tumours 

Mobile phone use, analogue 

>39-405 h 

406-1091 h 

1092-2376 h 

>2376 h 

Mobile phone use, digital 

>39-405 h 

406-1091 h 

1092-2376 h 

>2376 h 

Cordless phone use 

>39-405 h 

406-1091 h 

1092-2376 h 

>2376 h 

 

  90 

  22 

  18 

  14 

 

202 

138 

  84 

122 

 

164 

120 

  98 

  79 

 

1.7 (0.9-3.0) 

1.6 (0.8-3.4) 

2.6 (1.2-6.0) 

7.7 (2.5-24) 

 

1.4 (0.8-2.3) 

1.9 (1.1-3.3) 

1.4 (0.8-2.5) 

3.2 (1.8-5.6) 

 

1.3 (0.8-2.2) 

1.7 (1.01-3.0) 

2.1 (1.2-3.7) 

3.1 (1.8-5.5) 

Definition of ñuserò did not 
require a minimal amount of 
mobile phone use, but in total at 
least 39 h of any type of 
wireless phone use. 

Categories according to 
quartiles of the distribution of 
any type of wireless phone use 
among controls. 

Hardell et 
al.(2013a) 

US 

1994-1998 

18-80 

 

 

1997-1999 

18+ 

Malignant brain 
tumours 

 

 

 

Acoustic neuroma 

Cumulative hours of use 

>0-Ò8.7  

>8.7-<60  

>60-Ò480  

>480  

Cumulative hours of use 

1-60  

>60  

 

  17 

  12 

  19 

  14 

   

    9 

    9 

 

1.0 (0.5-2.0) 

0.6 (0.3-1.3) 

0.9 (0.5-1.8) 

0.7 (0.3-1.4) 

 

0.9 (0.3-3.1) 

0.7 (0.2-2.6) 

ñRegular" defined as having a 
mobile phone subscription. 

Muscat et al. 
(2000) 

 

 

 

 

Muscat et al. 
(2002) 

US 

1994-1998 

18+ 

 

Glioma 

 

 

 

Meningioma 

 

 

 

Acoustic neuroma 

Cumulative hours of use 

<13  

13-100  

>100  

Cumulative hours of use 

<13  

13-100  

>100  

Cumulative hours of use 

<13  

13-100  

>100  

 

  26 

  26 

  32 

 

    8 

  13 

  11 

 

    5 

    8 

    9 

 

0.8 (0.4-1.4) 

0.7 (0.4-1.3) 

0.9 (0.5-1.6) 

 

0.7 (0.3-1.9) 

1.1 (0.5-2.4) 

0.7 (0.3ï1.7) 

 

0.7 (0.2-2.3) 

1.2 (0.5-3.1) 

1.4 (0.6-3.5) 

Regular use defined as Ó2 
calls/week. 

Inskip et al. 
(2001) 

Interphone 

13 countries 

2000-2004 

30-59 

Glioma 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cumulative hours of use 

<5h 

5-12.9 

13-30.9 

31-60.9 

61-114.9 

115-199.9 

200-359.9 

360-734.9 

735-1639.9 

>1640 

Cumulative number of calls 

<1.5 *100 calls 

1.5-3.4 

3.5-7.4 

 

141 

145 

189 

144 

171 

160 

158 

189 

159 

210 

 

147 

141 

161 

 

0.70 (0.52-0.94) 

0.71 (0.53-0.94) 

1.05 (0.79-1.38) 

0.74 (0.55-0.98) 

0.81 (0.61-1.08) 

0.73 (0.54-0.98) 

0.76 (0.57-1.01) 

0.82 (0.62-1.08) 

0.71 (0.53-0.96) 

1.40 (1.03-1.89) 

 

0.74 (0.55ï0.99) 

0.71 (0.54ï0.95) 

0.76 (0.58ï1.00) 

ñRegular useò defined as at 
least one call per week over a 
period of at least six months. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interphone 
study group, 
(2010) 
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Meningioma 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acoustic neuroma 

7.5-13.9 

14-25.4 

25.5-41.4 

41.5-67.9 

68-127.9 

128-269.9 

>270 

 

Cumulative hours of use 

<5h 

5-12.9 

13-30.9 

31-60.9 

61-114.9 

115-199.9 

200-359.9 

360-734.9 

735-1639.9 

>1640 

Cumulative number of calls 

<1.5 *100 calls 

1.5-3.4 

3.5-7.4 

7.5-13.9 

14-25.4 

25.5-41.4 

41.5-67.9 

68-127.9 

128-269.9 

>270 

 

Cumulative hours of use 

<5h 

5-12.9 

13-30.9 

31-60.9 

61-114.9 

115-199.9 

200-359.9 

360-734.9 

735-1639.9 

>1640 

Cumulative number of calls 

<1.5 *100 calls 

1.5-3.4 

3.5-7.4 

7.5-13.9 

14-25.4 

25.5-41.4 

41.5-67.9 

68-127.9 

128-269.9 

>270 

174 

180 

156 

163 

186 

193 

165 

 

 

160 

142 

144 

122 

129 

  96 

108 

123 

108 

130 

 

159 

136 

148 

143 

122 

111 

129 

134 

100 

  80 

 

 

58 

63 

80 

66 

74 

68 

50 

58 

49 

77 

 

59 

60 

73 

87 

79 

55 

50 

62 

56 

62 

0.90 (0.68ï1.20) 

0.78 (0.59ï1.02) 

0.83 (0.62ï1.10) 

0.71 (0.53ï0.94) 

0.93 (0.70ï1.23) 

0.96 (0.72ï1.28) 

0.96 (0.71ï1.31) 

 

 

0.90 (0.69-1.18) 

0.82 (0.61-1.10) 

0.69 (0.52-0.91) 

0.69 (0.51-0.94) 

0.75 (0.55-1.00) 

0.69 (0.50-0.96) 

0.71 (0.51-0.98) 

0.90 (0.66-1.23) 

0.76 (0.54-1.08) 

1.15 (0.81-1.62) 

 

0.95 (0.72-1.27) 

0.62 (0.46-0.83) 

0.90 (0.68-1.19) 

0.80 (0.61-1.07) 

0.60 (0.45-0.81) 

0.81 (0.58-1.13) 

0.79 (0.58-1.09) 

0.92 (0.67-1.26) 

0.81 (0.57-1.16) 

0.80 (0.55-1.17) 

 

 

0.77 (0.52-1.15) 

0.80 (0.54-1.18) 

1.04 (0.71-1.52) 

0.95 (0.63-1.42) 

0.96 (0.66-1.41) 

0.96 (0.65-1.42) 

0.60 (0.39-0.91) 

0.72 (0.48-1.09) 

0.48 (0.30-0.78) 

1.32 (0.88-1.97) 

 

0.76 (0.51-1.14) 

0.68 (0.45-1.03) 

1.11 (0.76-1.61) 

1.22 (0.84-1.77) 

1.11 (0.75-1.64) 

0.64 (0.42-0.98) 

0.74 (0.49-1.12) 

0.65 (0.43-0.98) 

0.67 (0.44-1.02) 

0.93 (0.611.41) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shown here are analyses using 
1 year latency for comparability. 
Paper presents also secondary 
analyses using 5 year latency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interphone 
study group 
(2011) 

Nordic-UK 
Interphone 
centres 

2000-2004 

Glioma 

 

 

Cumulative hours of use 

<125 h 

125-503 h 

 

368 

193 

 

0.75 (0.64-0.89) 

0.69 (0.55-0.85) 

 Lahkola et al. 
(2007) 
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18-69  

 

 

 

 

Meningioma 

 

 

 

 

 

 

 

Acoustic neuroma 

>503 h 

Cumulative number of calls 

<2172 

2172-7792 

>7792 

Cumulative hours of use 

<125 h 

125-514 h 

>514 h 

Cumulative number of calls 

<2195 

2195-7790 

>7790 

Cumulative hours of use 

<116h 

116-534 h 

>534 

Cumulative number of calls 

<2149 

2149-8000 

>8000 

262 

 

352 

205 

265 

 

278 

125 

140 

 

285 

130 

128 

 

168 

  89 

  94 

 

173 

  82 

  99 

0.90 (0.73-1.10) 

 

0.73 (0.62-0.87) 

0.74 (0.60-0.91) 

0.91 (0.74-1.12) 

 

0.68 (0.57-0.82) 

0.79 (0.62-1.02) 

0.88 (0.68-1.13) 

 

0.68 (0.57-0.82) 

0.86 (0.67-1.10) 

0.83 (0.64-1.07) 

 

0.9 (0.7-1.1) 

0.9 (0.7-1.2) 

0.9 (0.7-1.2) 

 

0.9 (0.7-1.1) 

0.8 (0.6-1.1) 

1.0 (0.7-1.3) 

 

 

 

 

 

 

Lahkola et al. 
(2008) 

 

 

 

 

 

 

 

Schoemaker et 
al. (2005) 

5 Interphone 
study centres: 
Australia, 
Canada, 
France, Israel, 
New Zealand  

2000-2004 

30-59 

Glioma 

 

 

 

 

 

 

Regular mobile phone use 

Never 

Ever 

Cumulative call time 

<13 h 

13-<61 

61-<200 

200-<735 

Ó735 

 

 266 

 542 

 

   69 

 103 

 110 

 123 

 137 

 

1.0 

0.92 (0.75-1.13) 

 

0.88 (0.63-1.24) 

0.93 (0.69-1.25) 

0.74 (0.55-0.99) 

0.94 (0.71-1.26) 

1.17 (0.88-1.56) 

Unconditional logistic regression 
analyses, stratified on age, sex 
and region, and adjusted for 
education and the interaction 
between study region and time 
period of interview (6-month 
intervals). 

For 59% of glioma cases the 
tumour location was determined 
by neuroradiologists from MRI 
and CT scans, for 41% it was 
estimated from radiological 
reports. 

Cardis et al. 
(2011a) 

 Glioma, subset with 
information on total 
cumulative specific 
energy (TCSE) 

Regular mobile phone use 

Never 

Ever 

Cumulative call time 

<13 h 

13-<61 

61-<200 

200-<735 

Ó735 

TCSE (joules/kg) 

<76.7 

76.7- 

284.1- 

978.9- 

Ó3123.9 

 

 196 

 355 

 

   44 

   68 

   63 

   90 

   90 

 

   67 

   68 

   60 

   57 

 103 

 

1.0 

0.93 (0.73-1.18) 

 

0.83 (0.55-1.26) 

0.93 (0.65-1.32) 

0.66 (0.46-0.96) 

1.07 (0.76-1.50) 

1.25 (0.88-1.77) 

 

0.76 (0.53-1.09) 

0.94 (0.66-1.35) 

0.80 (0.54-1.18) 

0.89 (0.61-1.30) 

1.35 (0.96-1.90) 

Total cumulative specific energy 
(TCSE) at tumour location 
estimated from self- reported 
mobile phone use history, 
based on network 
characteristics, frequency 
bands, communication systems, 
calling time, laterality of phone 
use, handsfree devices, type of 
phones used, and frequency of 
use in urban and rural locations. 

TCSE was only available for a 
subset of individuals, for 
comparability, results for 
cumulative call time is also 
given for this subset. 

For TCSE calculated without 
consideration of laterality of 
phone use the OR in the top 
category was 1.23 (0.89-1.72) 
for glioma. 

 

 Meningioma 

 

Regular mobile phone use 

Never 

Ever 

Cumulative call time 

<13 h 

13-<61 

61-<200 

200-<735 

 

 356 

 486 

 

 102 

 101 

   97 

   89 

 

1.0 

0.80 (0.66-0.96) 

 

0.86 (0.64-1.15) 

0.79 (0.60-1.04) 

0.71 (0.53-0.94) 

0.69 (0.51-0.93) 
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 1091 

Case-case studies 1092 

Radiofrequency exposure during mobile phone use is highly localized, and declines rapidly with 1093 

distance to the exposure source. The energy absorption reaches only a few centimetres into the brain (see 1094 

Chapter 2). This means that tumours in mobile phone users, if caused by the radiofrequency exposure, would be 1095 

expected to more often be located closer to the exposure source than tumours in patients who are not mobile 1096 

phone users. Three case-case studies have been conducted to test this hypothesis. 1097 

A case-case study of mobile phone use and the risk of acoustic neuroma was conducted in Japan 1098 

(Sato et al., 2011). In total, 1589 cases were identified between 2000 and 2006, from 22 consenting hospitals in 1099 

Japan out of 68 contacted. Exposure information was collected through a self-administered postal questionnaire, 1100 

answered by 800 cases (51%), of whom 787 had a unilateral tumour with known tumour location. Analyses 1101 

were made with reference dates at 1 and 5 years before diagnosis, and were restricted to regular mobile phone 1102 

users (at least once per week during >6 months) who used the mobile phone on one preferred side the head, and 1103 

had no symptoms of the tumour at the reference date. In analyses with one year latency, 180 cases were 1104 

included, and with five years 150 cases. Case-case analyses were made according to a method described by 1105 

Inskip and colleagues, where mobile phone use laterality was related to tumour laterality (Inskip et al., 2001). 1106 

The overall risk ratio for regular mobile phone use with one year latency was 1.08 (95 % CI 0.93ï1.28) and with 1107 

5 years latency 1.14 (95% CI 0.96ï1.40). Average call duration >20 minutes/day (heavy use) was associated 1108 

with a risk ratio of 2.74 (95 % CI 1.18ï7.85) with one year latency and 3.08 (95 % CI 1.47ï7.41) with five 1109 

years. Risk ratios for 10ï20 minutes/day was 0.82 (95% CI 0.65ï1.19) with one year latency and 0.84 (95% CI 1110 

0.62ï1.44) with five years. Among heavy users, the tumour diameter tended to be smaller in cases with 1111 

ipsilateral use than contralateral use, a pattern that was not seen among patients with smaller amounts of use. [A 1112 

case-case design prevents selection bias caused by non-participation among controls, but cannot prevent 1113 

selection bias caused by earlier detection of the tumour. As noted by the authors, hearing loss is a common early 1114 

symptom of acoustic neuroma and may lead to an earlier detection of tumours among heavy mobile phone users. 1115 

This may explain some of the risk increase observed among heavy users, an assumption supported by the 1116 

finding of smaller tumours in this group. In addition, recall bias will not be prevented by this type of case-case 1117 

design, as the self-reported side of mobile phone use was used in the analyses, but may be less severe than in a 1118 

case-control study. The study found some indication of recall bias in the reported side of mobile phone use, and 1119 

it is noteworthy that risk estimates of intermediate categories of amount of use were slightly reduced.] 1120 

Larjavaara and co-workers conducted a case-case study of glioma based on data from seven 1121 

Interphone study centres (Denmark, Finland, Norway, Sweden, UK-South, Italy, and Germany) (Larjavaara et 1122 

al., 2011b). In total 873 glioma cases were included. For each patient, neuroradiologists determined the 1123 

localization of the tumour mid-point on a three-dimensional 1 cm x 1 cm x 1 cm grid, by scrutinizing 1124 

radiological images, blind to casesô exposure status. Exposure was defined as the shortest distance between the 1125 

mid-point of the tumour and the typical location of a mobile phone during a phone call. To avoid recall bias, 1126 

self-reported laterality of phone use was not taken into consideration when calculating the distance. Case-case 1127 

analyses were made with unconditional logistic regression, using distance between the midpoint of the tumour 1128 

and the exposure source as a binary outcome: Ò5 cm and > 5 cm. Analyses were adjusted for age, sex, education 1129 

Ó735    97 1.01 (0.75-1.36) 

 Meningioma, subset 
with information on 
total cumulative 
specific energy 
(TCSE) 

Regular mobile phone use 

Never 

Ever 

Cumulative call time 

<13 h 

13-<61 

61-<200 

200-<735 

Ó735 

TCSE (joules/kg) 

<76.7 

76.7- 

284.1- 

978.9- 

Ó3123.9 

 

 294 

 381 

 

   80 

   82 

   73 

   67 

   79 

 

 103 

   71 

   56 

   62 

   88 

 

1.0 

0.77 (0.63-0.95) 

 

0.84 (0.60-1.16) 

0.80 (0.59-1.10) 

0.64 (0.46-0.89) 

0.63 (0.45-0.88) 

1.06 (0.75-1.48) 

 

0.90 (0.67-1.21) 

0.74 (0.53-1.04) 

0.56 (0.39-0.80) 

0.72 (0.51-1.02) 

0.90 (0.66-1.24) 

For 51% of meningioma cases 
the tumour location was 
determined by neuroradiologists 
from MRI and CT scans, for 
41% it was estimated from 
radiological reports. 
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and country. Exposure was estimated as regular use, cumulative call time (categorized according to tertiles), 1130 

laterality and duration of use in years (categorized as in previous studies based on the Nordic-UK Interphone 1131 

data). The reference category in all analyses was never regular use. In addition, analyses were performed using a 1132 

case-specular method, where the actual location of the tumour (case) was compared to a hypothetical location 1133 

(specular control). The hypothetical control location was determined by symmetrically reflecting the location of 1134 

the actual tumour site across the midpoint of the axial and coronal planes to obtain a mirror-image location, and 1135 

analyses were made with logistic regression conditioned upon matched sets (case and specular). The results 1136 

showed that tumours were equally distributed between the right and the left side of the head. No substantial 1137 

differences in the mean distance between exposure source and tumour location were observed between different 1138 

categories of mobile phone use. The distance was somewhat shorter for non-regular users and for contralateral 1139 

users, and longer for the highest category of cumulative hours of use and longest duration of use, although none 1140 

of the differences were statistically significant. The ORs for having a tumour located within five centimetres of 1141 

the exposure source were below unity for all categories of mobile phone use when compared to non-regular 1142 

users. For regular use the OR was 0.80 (95% CI 0.56ï1.15), for Ó10 years duration it was 0.85 (95% CI 0.39ï1143 

1.86), and for the highest tertile of cumulative hours of use 0.58 (95% CI 0.35ï0.96). In the case-specular 1144 

analysis most ORs for having a tumour within 5 centimetres of the exposure source were above unity, both 1145 

among regular users (OR= 1.19; 95% CI 0.89ï1.59) and non-regular users (OR= 1.30; 95% CI 0.95ï1.80). [This 1146 

case-case analysis minimizes recall bias, because the self-reported side of mobile phone use was not taken into 1147 

consideration when calculating the distance from the tumour location to the exposure source. Selection bias 1148 

caused by non-participation among controls is eliminated in this analysis, and for glioma it is unlikely that 1149 

mobile phone use will affect detection of the tumour. Defining exposed locations as within 5 centimetres from a 1150 

hypothetical exposure source may result in some exposure misclassification. The case-specular analysis is 1151 

complicated by the non-symmetrical distribution of glioma within the brain, which may explain ORs above 1152 

unity for both mobile phone users and for non-users.] 1153 

In the pooled analysis of case-control data on glioma and meningioma from 5 Interphone countries 1154 

made by Cardis and co-workers a case-case analysis was also conducted (Cardis et al., 2011a). In total, 556 1155 

glioma and 672 meningioma cases were included. The tumour location was determined from MRI and CT scans 1156 

by neuroradiologists who also estimated the tumour centre on a three-dimensional 1 cm x 1 cm x 1 cm grid. 1157 

Scans were available for 59% of glioma and 51% of meningioma cases; for the remaining cases radiology 1158 

reports were used to construct a tumour volume and a computer algorithm developed to estimate the tumour 1159 

centre. The outcome was defined as having a tumour located in the most exposed area of the head (the area 1160 

receiving 50% of the absorbed energy), not considering self-reported side of phone use. Controls were cases 1161 

with tumour locations outside this area. Mobile phone exposure was estimated as regular use, time since start of 1162 

use (categorized as 1ï4, 5-9, Ó10 years), and cumulative call time (categorized according to quintiles among 1163 

cases with tumours located outside the most exposed area). The reference category in all analyses was never 1164 

regular use. Regular mobile phone use was associated with an OR of 1.35 (95% CI 0.64ï2.87) for glioma and 1165 

0.74 (95% CI 0.49ï1.11) for meningioma. A raised OR was observed for glioma in the highest category of time 1166 

since first use (OR= 2.80; 95% CI 1.13ï6.94), but in the category 5ï9 years the OR was considerably reduced 1167 

(OR=0.72; 95% CI 0.27ï1.90). In the highest category of cumulative call time the OR was close to unity. For 1168 

meningioma, the ORs in the highest exposure categories of both time since first use and cumulative call time 1169 

were above unity but with wide confidence intervals. [The analyses were based on small numbers of exposed 1170 

subjects, and no consistent dose response patterns were observed. For a large proportion of cases the estimated 1171 

tumour centre was uncertain, which may have resulted in some exposure misclassification. A smaller proportion 1172 

of glioma cases were considered exposed in this study compared to the study by Larjavaara et al. discussed 1173 

above (8% compared to 23%), which may have reduced the statistical power and introduced exposure 1174 

misclassification considering that 50% of the energy was absorbed at locations that were considered unexposed.] 1175 

Table 12.1.4. Case-case studies of mobile phone use and brain tumours  

Country 

Time period 

Age range 

No. cases 

 

Exposure  No. exp 
cases 

Relative risk 
(95% CI) 

Comments Reference 
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Japan 

2000-2006 

All ages 

Acoustic neuroma 

787 cases 

Hospital-based 

One year latency 

Regular mobile phone use  

Years since start 

Ò5 

5-9 

>10 

Number of calls per day 

Ò1 

1-3 

3-5 

>5 

Average daily call duration 

Ò3 min 

3-10 min 

10-20 min 

>20 min 

 

180 

 

112 

  56 

  12 

   

  64 

  69 

  22 

  25 

 

  79 

  50 

  28 

  23 

 

1.08 (0.93-1.28) 

 

1.06 (0.88-1.31) 

1.05 (0.82-1.45) 

1.62 (0.79-4.77) 

 

1.24 (0.94-1.76) 

0.96 (0.79-1.24) 

1.21 (0.78-2.26) 

1.11 (0.77-1.87) 

 

1.18 (0.93-1.57) 

0.89 (0.72-1.21) 

0.82 (0.65-1.19) 

2.74 (1.18-7.85) 

 Sato et al. 
(2011) 

7 Interphone 
study centres: 
Denmark, 
Finland,   
Germany, 
Italy, Norway, 
Sweden, UK 
South 

2000-2004 

18-69 

Glioma 

873 cases 

Population based  

 

 

 

 

 

Regular mobile phone use 

Never 

Ever 

Cumulative call time 

0.001-46 h 

47-339 h 

>339 h 

Duration of use 

1.5-4 years 

5-9 years 

Ó10 years 

Laterality 

Ipsilateral 

Contralateral 

 

  91 

107 

 

  33 

  38 

  30 

 

  65 

  30 

  10 

 

  51 

  37 

 

1.0 

0.80 (0.56-1.15) 

 

0.82 (0.51-1.31) 

0.97 (0.60-1.56) 

0.58 (0.35-0.96) 

 

0.85 (0.57-1.25) 

0.71 (0.43-1.18) 

0.85 (0.39-1.86) 

 

0.80 (0.52-1.22) 

0.77 (0.47-1.24) 

Tumour location determined by 
neuroradiologists from MRI and 
CT scans. 

Odds ratio of a tumour location 
within 5 cm of the exposure 
source, not considering self-
reported side of phone use. 

Unconditional logistic regression 
adjusted for age,  sex, 
education, and country. 

23% of cases located within 5 
cm of exposure source. 

 

Larjavaara, et 
al. (2011b) 

5 Interphone 
study centres: 
Australia, 
Canada, 
France, Israel, 
New Zealand  

2000-2004 

30-59 

Glioma 

556 cases  

 

 

 

 

 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular use 

1-4 years 

5-9 years 

Ó10 years 

Cumulative call time 

<39 h 

39-<220 

220-<520 

520-<1147 

Ó1147 

 

  14 

  30 

 

  12 

    7 

  11 

 

   6 

   4 

   5 

  10 

   5 

 

1.0 

1.35 (0.64-2.87) 

 

1.37 (0.59-3.19) 

0.72 (0.27-1.90) 

2.80 (1.13-6.94) 

 

1.19 (0.40-3.51) 

0.93 (0.27-3.14) 

1.38 (0.42-4.53) 

2.55 (0.94-6.91) 

0.99 (0.30-3.27) 

For 59% of glioma cases the 
tumour location was determined 
by neuroradiologists from MRI 
and CT scans, for 41% it was 
estimated from radiological 
reports. 

Odds ratio of a tumour location 
in the area receiving 50% of the 
absorbed energy, not 
considering self-reported side of 
phone use. 

Unconditional logistic regression 
analyses, stratified on age, sex 
and region and adjusted for 
education and timing of 
interview. 

8% of glioma and 20% of 
meningioma were located in the 
most exposed area. 

Cardis et al. 
(2011a) 
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 1176 

Brain tumours in children 1177 

Currently, there is only one study available on mobile phone use and cancer risk in children. Aydin and 1178 

colleagues conducted a population-based case-control study of brain tumours among children aged 7ï19 years 1179 

in Denmark, Norway, Sweden and Switzerland (Aydin et al., 2011). Eligible cases were diagnosed with a 1180 

primary brain tumour during 2004ï2008. Cases were ascertained through pediatric, oncology, and neurosurgery 1181 

departments and/or from population-based cancer registries. All diagnoses were either histologically confirmed 1182 

or based on unequivocal diagnostic imaging. Two controls per case were randomly selected from population 1183 

registries, matched on age, sex, and geographic region. In total, 352 (83%) cases and 646 (71%) controls 1184 

participated in the study. Information about mobile phone use history and potential confounding factors were 1185 

collected through personal interviews with the child and at least one parent using a computer assisted 1186 

questionnaire. Regular use of a mobile phone was defined as at least one call per week over period of at least six 1187 

months. Exposure within six months of the diagnosis (or corresponding date for the matched controls) was not 1188 

taken into consideration. Analyses were made with conditional logistic regression, and apart from the matching 1189 

variables evaluation of confounding from a large number of potential risk factors were made, but as this did not 1190 

appreciably change the results they were not kept in the final model. For about one third of the participants 1191 

exposure information was available from mobile phone operators. Cumulative hours of phone use and number 1192 

of calls were categorized according to the median and 75
th
 percentile of the distribution among the controls. 1193 

For self-reported regular mobile phone use an OR of 1.36 (95% CI 0.92ï2.02) was found. Risk estimates 1194 

did not increase with increasing time since first use; the OR for >5 years since first use was 1.26 (95% CI 0.70ï1195 

2.28), and were not higher for ipsilateral mobile phone use than contralateral, or for tumours in the temporal 1196 

lobe compared to other locations. The ORs increased with increasing cumulative hours of use, but none of the 1197 

effect estimates were statistically significant; in the upper quartile the OR was 1.55 (95% CI 0.86ï2.82). No 1198 

consistent trend was seen for cumulative number of calls; the OR in the highest quartile was 1.42 (95% CI 0.79ï1199 

2.53). In the small subset with operator traffic data, an increased OR was observed in the upper quartile of time 1200 

since first subscription (OR=2.15; 95% CI 1.07ï4.29). No consistent trend was observed with operator-recorded 1201 

cumulative duration of calls, the OR in the upper quartile was 1.38 (95% CI 0.53ï3.61). A projected incidence 1202 

trend was calculated based on the assumption of an OR of 2.15 after three years of regular mobile phone use and 1203 

was found to be incompatible with the observed incidence trend among Swedish children 7ï19 years old 1204 

between 1990 and 2008. [The strengths of the study are rapid case ascertainment, population-based controls, and 1205 

data collection through structured computer-assisted personal interviews with well-trained interviewers. 1206 

Limitations are the use of retrospectively collected self-reported information about mobile phone use and 1207 

limited statistical power. The findings of non-significant effect estimates slightly above unity in most analyses 1208 

do not provide evidence against random variation as the explanation because the analyses are not independent; 1209 

all analyses include the same participants. If random variation affects the distribution between unexposed and 1210 

exposed, this will affect all analyses of specific indices of amount or duration of phone use. Use of operator-1211 

recorded traffic data is a strength, and is likely to reduce misclassification of exposure, but this information was 1212 

only available for a small non-random subset of the participants, which prevents causal interpretations, 1213 

especially in the light of incompatible incidence trends.] 1214 

  1215 

 Meningioma 

672 cases 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular use 

1-4 years 

5-9 years 

Ó10 years 

Cumulative call time 

<39 h 

39-<220 

220-<520 

520-<1147 

Ó1147 

 

  66 

  69 

 

  38 

  22 

    9 

 

  16 

  21 

    9 

  10 

  13 

 

1.0 

0.74 (0.49-1.11) 

 

0.67 (0.41-1.07) 

0.75 (0.42-1.34) 

1.34 (0.55-3.25) 

 

0.55 (0.29-1.02) 

0.93 (0.51-1.68) 

0.52 (0.23-1.14) 

0.67 (0.30-1.48) 

1.41 (0.66-3.02) 

For 51% of meningioma cases 
the tumour location was 
determined by neuroradiologists 
from MRI and CT scans, for 
41% it was estimated from 
radiological reports. 
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 1216 

 1217 

12.1.2.2 Salivary gland tumours 1218 

In total, six studies of salivary gland tumour risk in relation to mobile phone use have been 1219 

conducted, of which one was a cohort study and five case-control studies. 1220 

A Danish cohort study (Johansen et al., 2001) included 420 095 mobile phone subscribers. The cohort 1221 

includes only private subscribers; the approximately 200 000 corporate subscriptions could not be linked to a 1222 

person. A detailed description of the study design is given in the section about brain tumours (Page x). Briefly, 1223 

the cohort was followed from first subscription through 1996. Average follow-up time was 3.5 years. Cancer 1224 

incidence in the cohort was ascertained by linkage to the Danish Cancer Registry. Standardised incidence ratios 1225 

(SIR) were calculated comparing cancer incidence in mobile phone subscribers with national rates allowing for 1226 

sex, age and calendar period. In total, 7 cases of salivary gland tumours were identified in the subscriber cohort 1227 

during the study period, all males, resulting in a SIR of 0.78 (95% CI 0.31ï1.60) for men.  1228 

The Danish cohort study was updated by Schüz et al. (2006c) by extending the follow-up with an 1229 

additional 7 years, to December 31, 2002. In total, 26 cases of salivary gland tumours were identified during the 1230 

entire study period, including also the 7 cases identified in the first follow-up. All 26 cases were males. National 1231 

incidence rates used for comparison were calculated after exclusion of the exposed cohort. The SIR for ever 1232 

being a mobile phone subscriber was estimated at 0.86 (95% CI 0.56ï1.26) for men, and 0.00 (95% CI 0.00ï1233 

1.02) for women. No dose-response analyses of time since first subscription were made. The results provide no 1234 

evidence in support of the hypothesis that mobile phone use increases the risk of salivary gland cancer. 1235 

[The study has limited power to analyse such a rare disease as salivary gland cancer. The register-1236 

based design minimizes selection bias, and guarantees that exposure information is collected independent of the 1237 

disease, and does not need to rely on subjectsô ability to remember their mobile phone use. Using a subscription 1238 

as a proxy for mobile phone use results in non-differential misclassification of the exposure, since the actual 1239 

user of the phone is unknown. This error is, however, unlikely to be of any greater magnitude during these early 1240 

years of mobile telephony when mobile phone use was quite expensive. Not being able to include corporate 1241 

users also introduce exposure misclassification, as they are likely to be among the earliest and heaviest users of 1242 

mobile phones, which primarily weakens the statistical power of the study. However, the study covers a period 1243 

when mobile phones were still used by a small minority of the population and the resulting exposure 1244 

misclassification would have only a minor effect on the risk estimates.] 1245 

Auvinen and colleagues performed a case-control study of brain tumours and salivary gland cancer 1246 

nested within the Finnish population (Auvinen et al., 2002). Cases of salivary gland tumours in the age range 1247 

Table 12.1.5. Case-control studies of mobile phone use in children and brain tumours 

Country 

Time period 

Age range 

No. cases/controls 

Source of controls 

Exposure  No. exp 
cases 

Relative risk 
(95% CI) 

Comments Reference 

Denmark, 
Norway, 
Sweden, 
Switzerland 

2004-2008 

7-19 

Brain tumours 

352/646 matched on 
age, sex, geographic 
region.  
Population registry  

 

 

Regular mobile phone use  

Never 

Ever 

Time since first use 

Ò3.3 years 

3.3-5.0 years 

>5.0 years 

Cumulative hours of use 

Ò35 

36-144 

>144 

Cumulative no. calls 

Ò936 

937-2638 

>2638 

 

158 

194 

 

  95 

  53 

  46 

 

  94 

  48 

  49 

 

  94 

  50 

  47 

 

1.0 

1.36 (0.92-2.02) 

 

1.35 (0.89-2.04) 

1.47 (0.87-2.49) 

1.26 (0.70-2.28) 

 

1.33 (0.89-2.01) 

1.44 (0.85-2.44) 

1.55 (0.86-2.82) 

 

1.34 (0.89-2.02) 

1.47 (0.86-2.51) 

1.42 (0.79-2.53) 

Regular use defined as at least 
one call per week over a period 
of at least six months. 

Conditional logistic regression 
analyses. No additional 
adjustment in final model, a 
large set of confounders 
assessed. 

Additional analyses were made 
of a small subset with operator 
recorded exposure information, 
but was not randomly selected. 

Aydin et al. 
(2011) 
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20ï69 diagnosed during 1996 were identified through the nationwide Finnish Cancer registry (n=34). Five age- 1248 

and sex-matched controls per case were randomly selected from the population registry. Information about start- 1249 

and end date of mobile phone subscriptions, and type of network, was obtained from the mobile phone network 1250 

providers. No information was collected on amount of phone use. Information was only available on private 1251 

subscriptions; corporate mobile phone use could not be assessed. In total, 3 (9%) cases of salivary gland cancer 1252 

had had an analogue phone subscription, and 1 (3%) case had had a digital phone subscription. The 1253 

corresponding numbers for controls were 15 (9%) and 3 (2%), respectively. Ever having had a mobile phone 1254 

subscription was associated with an OR of 1.3 (95% CI 0.4ï4.7). All but one case and one control had had a 1255 

subscription for a maximum of two years. [The study can only address potential effects of short-term mobile 1256 

phone use. Considering the low prevalence of mobile phone use in the population, misclassification of the 1257 

exposure from lack of information about corporate subscriptions is likely to have a minimal effect on the risk 1258 

estimates.] 1259 

Hardell and colleagues conducted a case-control study of mobile phone use and the risk of malignant 1260 

salivary gland tumours in the age range 21ï80 years (Hardell et al., 2004a). Regional cancer registries that 1261 

covered the whole of Sweden were used to identify 407 cases, during the period 1994-1999 (in some regions to 1262 

2000). At the time of the data collection 114 cases were excluded either because they had died (96), were too ill 1263 

to participate (3), or the treating physician did not grant permission to contact the case (15). The participation 1264 

proportion among cases was reported to be 91%, but if calculated according to conventional standards it was 1265 

66% (i.e. when including deceased, too ill, and physician refusal in the denominator). Four controls per case, 1266 

matched on age and sex, were selected from controls used in previous brain tumour studies by the same group, 1267 

covering the period 1994ï1996 (Hardell et al., 1999) and 1997ï2000 (Hardell et al., 2002). The participation 1268 

proportion among the previously selected controls was 92%. New controls were selected when the matching 1269 

criteria could not be fulfilled, and to cover two geographical regions that were not covered by the previous 1270 

studies, in total 357 controls of whom 303 participated (85%). In total, 267 cases and 1053 controls were 1271 

included in the analyses. Information on mobile phone use history was collected through a mailed questionnaire, 1272 

and all subjects were also contacted by phone to supplement the answers. Of the cases, 12% had used analogue 1273 

phones and 17% digital phones. For controls, the proportions were 11% and 16%, respectively. Hours of phone 1274 

use was categorized according to the median value among the controls. Unconditional logistic regression was 1275 

used to estimate odds ratios, adjusted for age and sex. Adjusting also for geographical region did not change risk 1276 

estimates, but was not reported. Risk estimates for ever use of an analogue phone was OR=0.9 (95% CI 0.6ï1277 

1.5), for digital phone use OR=1.0 (95% CI 0.7ï1.5), and for cordless phone use OR=0.99 (95% CI 0.68ï1.43). 1278 

Risk estimates did not increase with time since first use or hours of use. The authors report that no consistent 1279 

pattern of risk estimates was found according to laterality of phone use, but these data were not shown. In the 1280 

analyses by anatomic location, the risk estimate for the submaxillary gland was OR=1.4 (95% CI 0.6ï3.5) for 1281 

any phone use, for the parotid gland OR=1.0 (95% CI 0.7ï1.4), and for other locations OR=1.1 (95% CI 0.5ï1282 

2.7). The results do not support the hypothesis that mobile phone use increases the risk of salivary gland 1283 

tumours. [The study has limited power to study potential effects of long-term mobile phone use. In the original 1284 

studies from which the majority of the controls were drawn, matching of controls to brain tumour cases was 1285 

made on age, sex and geographic region.] 1286 

Lönn and colleagues reported results on parotid gland tumours pooling data from the Swedish and 1287 

Danish Interphone case-control studies (Lönn et al., 2006). The studies cover approximately 6.7 million people 1288 

(the whole of Denmark and a large part of Sweden). Eligible cases were persons 20ï69 years old diagnosed 1289 

during 2000ï2002 with malignant parotid gland tumours or benign pleomorphic adenoma (the latter only from 1290 

two geographical regions in Sweden). In total 71 malignant and 128 benign eligible cases were identified 1291 

through the nationwide cancer registries and from clinics treating these patients. There was no overlap of cases 1292 

with the study by Hardell et al. described above (Hardell et al., 2004a). Controls were randomly selected from 1293 

population registries, in Denmark individually matched to cases on age and sex, in Sweden stratified on age, sex 1294 

and geographical region. In total 60 (85%) malignant cases, 112 (88%) benign cases, and 681 (70%) controls 1295 

participated in the study. Information about mobile phone use history was collected through standardized 1296 

personal interviews that included questions about the year when mobile phone use started, number of phone 1297 

calls, hours of phone use, preferred side of the head, and use of hands-free device. Amount of phone use was 1298 

categorized according to the 25
th
 and 75

th
 percentiles among the controls. Analyses were conducted using 1299 

unconditional logistic regression, adjusted for age, sex, residential area, country and education. Using 1300 

conditional logistic regression analyses for the Danish material did not change results materially. Regular 1301 

mobile phone use (defined as at least once per week during at least six months) was reported by 60% of 1302 

controls. Ever being a regular mobile phone user was not associated with parotid gland tumour risk; OR=0.7 1303 

(95% CI 0.4ï1.3) for malignant tumours and 0.9 (95% CI 0.5ï1.5) for benign tumours. Risk estimates did not 1304 

increase with duration of use, time since first use, cumulative call time or cumulative number of calls. Odds 1305 
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ratios for ipsilateral mobile phone use (use on the same side as where the tumour was diagnosed) were increased 1306 

in some analyses, but were accompanied by corresponding reduced risks for the contralateral side. The OR for 1307 

ipsilateral use that started more than 10 years prior to the diagnosis was 2.6 (95% CI 0.9ï7.9) for benign 1308 

tumours, while the corresponding OR for contralateral use was 0.3 (95% CI 0.0ï2.3). The results do not support 1309 

the hypothesis that mobile phone use increases the risk of parotid gland tumours. [It does not seem biologically 1310 

plausible that RF exposure would increase the risk of salivary gland tumours on one side of the head and at the 1311 

same time protect against tumours on the opposite side. Therefore the findings related to ipsilateral use were 1312 

interpreted as information bias.]  1313 

The Israeli Interphone study (Sadetzki et al., 2008) identified benign and malignant parotid gland 1314 

tumours among all Jewish individuals in Israel 18 years or older during 2001 to 2003. In total, 531 cases with 1315 

confirmed tumours were identified through periodic review of pathology/cytology reports from all 22 1316 

otolaryngology departments in the country. Of the 460 (87%) participating cases, 58 were malignant, and the 1317 

benign were distributed as 264 pleomorphic adenoma, 117 Warthin's tumour, and 21 others. Controls were 1318 

randomly selected from the population registry, individually matched to cases identified for the Interphone study 1319 

which also included glioma, meningioma and acoustic neuroma. Controls originally matched to the other 1320 

tumour types were post hoc matched to parotid gland tumour cases on age, sex, interview date and continent of 1321 

birth. Through this procedure, up to 7 controls per case was selected. In total, 1929 controls were selected, of 1322 

whom 1266 (66%) participated. Information on mobile phone use history was collected through personal 1323 

interviews according to the Interphone study protocol, in the same way as in the Swedish/Danish study 1324 

described above. Analyses were made using conditional logistic regression, with adjustment for smoking. 1325 

Regular mobile phone use (at least once per week over a period of at least six months) was reported by 55% of 1326 

controls, and was not associated with parotid gland tumours; the OR for malignant tumours was 1.06 (95% CI 1327 

0.54ï2.10) and for benign tumours 0.85 (95% CI 0.64ï1.12). Overall, the OR was 0.87 (95% CI 0.68ï1.13). No 1328 

increased risks or trends were observed according to time since start of phone use, duration of use, cumulative 1329 

number of calls, or cumulative calling time. However, based on subgroup analyses (regular users only, rural 1330 

areas ï based on the evidence of greater phone energy output in rural compared to urban areas, because of 1331 

higher distances to antennas -, and particularly ipsilateral use) the authors concluded that their results suggest an 1332 

association between mobile phone use and parotid gland tumours. For example for ipsilateral mobile phone use, 1333 

the odds ratios for above-median use were: 1.58 (95% CI 1.11ï2.24) for cumulative number of calls and 1.49 1334 

(95% CI 1.05ï2.13) for cumulative call time. However, the corresponding results for contralateral use were 0.78 1335 

(95% CI 0.51ï1.19) and 0.84 (95% CI 0.55ï1.28), respectively. [With no raised risk estimates overall, an 1336 

increased risk associated with ipsilateral phone use is likely to indicate recall bias when cases report usual side 1337 

of phone use prior to diagnosis, as it must be accompanied by a reduced risk in other subgroups, i.e. among 1338 

subjects with contralateral phone use or who lack information about side of phone use, considering that more 1339 

than half of the subjects reported ipsilateral phone use.] 1340 

Duan and co-workers (2011) performed a hospital-based case-control study of mobile phone use and 1341 

epithelial parotid gland malignancies in Beijing, China. Cases were recruited retrospectively from the authorsô 1342 

clinic covering the time period 1993 to March 2010. Unmatched controls were recruited from other patients 1343 

treated for other diseases at the same clinic during the same time period, including patients with impacted teeth, 1344 

maxillofacial trauma, infections, temporomandibular joint disorders, maxillofacial nerve disorders, non-1345 

cancerous potentially oral and maxillofacial tumours (without salivary gland tumour involvement), salivary 1346 

gland infections, congenital cleft lips and palates, or maxillofacial deformities, and excluding patients with 1347 

potential malignancies. In total, 221 eligible cases and 2643 eligible controls were identified. Only living 1348 

subjects, who agreed to participate, were included in the study leaving 136 (62%) cases, and 2051 (78%) 1349 

controls for analyses. Cases were in the age-range 7 to 80 years; no information about the age-range among 1350 

controls was given. Information on mobile phone use and potential confounders were collected through personal 1351 

or telephone interviews. Amount of phone use was categorized according to the median and third quartile 1352 

among the controls. Analyses were performed using unconditional logistic regression with adjustment for sex, 1353 

age, residential area, marital status, education, income, and smoking. No adjustment was made for year of 1354 

diagnosis. No association was found between regular mobile phone use (at least once per week during at least 1355 

six months) and epithelial parotid gland tumours (OR=1.14; 95% CI 0.72ï1.81) or mucoepidermoid carcinoma 1356 

(OR=1.37; 95% CI 0.63ï2.10). However, in analyses of indices of amount of mobile phone use considerable 1357 

risk increases were reported. For example, for time since first mobile phone use, significantly increased risk 1358 

estimates were observed in all exposure categories, varying from 1.7 to 5.4. [Reported risk increases for amount 1359 

of phone use are incompatible with overall risk estimates close to unity. Therefore, these results are impossible 1360 

to interpret. Exposure cutpoints do not seem to have been defined as described by the authors. In addition, there 1361 

is potential for confounding from date of diagnosis, as mortality is likely to be higher among the cases with 1362 
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malignant tumours, than among controls, and therefore a smaller proportion of cases are likely to have been 1363 

included from the early part of the study period when mobile phone use was less common.] 1364 

Söderqvist and colleagues (2012) conducted a case-control study of mobile phone use and the risk of 1365 

malignant salivary gland tumours in parts of Sweden. The regional cancer registries in Uppsala/Örebro and 1366 

Linköping were used to identify 88 eligible cases during the period 2000ï2003. There was no overlap between 1367 

this study and the previous study by the Hardell group. In total, 69 cases agreed to participate. The participation 1368 

proportion among cases was reported to be 88%, but if calculated according to conventional standards it was 1369 

78% (i.e. when including in the denominator also six deceased cases and four cases for whom the physician did 1370 

not permit contact). Four controls per case, matched on county, age and sex, were randomly selected from the 1371 

population registry, and 262 agreed to participate (83%). Information about mobile phone use and use of 1372 

cordless phones were collected through mailed questionnaires, using the same questionnaire as in the previous 1373 

studies by the same group. Cases and controls were in the age-range 22 to 80 years. Analyses were made using 1374 

unconditional logistic regression, adjusted for age, sex, year of diagnosis and socioeconomic status. Hours of 1375 

phone use was categorized according to the median value among the controls, and in additional analyses, 1376 

cutpoints at 1000 h and 2000 h were used. Mobile phone use was reported by 43% of cases and 42% of controls, 1377 

and was not associated with malignant parotid gland tumours; OR=0.8 (95% CI 0.4ï1.6). Risk did not increase 1378 

with increasing amount of use or time since first use. Only 2 cases had used a mobile phone longer than 10 1379 

years. No associations were found with cordless phone use. The results do not support the hypothesis that 1380 

mobile phone use increases the risk of parotid gland tumours. [The prevalence of mobile phone use was low, 1381 

and the study had limited statistical power to study long-term mobile phone use.] 1382 

Table 12.1.6. Case-control studies of mobile phone use and salivary gland tumours  

Country 

Time period 

Age range 

No. 
cases/controls 

Source of 
controls 

Exposure  No. exp 
cases 

Relative risk (95% 
CI) 

Comments Reference 

Finland 

1996 

20-69 

Malignant salivary 
gland 

34/170 

Population 
registry 

Mobile phone subscription 

Never 

Ever 

Time since first subscription 

<1 year 

1-2 years 

>2 years 

 

30 

  4 

 

  0 

  3 

  1 

 

1.0 

1.3 (0.4-4.7) 

 

0.0 - 

1.7 (0.4-7.5) 

2.3 (0.2-25.3) 

 Auvinen et al. 
(2002) 

Sweden 

1994-1999 
(2000) 

21-80 

Malignant salivary 
gland 

267/1053 

Population 
registry 

Mobile phone use, analogue 

Ever, time since first use 

>1 year 

>5 years 

>10 years 

Cumulative hours of use 

Ò91 h 

>91 h 

Mobile phone use, digital 

Ever, time since first use 

>1 year 

>5 years 

Cumulative hours of use 

Ò64 h 

>64 h 

Cordless phone use 

Ever 

 

 

31 

17 

  6 

 

16 

15 

 

 

45 

  8 

 

22 

23 

 

48 

 

 

0.92 (0.58-1.44) 

0.78 (0.44-1.38) 

0.71 (0.29-1.74) 

 

0.94 (0.52-1.68) 

0.90 (0.49-1.66) 

 

 

1.01 (0.68-1.50) 

1.22 (0.54-2.78) 

 

0.96 (0.58-1.59) 

1.07 (0.64-1.80) 

 

0.99 (0.68-1.43) 

Exposure categories for 
no. of years overlap. 

Hardell et al. 
(2004a) 
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Sweden, 
Denmark, 
Interphone 

2000-2002 

20-69 

Malignant parotid 
gland 

60/681 

Population 
registry 

 

 

 

 

 

 

 

Benign 
pleomorphic 
adenoma 

112/321 

Population 
registry 

Regular mobile phone use 

Never 

Ever 

Time since first regular use 

<5 years 

5-9 years 

Ó10 years 

Cumulative hours of use 

<30 h 

30-449 h 

Ó450 h 

 

Regular mobile phone use 

Never 

Ever 

Time since first regular use 

<5 years 

5-9 years 

Ó10 years 

Cumulative hours of use 

<30 h 

30-449 h 

Ó450 h 

 

 

35 

25 

 

14 

  8 

  2 

  

 7 

11 

  5 

 

 

35 

77 

 

47 

23 

7 

 

20 

34 

22 

 

1.0 

0.7 (0.4-1.3) 

 

0.7 (0.3-1.3) 

0.7 (0.3-1.7) 

0.4 (0.1-2.6) 

 

0.7 (0.3-1.6) 

0.7 (0.3-1.4) 

0.6 (0.2-1.8) 

 

 

1.0 

0.9 (0.5-1.5) 

 

1.0 (0.6-1.8) 

0.8 (0.4-1.5) 

1.4 (0.5-3.9) 

 

1.1 (0.6-2.3) 

0.9 (0.5-1.6) 

1.0 (0.5-2.1) 

 Lönn et al. (2006) 

Israel, 
Interphone 

2001-2003 

Ó18 

Malignant parotid 
gland 

58/194 

Population 
registry 

 

 

 

 

 

 

 

Benign parotid 
gland 

402/1072 

Population 
registry 

Regular mobile phone use 

Never 

Ever 
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 1383 

12.1.2.3 Other tumours 1384 

Other tumours that have been studied in relation to mobile phone use are pituitary gland tumours (3 1385 

studies), leukaemia (4 studies), Non-Hodgkinôs lymphoma (4 studies), uveal melanoma (3 studies), testicular 1386 

cancer (2 studies), and melanoma and other skin cancer (3 studies). In addition, the two cohort studies report 1387 

results for several other tumour types.  1388 

Pituitary gland tumours 1389 

Takebayashi and co-workers included newly identified patients with pituitary adenoma in the age 1390 

group 30ï69 years, in parts of Tokyo between December 2000 and November 2004, and interviewed 101 (76%) 1391 

cases and 161 (49%) controls as part of the Japanese Interphone study (Takebayashi et al., 2008). Controls were 1392 

selected through random digit dialling, matched to cases by age, sex, and residence. Exposure information was 1393 

collected through personal interviews, as described above for the Interphone study. Analyses were performed 1394 

with conditional logistic regression, with adjustment for education and marital status. Regular mobile phone use 1395 

was associated with an OR of 0.90 (95% CI 0.50ï1.61), and effect estimates did not increase with time since 1396 

first use or amount of use. 1397 

Schoemaker and Swerdlow extended the UK-South Interphone study to also include pituitary gland 1398 

tumours in the age group 18ï59 years, identified between 2001 and 2005 (Schoemaker & Swerdlow, 2009). In 1399 

total, 317 (63%) cases participated. Controls were randomly selected from general practitioners patient lists, 1400 

considered to cover approximately 98% of the UK population, and were frequency matched to cases (including 1401 

also brain tumour cases) on the sex, age, and health-authority distribution. Of the selected controls, 603 (43%) 1402 

participated. Exposure information was collected through personal interviews, as described above for the 1403 

Interphone study. Unconditional logistic regression was used for the analyses, with adjustment for adjusted for 1404 

sex, age, geographic area, reference date, and Townsend deprivation score (as a measure of socioeconomic 1405 

status). Regular mobile phone use was associated with an OR of 0.9 (95% CI 0.7ï1.3), and effect estimates did 1406 

not increase with time since first use or amount of use. 1407 

Benson and colleagues studied several different tumour types in relation to mobile phone use in their 1408 

cohort study based on data from the UK Million Women cohort (Benson et al., 2013a). See page x for a 1409 

description of the study design. In total, 110 cases of pituitary gland tumours were identified. Ever use of a 1410 

mobile phone was associated with a RR of 1.52 (95% CI 0.99ï2.33), while for daily mobile phone use the RR 1411 

was 1.45 (95% CI 0.68ï3.10). At least 10 years duration was associated with a RR of 1.61 (95% CI 0.78ï3.35). 1412 
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 Söderqvist et al. 
(2012) 
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Leukaemia 1413 

Two case-control studies of leukaemia have been conducted. Kaufman and colleagues conducted a 1414 

hospital-based case-control study of leukaemia with 180 eligible cases 18 years or older diagnosed at one 1415 

hospital in Bangkok 1997ï2003 (Kaufman, Anderson & Issaragrisil, 2009). All eligible cases agreed to 1416 

participate. Controls were identified among other patients at the hospital, e.g. with acute infections, trauma, 1417 

appendicitis, matched to cases on age, sex, and residential requirements. A total of 756 controls were eligible, 1418 

and all of them participated in the study. Exposure information was collected through interviews. Analyses were 1419 

conducted with unconditional logistic regression, but authors state that results from conditional analyses did not 1420 

differ from those presented. Adjustment was made for age, sex, income, solvents, pesticides, working with 1421 

power lines, residence near power lines. Mobile phones were used by 14% of controls, with a median duration 1422 

of 2 years. Mobile phone use was associated with an OR of 1.5 (95% CI 1.0ï2.4), and there were no differences 1423 

between cases and controls with regard to duration or amount of use [ORs were not presented]. Use of a GSM 1424 

phone was associated with an OR of 2.1 (95% CI 1.1ï4.0), with similar duration and amounts of use between 1425 

cases and controls. A ñhigh riskò group was identified based on the proportion of time that calls were initiated, 1426 

antenna was extended, and/or whether metal glasses were ever worn; the OR for this ñhigh riskò group was 1.8 1427 

(95% CI 1.1ï3.2). [The authors list a number of other factors that they believe are associated with higher 1428 

exposure levels, but include only a selected number when constructing their ñhigh riskò group. The study is 1429 

limited by the short duration of mobile phone use among the majority of subjects and the hospital-based 1430 

identification of cases and selection of controls from other patient groups at the hospitals.] 1431 

Cooke and colleagues conducted a case-control study of leukaemia (excluding chronic lymphocytic 1432 

leukaemia) in South East England with eligible cases aged 18ï59 years diagnosed between 2003 and 2007 (to 1433 

2009 in two areas) (Cooke, Laing & Swerdlow, 2010). In total, 806 (50%) cases participated. Controls were 1434 

selected among non-blood relatives to cases, who did not live with the case. In total 585 (75%) controls agreed 1435 

to participate. Exposure information was collected through face-to-face interviews, using a modified version of 1436 

the Interphone questions about mobile phone use. Analyses were conducted with unconditional logistic 1437 

regression adjusted for age, sex, socio-economic status, area of residence, ethnicity, smoking, interview lag time 1438 

and calendar period. Conditional logistic regression did not give materially different results. Amount of phone 1439 

use was categorized with cutpoints according to the median and third quartile of the distribution among controls. 1440 

Regular mobile phone use was associated with an OR of 1.06 (95% CI 0.76ï1.46). The highest category of time 1441 

since first use (Ó15 years) was associated with an OR of 1.87 (95% CI 0.96ï3.63), while ORs in the three lower 1442 

categories were close to unity. Amount of phone use estimated as cumulative number of calls or cumulative 1443 

hours of use was not consistently associated with leukaemia. None of the results stratified on type of phone use 1444 

was statistically significant, but ORs were slightly higher for analogue than digital phone use (e.g. the OR for 1445 

Ó10 years since first use of an analogue phone was 1.54 (95% CI 0.91ï2.62), while the corresponding result for 1446 

use of a digital phone was 0.78 (95% CI 0.44ï1.38). [A limitation is low case participation rate, which would 1447 

have resulted in a loss of statistical power, and the use of non-blood relatives as controls, although this is likely 1448 

to have resulted in a higher response rate among controls.] 1449 

Two cohort studies that included analyses of leukaemia are available. The Danish cohort study of 1450 

mobile phone subscribers identified 84 cases of leukaemia in their first analysis (Johansen et al., 2001), and in 1451 

the update with follow-up through 2002 (Vrijheid et al., 2006), 351 cases (318 men and 33 women) were 1452 

identified (see page xx for a detailed description of the study). In the most updated analysis, the SIR for ever 1453 

being a mobile phone subscriber was 1.00 (95% CI 0.90ï1.12) for men and 0.97 (95% CI 0.67ï1.36) for 1454 

women. There was no trend in risk estimates according to time since first subscription, the SIR for Ó10 years 1455 

was 1.08 (95% CI 0.74ï1.52) for men and women combined. 1456 

Benson and colleagues also included leukaemia as an outcome in their cohort study based on data 1457 

from the UK Million Women cohort (Benson et al., 2013a). See page x for a description of the study design. In 1458 

total, 860 cases of leukaemia were identified. Ever use of a mobile phone was associated with a RR of 0.91 1459 

(95% CI 0.79ï1.05), while for daily mobile phone use the RR was 0.88 (95% CI 0.66ï1.19). At least 10 years 1460 

duration of mobile phone use was associated with a RR of 0.92 (95% CI 0.70ï1.21). 1461 

Non-Hodgkin lymphoma 1462 

Two case-controls studies and two cohort studies have been conducted on non-Hodgkin lymphoma. 1463 

Hardell and co-workers conducted a case-control study in four geographical regions in Sweden with case 1464 

recruitment from December 1999 to April 2002 (Hardell et al., 2005). Eligible cases were 18ï74 years old and 1465 

identified through the clinics where these cases were treated and through pathologists. In total 1133 cases with 1466 
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non-Hodgkinôs lymphoma were identified, and 910 (80%) cases participated in the study. Controls were 1467 

randomly selected from the population registry, frequency matched to cases by age (10-year groups), sex and 1468 

geographic region; 1016 (92%) agreed to participate. Exposure information was collected through mailed 1469 

questionnaires, completed over the telephone. Analyses were made with unconditional logistic regression, 1470 

adjusted for age, sex and year of diagnosis (cases) or enrolment (controls). Hours of phone use was categorized 1471 

according to the median among the controls. Ever use of an analogue mobile phone >1 year prior to diagnosis 1472 

was associated with an OR of 0.94 (95% CI 0.68ï1.30). Effect estimates were close to unity also for use of 1473 

digital or cordless phones, and did not increase with longer time since first use or higher amounts of use. In 1474 

analyses of subtypes of lymphoma, higher ORs were observed for T-cell lymphoma (53 cases in total), but risk 1475 

estimates had wide confidence intervals, and reached significance only for cordless phone use. For analogue and 1476 

digital phones no consistent dose-response patterns with amount of use or time since first use were observed, 1477 

while for cordless phone use higher ORs were found with longer times since first use, but not according to 1478 

amount of use. [Results for T-cell lymphoma were unstable, and finding the highest risk increase for cordless 1479 

phones which have the lowest exposure speaks in favour of random variation as the explanation.] 1480 

Linet and colleagues conducted a case-control study of non-Hodgkin lymphoma in 4 geographic 1481 

regions in the USA (Linet et al., 2006). Cases were 20ï74 years old, identified through the National Cancer 1482 

Instituteôs population-based Surveillance, Epidemiology and End Results (SEER) program between July 1998 1483 

and June 2000. In total 551 (61%) of the cases participated in the study. Controls were frequency matched to 1484 

cases on age, sex, ethnic group and geographic region, identified through random digit dialling when younger 1485 

than 65 years, while Ó65 years were randomly selected through Medicare eligibility files, 462 (55%) controls 1486 

participated. Exposure information was collected through personal interviews. Analyses were made with 1487 

unconditional logistic regression, adjusted for age, geographic area, gender, ethnic group, education, marital 1488 

status and family history of any lymphoproliferative malignancy among first-degree relatives. Regular mobile 1489 

phone use, defined as >100 times, was associated with an OR of 0.9 (95% CI 0.6ï1.4). There were no trends in 1490 

risk associated with amount of use or time since first use. In the highest category of time since first use (>8 1491 

years) the OR was 1.6 (95% CI 0.7ï3.8). Results were similar in separate analyses of the major subcategories of 1492 

lymphoma. 1493 

The Danish cohort study of mobile phone subscribers reported results for non-Hodgkin lymphoma 1494 

only in their first analysis, where 120 cases were identified (Johansen et al., 2001), (see page xx for a detailed 1495 

description of the study). The SIR for ever being a mobile phone subscriber was 0.93 (95% CI 0.77ï1.13) for 1496 

men and 1.04 (95% CI 0.52ï1.86) for women. No other analyses of lymphoma were conducted. 1497 

Benson and colleagues reported results for non-Hodgkin lymphoma in their cohort study based on 1498 

data from the UK Million Women cohort (Benson et al., 2013a). See page x for a description of the study 1499 

design. In total, 2058 cases of non-Hodgkin lymphoma were identified. Ever use of a mobile phone was 1500 

associated with a RR of 0.97 (95% CI 0.88ï1.06), while for daily mobile phone use the RR was 0.94 (95% CI 1501 

0.78ï1.13). At least 10 years duration of mobile phone use was associated with a RR of 0.99 (95% CI 0.83ï1502 

1.17).  1503 

Uveal melanoma and other cancers in the eye 1504 

Stang and colleagues conducted a case-control study of mobile phone use and uveal melanoma (Stang 1505 

et al., 2009), as a follow-up of their earlier study of occupational exposure to radio sets/mobile phones (Stang et 1506 

al., 2001) (see section of occupational exposure (page x). Eligible cases were aged 20ï74 years and diagnosed 1507 

between 2002 and 2004 at one hospital; 459 (94%) cases participated in the study. Three control groups were 1508 

identified; agreement to participate was obtained from 827 (57%) population based controls who were selected 1509 

from censuses matched to cases by age, sex, and region of residence, 187 (57%) sibling controls who were 1510 

within 10 years of the caseôs age, and 180 (52%) controls among other ophthalmology patients (only during the 1511 

first half of the study period). Information about mobile phone use was obtained through computer-assisted 1512 

telephone interviews using the Interphone questionnaire. Analyses were made with conditional logistic 1513 

regression accounting for the matching factors. Regular mobile phone use, with never use of a mobile phone as 1514 

reference, was associated with an OR of 0.7 (95% CI 0.5ï1.0) using population based controls, and closer to 1515 

unity with sibling and patient controls. ORs when population based controls were used were all below unity, 1516 

while ORs with sibling or hospital based controls were slightly higher. There were no consistent associations for 1517 

categories of time since first use, or measures of amount of mobile phone use. [As in the Interphone study, non-1518 

participating population based controls were less likely to be mobile phone users, which may at least partly 1519 

explain the reduced risk estimates observed. Representativity of patient or sibling controls is questionable.] 1520 
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The Danish cohort study of mobile phone subscribers identified only 8 cases of eye cancer in their 1521 

first analysis (Johansen et al., 2001), and in the update with follow-up through 2002, 44 cases were identified, of 1522 

which 38 were men (see page xx for a detailed description of the study) (Vrijheid et al., 2006). The SIR for ever 1523 

being a mobile phone subscriber was 0.94 (95% CI 0.66ï1.29) for men and 1.10 (95% CI 0.40ï2.39) for 1524 

women.  1525 

Benson and colleagues identified 87 cases of cancer in the eye in their cohort study based on data 1526 

from the UK Million Women cohort (Benson et al., 2013a). See page x for a description of the study design. 1527 

Ever use of a mobile phone was associated with a RR 1.01 (95% CI 0.64ï1.60), while for daily mobile phone 1528 

use the RR was 0.75 (95% CI 0.29ï1.97). At least 10 years duration of mobile phone use was associated with a 1529 

RR of 0.82 (95% CI 0.31ï2.19).  1530 

Testicular cancer 1531 

A case-control study of mobile phone use and testicular cancer was conducted by Hardell and 1532 

colleagues (Hardell et al., 2007). Eligible cases were identified through the Swedish cancer registry, were 20ï75 1533 

years old and diagnosed in Sweden between 1993 and 1997. One control per case was randomly selected from 1534 

the population registry, matched on age. Exposure information was collected through a postal questionnaire, 1535 

supplemented by telephone if necessary, with participation of 888 (84%) cases and 870 (89%) controls. 1536 

Analyses were made with unconditional logistic regression adjusted for age, year of diagnosis and 1537 

cryptorchidism. Hours of phone use was categorized according to the median among the controls. Use of an 1538 

analogue phone >1 year was associated with an OR of 1.0 (95% CI 0.8ï1.3). Results for digital or cordless 1539 

phones were essentially identical. Risk estimates did not increase with time since start of mobile phone use or 1540 

cumulative hours of use, but the numbers of subjects with long-term use was small. 1541 

The Danish cohort study of mobile phone subscribers identified 187 cases with testicular cancer in 1542 

their first analysis (Johansen et al., 2001), and in the update with follow-up through 2002, 522 cases were 1543 

identified (see page xx for a detailed description of the study) (Vrijheid et al., 2006). The risk estimate in early 1544 

study was close to unity, and with the updated follow-up the SIR for ever being a mobile phone subscriber was 1545 

1.05 (95% CI 0.96ï1.15). The majority of persons in the cohort had only used mobile phone during a short 1546 

period. 1547 

Malignant melanoma and other skin cancers 1548 

Hardell and colleagues conducted a Swedish nationwide case-control study of malignant melanoma 1549 

in the head and neck region (Hardell et al., 2011). Eligible cases were 20ï77 years old, diagnosed during 2000 1550 

and 2003. In total 347 cases (82%) participated in the study. One control per case was randomly selected from 1551 

the Swedish population registry, matched on age and sex. The analyses included also controls matched to cases 1552 

with skin cancers at other locations, and in total 1184 controls (80%) participated. Information about mobile 1553 

phone use and other risk factors was collected through mailed questionnaires. Analyses were made with 1554 

unconditional logistic regression, adjusted for age, sex and year of diagnosis. Contrary to previous studies, 1555 

analogue and digital phones were not analysed separately; results were presented for mobile phone use, cordless 1556 

phones use, and the two combined (wireless phone use). Cumulative call time was categorized according to the 1557 

median value among controls. The categories 0ï1000, 1001ï2000, and >2000 h were also used. Furthermore, 1558 

analyses were made according to laterality of phone use in relation to tumour side, according to age at start of 1559 

phone use, interaction analyses with known risk factors for malignant melanoma. In total, a very large number 1560 

of subgroups were analysed [likely a least 500], although not all results are shown in tables. For mobile phone 1561 

use, no associations were observed overall, or according to time since first use. The OR for >1 year of mobile 1562 

phone use was 1.0 (95% CI 0.7ï1.3), and for >10 years it was essentially identical, and did not change with 1563 

cumulative hours of use; >128 h of mobile phone use was associated with an OR of 1.0 (95% CI 0.7ï1.4). For 1564 

cordless phones, most risk estimates were also close to unity, with the exception of >365 h of use with >1ï5 1565 

years latency, where the OR was 1.6 (95% CI 0.9ï2.6). In corresponding categories with longer latencies results 1566 

were close to unity. Results for wireless phone use (mobile and cordless phones combined) were similar to the 1567 

results for cordless phones. Results using the categorization of hours of use with the highest >2000 h showed no 1568 

significant associations overall (not reported in tables). Subgroup analyses according to location of the tumour 1569 

showed an OR of 2.1 (95% CI 1.1ï3.8) for tumours located in the temporal area, cheek or ear for >365 h of 1570 

cordless phone use with >1ï5 years latency; no associations for longer latencies or overall. Results for the 1571 

corresponding category for tumours at other locations were also slightly raised for cordless and wireless phone 1572 

use, but were not statistically significant, while again, all other categories had results close to or below unity. In 1573 

what appears to be a post hoc analysis, mobile phone use >365 h (the median for cordless phone use) was 1574 
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associated with an OR of 2.1 (95% CI 0.7ï6.1) for tumours with location in the temporal area, cheek or ear with 1575 

>1ï5 years latency, based on 5 exposed cases and 19 controls. [This means that the OR for the category 129ï1576 

365 h with corresponding latency and tumour location must be considerably reduced, as the category >128 h 1577 

consisted in total of 7 cases and 55 controls.] Analyses according to age at first use of mobile or cordless phones 1578 

indicated raised risks in the youngest category (<20 years), but were based on very small numbers and were not 1579 

statistically significant. No interactions between wireless phone use and known risk factors for malignant 1580 

melanoma were found. [Of the large number of analyses performed in this study, almost all showed no 1581 

associations, regardless of time since first use, amount of use or tumour location, and the few raised ORs 1582 

showed no consistent does-response pattern with amount of use or time since first use.] 1583 

The Danish cohort study of mobile phone subscribers studied skin cancer among persons Ó30 years 1584 

after linkage of the cohort to another nationwide cohort where information about indicators on socioeconomic 1585 

status was available (Poulsen et al., 2013), similar to the latest updates of brain tumours described above (Frei et 1586 

al., 2011). In total, 4675 cases of basal cell carcinoma, 540 cases of squamous cell carcinoma, and 802 cases of 1587 

melanoma were identified among the subscribers during the follow-up 1990 through 2007. Analyses were made 1588 

with log-linear Poisson regression models, stratified by sex and adjusted for age and calendar period, and in 1589 

addition education and income. Analyses were made for the different cancer types overall, and more detailed 1590 

analyses for tumour locations at head and neck, and torso and legs, respectively. In addition, the ratios of the 1591 

IRRs for these two locations were calculated. The longest latency period investigated was Ó13 years since first 1592 

subscription. The results showed no evidence of an increased risk of any type of skin cancer located in the head 1593 

and neck, or torso and legs among the early mobile phone subscribers. For example, for melanoma overall, the 1594 

IRR was 0.94 (95% CI 0.87ï1.01), For men the IRR for melanoma of the head and neck was 1.05 (95% CI 1595 

0.80ï1.37), and did not vary with time since first subscription. The corresponding result for women was 1596 

IRR=0.76 (95% CI 0.34ï1.72), but was based on small numbers. Results for other types of skin cancers were 1597 

based on larger number of subjects, and indicated no raised risks. 1598 

Benson and colleagues identified 2116 cases of melanoma in their cohort study based on data from 1599 

the UK Million Women cohort (Benson et al., 2013a). See page x for a description of the study design. Ever use 1600 

of a mobile phone was associated with a RR 1.06 (95% CI 0.96ï1.16), and for daily mobile phone use the RR 1601 

was 1.06 (95% CI 0.89ï1.26). At least 10 years duration of mobile phone use was associated with a RR of 1.09 1602 

(95% CI 0.92ï1.29). 1603 

Other cancer types 1604 

Both of the available cohort studies (Benson et al., 2013a; Johansen et al., 2001; Vrijheid et al., 2006) 1605 

included analyses of several other cancer types. The longest updated publication from the Danish cohort study 1606 

of mobile phone subscribers (Vrijheid et al., 2006) report results for all smoking related sites combined and 1607 

separately (i.e. lung, larynx, bladder, buccal cavity/pharynx, oesophagus, liver, cervix uteri, stomach, kidney, 1608 

pancreas) and breast, prostate, other cancers, unspecified cancers, apart from the cancers already discussed 1609 

above. The study found a reduced risk for all cancers combined among men (SIR=0.93; 95% CI 0.92ï0.95; 1610 

11 802 observed cases), while results for women were close to unity (SIR=1.03; 95% CI 0.99ï1.07; 2447 1611 

observed cases). The risk reduction among men was mainly confined to smoking related cancer sites, the SIR 1612 

for all smoking related sites combined was 0.88 (95% CI 0.86ï0.91), and for male lung cancer 0.82 (95% CI 1613 

0.78ï0.87). For women, the risk of smoking related cancers was instead increased, with SIR=1.11 (95% CI 1614 

1.02ï1.21). Also cervical cancer was associated with an increased risk estimate, SIR=1.30 (95% 1.08ï1.54). 1615 

Risk estimates for other cancer sites were close to unity, including also the most common gender specific cancer 1616 

sites prostate cancer (1001 cases) and female breast cancer (711 cases). [Mobile phone use in the early period 1617 

was more common among persons with higher socioeconomic status, persons who also smoke less, which is a 1618 

likely explanation for the risk reduction observed for smoking related cancer sites among men (analyses were 1619 

not adjusted for socioeconomic status). The risk increase for these cancer sites among women and for cervical 1620 

cancer may indicate that the earliest female mobile phone users had a different lifestyle compared to the general 1621 

female population.] 1622 

 1623 

The UK cohort study based on the Million Women cohort collected information about mobile phone 1624 

use from the women in the cohort between 1999 and 2005 (Benson et al., 2013a), and cancer incidence was 1625 

followed through 2009 (see page x for a detailed description of the study design). The study report results for all 1626 

invasive neoplasms combined, and separately for cancers of the thyroid, other head and neck, oesophagus, 1627 

stomach, colon, rectum, pancreas, lung, breast, endometrium, ovary, kidney, bladder, and multiple myeloma. A 1628 

reduced risk estimate was observed for all cancers combined (RR= 0.97; 95% CI 0.95ï0.99), and for lung 1629 

cancer (RR= 0.89; 95% CI 0.84ï0.95) and stomach cancer (RR= 0.84 95% CI 0.70ï1.00). No significantly 1630 
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raised risk estimates were observed; the highest was for pituitary gland tumours discussed above [adjustment 1631 

was made for indicators of socioeconomic status and smoking, but residual confounding from smoking cannot 1632 

be ruled out, which also an observed risk reduction for stroke may indicate.] 1633 

Studies with uncertainties related to inclusion criteria 1634 

Warren and colleagues conducted a hospital based case-control study in the US primarily focused on 1635 

intratemporal facial nerve (IFN) tumours in relation to mobile phone use (Warren et al., 2003). The study is 1636 

described in more detail on page x. The study included 18 cases of IFN. Controls used for analyses were other 1637 

patients with rhinosinusitis, dysphonia or gastroesophageal disease, in total 141 control patients. Risk factor 1638 

information was collected by telephone interview. Ever use of a mobile phone was associated with an OR of 0.6 1639 

(95% CI 0.2-1.9), and use at least once per week with an OR of 0.4 (95% CI 0.1-2.1). Corresponding results for 1640 

cordless phone use was 0.3 (95% CI 0.1-0.9) and 0.6 (95% CI 0.2-1.7). [Response rates are not stated and it is 1641 

not clear how many subjects were excluded for various reasons. The study is given little weight in the overall 1642 

assessment, and is not included in the table]. 1643 

Table 12.1.7. Studies of mobile phone use and other tumours  

Country 

Time period 

Age range 

Design 

No. subjects 
cases/controls 

Source of 
controls 

Exposure  No. exp 
cases 

Relative risk (95% 
CI) 

Comments Reference 

Pituitary gland tumours      

Japan 

2000-2004 

30-69 

Case-control 

101/161 

Random digit 
dialling, matched 
on age, sex, and 
residence. 

Regular mobile phone use 

Never 

Ever 

Time since first regular use 

<2.4 years 

2.4- years 

4.5- years 

7.2- years 

Cumulative hours of use 

<32 h 

32- h 

160- h 

620- h 

 

   39 

   62 

 

   14 

   13 

   22 

   13 

 

   15 

   14 

   12 

   21 

 

1.0 

0.90 (0.50-1.61) 

 

0.86 (0.39-1.88) 

0.75 (0.31-1.81) 

1.64 (0.74-3.66) 

0.75 (0.31-1.82) 

 

1.00 (0.46-2.16) 

0.97 (0.40-2.32) 

0.72 (0.31-1.70) 

1.33 (0.58-3.09) 

Conditional logistic 
regression, adjusted for 
education and marital 
status. 

Extended Japanese 
Interphone study. 

Takebayashi et al. 
(2008) 

UK  

2001-2005 

18-59 

Case-control 

317/603 

General 
practitioners 
patient lists, 
covers 98% of 
population, 
frequency 
matched  on sex, 
age, and health-
authority 
distribution 

Regular mobile phone use 

Never 

Ever 

Time since first regular use 

1.5-4 years 

5-9 years 

10-17 years 

Cumulative hours of use 

<113 h 

113-596 h 

>596 h 

Cumulative no. calls 

<2203 

2203-8300 

>8300 

 

 116 

 175 

 

   89 

   62 

   24 

 

   79 

   44 

   51 

 

   72 

   45 

   57 

 

1.0 

0.9 (0.7-1.3) 

 

1.0 (0.7-1.5)  

0.8 (0.51.2) 

1.0 (0.51.9) 

 

0.9 (0.6-1.3) 

1.1 (0.7-1.8) 

1.1 (0.7-1.7) 

 

0.8 (0.6-1.2) 

1.1 (0.7-1.8) 

1.2 (0.7-1.9) 

Unconditional logistic 
regression adjusted for 
sex, age, geographic 
area, reference date, and 
Townsend deprivation 
score (as a measure of 
SES). 

Extended UK Interphone 
study. 

Schoemaker & 
Swerlow (2009) 
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UK 

1999-2005 ï 
followed 
through 2009 

Mean age 60.3 
(SD 5.1) 

Cohort study 

791 710 women 
participating in the 
UK Million 
Women Study, 
who answered a 
base-line 
questionnaire 
1999-2005 

110 cases of 
pituitary gland 
tumours 

Ever mobile phone user 

No 

Yes 

Duration of use 

<5 years 

5-9 years 

Ó10 years 

Frequency of use 

<Daily 

Daily 

 

   33 

   77 

 

   29 

   30 

   11 

 

   68 

     9 

 

1.0 

1.52 (0.99-2.33) 

 

2.31 (1.31-4.06) 

1.08 (0.64-1.82) 

1.61 (0.78-3.35) 

 

1.53 (0.99-2.36) 

1.45 (0.68-3.10) 

Prospectively collected 
self-reported information 
on mobile phone use. 

Definition of ñuserò did not 
require a minimal amount 
of use.  

Cox proportional hazards 
models adjusted for age, 
area based SES, 
geographical region, 
height, BMI, smoking, 
alcohol, strenuous 
exercise, menopausal 
hormone therapy. 

Benson et al. 
(2013a) 

Leukaemia       

Thailand 

1997-2003 

Ó18 years 

 

Case-control 

180/756 

Hospital-based  
matched on age, 
sex, residential 
requirements 

Ever mobile phone user 

No 

Yes 

 

 

 145 

   35 

 

1.0 

1.5 (1.0-2.4) 

Unconditional logistic 
regression, adjusted for 
age, sex, income, 
solvents, pesticides, 
working with power lines, 
residence near power 
lines. Duration or amount 
of use did not differ 
between cases and 
controls but were not 
reported. 

Kaufman et al. 
(2009) 

UK  

2003-2009 

18-59 

Case-control 

806/585 

Non-blood 
relatives not living 
with the case 

Regular mobile phone use 

Never 

Ever 

Time since first regular use 

0.5-4 years 

5-9 years 

10-14 years 

Ó15 

Cumulative hours of use 

<284 h 

284-1156 h 

>1156 h 

Cumulative no. calls 

<5350 

5350-16062 

>16062 

 

 132 

 674 

 

 195 

 307 

 111 

   50 

 

 283 

 160 

 176 

 

 292 

 166 

 160 

 

1.0 

1.06 (0.76-1.46) 

 

0.98 (0.68-1.42) 

1.07 (0.75-1.53) 

0.98 (0.63-1.51) 

1.87 (0.96-3.63) 

 

0.97 (0.69-1.36) 

1.14 (0.76-1.71) 

1.19 (0.79-1.80) 

 

1.01 (0.71-1.42) 

1.13 (0.76-1.69) 

1.03 (0.68-1.56) 

Unconditional logistic 
regression adjusted for 
age, sex, socio-economic 
status, area of residence, 
ethnicity, smoking, 
interview lag time and 
calendar period. 

Modified version of the 
Interphone questions 
about mobile phone use. 

Cooke et al. 
(2010) 

Denmark 

1982-2002 

Ó18 

Cohort study 

420 095 mobile 
phone 
subscribers   

Comparison 
group: the whole 
Danish population 
who were not 
subscribers  

Ever subscriber, men 

Ever subscriber, women 

Time since first subscription 

<1 year 

1-4 years 

5-9 years 

Ó10 years 

 318 

   33 

 

   33 

 151 

 135 

   32 

1.00 (0.90-1.12) 

0.97 (0.67-1.36) 

 

1.09 (0.75-1.52) 

1.05 (0.90-1.24) 

0.92 (0.77-1.08) 

1.08 (0.74-1.52) 

Standardized incidence 
ratios, by age and sex. 

~200 000 corporate 
subscribers included in 
comparison group, 
constitute less than 5% of 
unexposed. 

Vrijheid et al. 
(2006) 
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UK 

1999-2005 ï 
followed 
through 2009 

Mean age 60.3 
(SD 5.1) 

Cohort study 

791,710 women 
participating in the 
UK Million 
Women Study, 
who answered a 
base-line 
questionnaire 
1999-2005 

860 cases of 
leukaemia 

Ever mobile phone user 

No 

Yes 

Daily use 

Duration of use Ó10 years 

 

 

 382 

 478 

   53 

   67 

 

1.0 

0.91 (0.79-1.05) 

0.88 (0.66-1.19) 

0.92 (0.70-1.21) 

Prospectively collected 
self-reported information 
on mobile phone use. 

Definition of ñuserò did not 
require a minimal amount 
of use.  

Cox proportional hazards 
models adjusted for age, 
area based SES, 
geographical region, 
height, BMI, smoking, 
alcohol, strenuous 
exercise, menopausal 
hormone therapy. 

Benson et al. 
(2013a) 

Non-Hodgkin lymphoma      

Sweden 

1999-2002 

18-74 

Case-control 

910/1016 

Population 
registry, 
frequency 
matched to cases 
by age, sex and 
geographic region 

Mobile phone use, analogue 

Ever, time since first use 

>1 year 

>5 years 

>10 years 

Cumulative hours of use 

Ò198 h 

>198 h 

Mobile phone use, digital 

Ever, time since first use 

>1 year 

>5 years 

>10 years 

Cumulative hours of use 

Ò91 h 

>91 h 

Cordless phone use 

Ever 

 

 

 141 

 131 

   74 

 

   61 

   80 

 

 

 422 

 133 

     7 

 

 223 

 199 

 

 313 

 

 

0.94 (0.68-1.30) 

1.02 (0.73-1.43) 

0.96 (0.65-1.42) 

 

0.82 (0.56-1.22) 

1.08 (0.73-1.59) 

 

 

1.02 (0.81-1.28) 

0.92 (0.66-1.27) 

1.13 (0.38-3.35) 

 

0.98 (0.76-1.26) 

1.09 (0.82-1.45) 

 

1.01 (0.80-1.28) 

Exposure categories for 
no. of years overlap. 

Unconditional logistic 
regression, adjusted for 
age, sex and year of 
diagnosis or enrolment. 

Hardell et al. 
(2005) 

USA 

1998-2000 

20-74 

Case-control 

551/462 

Random digit 
dialling (<65 yrs), 
Medicare 
eligibility files (Ó65 
yrs)  frequency 
matched on age, 
sex, ethnic group 
geographic region  

Lifetime mobile phone use 

Never 

Ever 

Total years of use 

1-2 years 

3-5 years 

6-8 years 

>8 years 

Cumulative hours of use 

Ò78 h 

79-208 h 

Ó209 h 

 

 234 

 317 

 

   26 

   32 

   15 

   20 

 

   35 

   23 

   35 

 

1.0 

1.0 (0.7-1.3) 

 

0.9 (0.5-1.9) 

0.5 (0.3-0.9) 

1.4 (0.5-3.6) 

1.6 (0.7-3.8) 

 

0.8 (0.4-1.4) 

0.8 (0.4-1.5) 

1.1 (0.6-2.1) 

Unconditional logistic 
regression, adjusted for 
age, geographic area, 
gender, ethnic group, 
education, marital status 
and family history of any 
lymphoproliferative 
malignancy among first-
degree relatives. 

Linet et al. (2006) 

Denmark 

1982-1995 

>18 

Cohort study 

420 095 mobile 
phone 
subscribers   

Comparison 
group: national 
incidence rates 

Ever subscriber, men 

Ever subscriber, women 

 

 109 

   11 

0.93 (0.77-1.13) 

1.04 (0.52-1.86) 

Standardized incidence 
ratios, by age and sex. 

All subscribers included in 
calculations of national 
incidence rates, but 
constitute a small 
proportion of the 
population. 

Johansen et al. 
(2001) 
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UK 

1999-2005 ï 
followed 
through 2009 

Mean age 60.3 
(SD 5.1) 

Cohort study 

791 710 women 
participating in the 
UK Million 
Women Study, 
who answered a 
base-line 
questionnaire 
1999-2005 

2058 cases of 
non-Hodgkin 
lymphoma 

Ever mobile phone user 

No 

Yes 

Daily use 

Duration of use Ó10 years 

 

 

  874 

1184 

  134 

  176 

 

1.0 

0.97 (0.88-1.06) 

0.94 (0.78-1.13) 

0.99 (0.83-1.17) 

Prospectively collected 
self-reported information 
on mobile phone use. 

Definition of ñuserò did not 
require a minimal amount 
of use.  

Cox proportional hazards 
models adjusted for age, 
area based SES, 
geographical region, 
height, BMI, smoking, 
alcohol, strenuous 
exercise, menopausal 
hormone therapy. 

Benson et al. 
(2013a) 

Uveal melanoma and other cancers in the eye     

Germany 

2002-2004 

20-74 

 

Case-control 

459/827, 187, 180 

3 control groups: 
1. population 
based controls 
selected from 
censuses 
matched by age, 
sex, region of 
residence  

2. sibling controls 
who were within 
10 years of the 
caseôs age  

3. controls among 
ophthalmology 
patients (only 
during the first 
half of the study 
period) 

Mobile phone use 

Never 

Sporadic 

Regular 

Time since first regular use 

Ò4 years 

5-9 years 

Ó10 years 

Cumulative hours of use 

Ò44 h, regular use 

>44-195 h, regular use 

>195 h, regular use 

Cumulative no. calls 

Ò1176 

>1176-4350 

>4350 

 

   20 

   44 

   36 

 

   19 

   14 

     3 

   

   15 

     8 

   12 

 

   14 

   10 

   11 

 

1.0 

0.9 (0.7-1.3) 

0.7 (0.5-1.0) 

 

0.8 (0.5-1.2) 

0.6 (0.4-1.0) 

0.6 (0.3-1.4) 

 

0.6 (0.4-1.0) 

0.9 (0.5-1.5) 

0.8 (0.5-1.3) 

 

0.8 (0.5-1.2) 

0.6 (0.3-1.0) 

0.8 (0.5-1.3) 

Interphone questionnaire 
was used to collect 
exposure information. 

Conditional logistic 
regression accounting for 
the matching factors. 

Results shown are when 
population based controls 
are used. 

Stang et al. 
(2009) 

Denmark 

1982-2002 

Ó18 

Cohort study 

420 095 mobile 
phone 
subscribers   

Comparison 
group: the whole 
Danish population 
who were not 
subscribers  

Ever subscriber, men 

Ever subscriber, women 

 

   38 

     6 

 

0.94 (0.66-1.29) 

1.10 (0.40-2.39) 

Standardized incidence 
ratios, by age and sex. 

~200 000 corporate 
subscribers included in 
comparison group, 
constitute less than 5% of 
unexposed. 

Vrijheid et al. 
(2006) 

UK 

1999-2005 ï 
followed 
through 2009 

Mean age 60.3 
(SD 5.1) 

Cohort study 

791 710 women 
participating in the 
UK Million 
Women Study, 
who answered a 
base-line 
questionnaire 
1999-2005 

87 cases of eye 
cancer 

Ever mobile phone user 

No 

Yes 

Daily use 

Duration of use Ó10 years 

 

 

    35 

    52 

      5 

      5 

 

1.0 

1.01 (0.64-1.60) 

0.75 (0.29-1.97) 

0.82 (0.31-2.19) 

Prospectively collected 
self-reported information 
on mobile phone use. 

Definition of ñuserò did not 
require a minimal amount 
of use.  

Cox proportional hazards 
models adjusted for age, 
area based SES, 
geographical region, 
height, BMI, smoking, 
alcohol, strenuous 
exercise, menopausal 
hormone therapy. 

Benson et al. 
(2013a) 

Testicular cancer      
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Sweden 

1999-2002 

20-75 

Case-control 

888/870 

Population 
registry,  matched 
on age 

Mobile phone use, analogue 

Never any type of wireless 

Ever 

Time since first use 

>1-5 year 

>5-10 years 

>10 years 

Cumulative hours of use 

Ò160 h 

>160 h 

Mobile phone use, digital 

Ever 

Time since first use 

>1-5 year 

>5-10 years 

Cumulative hours of use 

Ò182 h 

>91 h 

Cordless phone use 

Ever 

 

 515 

 175 

  

   99 

   62 

   14 

 

 110 

   65 

 

 164 

 

 154 

   10 

 

   96 

   68 

 

 174 

 

1.0 

1.0 (0.8-1.3) 

 

0.9 (0.6-1.2) 

1.2 (0.8-1.8) 

1.5 (0.6-3.7) 

 

1.3 (0.9-1.7) 

0.7 (0.5-1.01) 

 

1.1 (0.8-1.5) 

 

1.1 (0.8-1.4) 

2.8 (0.8-11) 

 

1.3 (0.9-1.8) 

0.9 (0.6-1.3) 

 

1.0 (0.8-1.4) 

Unconditional logistic 
regression adjusted for 
age, year of diagnosis 
and cryptorchidism. 

Hardell et al. 
(2007) 

Denmark 

1982-2002 

Ó18 

Cohort study 

357 553 male 
mobile phone 
subscribers   

Comparison 
group: the whole 
male Danish 
population who 
were not 
subscribers  

Ever subscriber, men 

 

 187 

    

 

1.05 (0.96-1.15) Standardized incidence 
ratios, by age. 

Corporate subscribers 
included in comparison 
group, constitute less than 
5% of unexposed. 

Vrijheid et al. 
(2006) 

Malignant melanoma and other skin cancers     

Sweden 

2000-2003 

20-77 

Malignant 
melanoma in 
the head and 
neck 

Case-control 

347/1184 
Population 
registry, matched 
on age and sex. 
Analyses included 
also controls 
matched to cases 
with skin cancers 
at other locations 

Mobile phone use, any type 

Never any type of wireless 

Ever 

Time since first use 

>1-5 year 

>5-10 years 

>10 years 

Cumulative hours of use 

Ò128 h 

>160 h 

Cordless phone use 

Ever 

Time since first use 

>1-5 year 

>5-10 years 

>10 years 

Cumulative hours of use 

Ò365 h 

>365 h 

 

   ? 

 223 

 

   85 

   81 

   57 

 

 120 

 103 

 

 138 

 

   80 

   41 

   17 

 

   64 

   74 

 

1.0 

1.0 (0.7-1.3) 

 

0.9 (0.7-1.3) 

1.0 (0.7-1.5) 

1.0 (0.71.5) 

 

1.0 (0.7-1.4) 

1.0 (0.7-1.4) 

 

0.9 (0.6-1.2) 

 

1.1 (0.7-1.5) 

0.8 (0.5-1.2) 

0.6 (0.4-1.1) 

 

0.9 (0.6-1.2) 

0.9 (0.6-1.4) 

Unconditional logistic 
regression adjusted for 
age, year of diagnosis. 

Hardell et al. 
(2011) 
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 1644 

12.1.3 Occupational RF exposure and cancer risk  1645 

12.1.3.1 Introduction 1646 

Information on cancer risks in relation to occupational RF exposure comes from three types of 1647 

epidemiological study designs: cohort studies, investigating a wide range of cancer (and non-cancer) outcomes 1648 

in groups with potential RF exposure followed up over time; case-control studies of specific cancer sites, 1649 

Denmark 

1990-2007 

Ó30 

358 403 mobile 
phone 
subscribers  

All Danes born in 
Denmark in 1925 
or later and alive 
in 1990, 3.21 
million persons 
included in the 
CANULI cohort 

Basal cell carcinoma 

Head and neck 

Ever subscriber, men 

Ever subscriber, women 

Time since first subscription 

Men 

1-4 years 

5-9 years 

10-12 years 

Ó13 years 

Time since first subscription 

Women 

1-4 years 

5-9 years 

10-12 years 

Ó13 years 

Squamous cell carcinoma 

Head and neck 

Ever subscriber, men 

Ever subscriber, women 

Time since first subscription 

Men 

1-4 years 

5-9 years 

10-12 years 

Ó13 years 

Malignant melanoma 

Head and neck 

Ever subscriber, men 

Ever subscriber, women 

Time since first subscription 

Men 

1-4 years 

5-9 years 

10-12 years 

Ó13 years 

 

 

1725 

  275 

 

 

  349 

  647 

  455 

  274 

 

 

    67 

    99 

    87 

    22 

 

 

  234 

    13 

 

 

    34 

    84 

    79 

    37 

 

 

    65 

      6 

 

 

    16 

    22 

    16 

    11 

 

 

0.98 (0.93-1.03) 

0.93 (0.82-1.05) 

 

 

1.01 (0.91-1.13) 

0.96 (0.89-1.04) 

0.96 (0.87-1.05) 

1.02 (0.90-1.15) 

 

 

1.02 (0.80-1.30) 

0.78 (0.64-0.95) 

1.02 (0.83-1.26) 

1.20 (0.79, 1.82) 

 

 

1.01 (0.88-1.16) 

0.85 (0.49-1.47) 

 

 

0.86 (0.61-1.21) 

1.01 (0.81-1.26) 

1.17 (0.93-1.48) 

0.91 (0.66-1.27) 

 

 

1.05 (0.80-1.37) 

0.76 (0.34-1.72) 

 

 

1.16 (0.69-1.94) 

1.01 (0.65-1.57) 

0.92 (0.55-1.54) 

1.20 (0.65-2.22) 

Log linear Poisson 
regression models, 
adjusted for age, calendar 
year, education, income. 

Exposed were 
subscribers between 
1987-1995. Non-
subscribers during the 
same period comparison 
group. Corporate 
subscribers could not be 
identified, constitute a 
small proportion of the 
unexposed population. 

Poulsen et al. 
(2013) 

UK 

1999-2005 ï 
followed 
through 2009 

Mean age 60.3 
(SD 5.1) 

Cohort study 

791 710 women 
participating in the 
UK Million 
Women Study, 
who answered a 
base-line 
questionnaire 
1999-2005 

2116 cases of 
melanoma 

Ever mobile phone user 

No 

Yes 

Daily use 

Duration of use Ó10 years 

 

 

  780 

1336 

  160 

  191 

 

1.0 

1.06 (0.96-1.16) 

1.06 (0.89-1.26) 

1.09 (0.92-1.29) 

Prospectively collected 
self-reported information 
on mobile phone use. 

Definition of ñuserò did not 
require a minimal amount 
of use.  

Cox proportional hazards 
models adjusted for age, 
area based SES, 
geographical region, 
height, BMI, smoking, 
alcohol, strenuous 
exercise, menopausal 
hormone therapy. 

Benson et al. 
(2013a) 
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investigating history of occupational RF among other exposures; and analyses of routinely collected datasets on 1650 

cancer incidence or mortality, in which risks of cancer have been assessed in relation to job title. The most 1651 

extensive literature addresses brain tumours and leukaemia. Most studies published before 1993 and therefore 1652 

reviewed in the previous WHO EHC report (WHO, 1993b) included only a few exposed cases each. Two cohort 1653 

studies with somewhat larger numbers are noted: Milham (1988) followed up a large cohort of male amateur 1654 

radio operators in the USA and observed significantly raised mortality from certain types of leukaemia  and 1655 

Robinette et al. (1980) found no difference in cancer mortality between US naval personnel occupationally 1656 

exposed to radar and those who were not. The following sections focus on studies published after 1992.  1657 

General shortcomings of published studies investigating occupational RF exposure in relation to 1658 

cancer risk are that exposures have been assessed retrospectively, and are often only based on likelihood of 1659 

exposure and exposure intensity rather than actual measurements. Many studies investigate particular 1660 

occupational groups, where RF exposure may come with the job, such as policemen, but there is no information 1661 

available on actual individual exposures. Such studies often lack a comparable unexposed control group and 1662 

compare incidence or mortality rates in the study population against the general population, but employed group 1663 

of subjects are often in better health than the general population overall (óhealthy worker effectô) or are 1664 

dissimilar in terms of socioeconomic status or lifestyle factors. The retrospective nature of the studies has the 1665 

consequence that information on other risk factors that could confound the association under investigation is 1666 

often not available. Most cohort studies had included small numbers of cancer cases by type of cancer, therefore 1667 

reducing the ability of the study to detect associations with risk. We discuss here results from cohort studies and 1668 

case-control studies separately, with results for main cancer types being summarised in Tables 1-7.  1669 

The literature search was focused to capture environmental and occupational sources of 1670 

radiofrequency electromagnetic fields and neoplasms. We identified 598 articles, 541 of which were excluded 1671 

because they were not relevant. Among the 57 articles that were judged as potentially eligible, 34 were excluded 1672 

because they were case series, reviews or letters to the editor with no new data and the remaining 23 were 1673 

included. We manually retrieved a further 31 articles through examination of cited papers and expert reports, 1674 

totalling 54 included articles in sections 12.1.3 and 12.1.4. 1675 

12.1.3.2 Cohort studies of occupationally exposed populations 1676 

Two populations of male electrical utility workers, one in Québec, Canada (Hydro-Québec) and one 1677 

in France (Électricité de France), were followed up for malignancies for the period 1970ï1988 and 1978ï1989, 1678 

respectively (Armstrong et al., 1994). Nested-case-control analyses of the 2679 cases of cancer identified during 1679 

follow-up were conducted in relation to pulsed EMF (PEMFs). Controls were chosen at random from risk sets 1680 

of cohort members surviving to the date of diagnosis of the case, and matched on cohort and year of birth. Four 1681 

controls were chosen for cases with haematological or brain cancers or melanoma, whereas one control was 1682 

chosen for other cancer sites. Exposures to pulsed electromagnetic fields were assessed through a job-exposure 1683 

matrix estimated separately for the two cohorts from measurement of 829 French and 466 Canadian workers 1684 

made in 1991ï1992. Each of these workers wore a positron meter for a week monitoring the proportion of time 1685 

during which the electric field was more than 200 V/m in the 5ï20 MHz range, measured in parts per billion. 1686 

Analyses were based on conditional logistic regression with case-control sets and further adjustment for 1687 

socioeconomic status, cumulative exposure to chemicals, and total duration of employment. No association was 1688 

observed with exposure to pulsed electromagnetic fields for leukaemia, other haematopoietic cancers, brain 1689 

cancer or melanoma, or at other sites, except for a significant excess of lung cancer. There was evidence for a 1690 

dose-response relationship with increasing cumulative exposure, calculated as the proportion of time greater 1691 

than 100 parts per billion (OR=1.27, 95% CI: 0.96ï1.68 for Ómedian and OR=3.11, 95% CI: 1.60ï6.04 for 1692 

Ó90th percentile. The association was limited to workers at Hydro-Québec and not present among the lesser 1693 

exposed workers at Électricité de France. The median value corresponded to 21.3% at Hydro-Québec and 2% at 1694 

Électricité de France, thus exposure levels were higher at the former. Adjustment for crude indicators of 1695 

smoking and other factors left the results little changed. The relative risk for Ó90th percentile was greatest for 1696 

exposures more than 20 years before diagnosis. [This finding could suggest causality or could be due to chance 1697 

because the many cancer sites analysed could have resulted in spurious significant associations. No corrections 1698 

for multiple comparisons were made.] 1699 

Cantor et al. investigated mortality records for 1984ï1989 from 24 states in the USA including 1700 

information on occupation and industry in order to identify workplace exposures potentially related to female 1701 

breast cancer risk (Cantor et al., 1995). Using a case-control approach and after excluding housewives, 33 509 1702 

female subjects who had died from breast cancer and 117 794 controls were randomly selected among non-1703 

cancer deaths by strata of age and ethnicity. A job exposure matrix was developed on the basis of professional 1704 
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judgment of an industrial hygienist, supported by the general occupational hygiene literature and two databases, 1705 

the NIOSHôs Job Exposure Matrix and the Integrated Management Information System of the Occupational 1706 

Safety and Health Administration. This was used to estimate the probability and level of 31 workplace 1707 

exposures, categorized as 0ï4 and 0ï3, respectively, with 0 being non-exposed. Analyses were conducted 1708 

separately for women of white and black ethnicity and were conducted for each of the 31 exposures, including 1709 

RF exposure. Among females of white ethnicity the odds ratio of a breast cancer death in relation to RF 1710 

exposure was raised for exposure probability group 3 (OR=1.15, 95% CI: 1.1ï1.2), but not for group 4 1711 

(OR=0.99, 95% CI: 0.8ï1.2), after adjusting for socioeconomic status and age. Odds ratios by exposure level 1712 

were significantly raised for category 1 and 3 but not for category 2. Among black females, odds ratios were 1713 

significantly raised in exposure probability categories 1 and 3, but not 2 and 4, and in exposure level categories 1714 

1 and 3. [This study did not have any information on any of the well-established risk factors for breast cancer. In 1715 

the absence of information on which particular jobs were associated with RF exposure, it is impossible to 1716 

evaluate whether they would attract women with a particular risk profile regarding to breast cancer, such as, for 1717 

example, jobs involving night shifts being more common among women without children, in the light of 1718 

nulliparity increasing breast cancer risk. The study was large so that associations of moderate size can reach 1719 

statistical significance, and many analyses were conducted increasing the probability of observing statistically 1720 

significant associations. No adjustment was made for multiple comparisons. Breast cancer was weakly 1721 

associated with certain categories of likelihood and level of RF exposure, but without a clear dose-response. It is 1722 

therefore likely that these findings were by chance or due to uncontrolled confounding.]  1723 

Cancer risks in relation to RF, ELF and light at night were investigated in a cohort of 2619 1724 

Norwegian female radio and telegraph operators, certified between 1920 and 1980, working at sea (Tynes et al., 1725 

1996). Such subjects had potential exposure to light at night, RF (405 kHzï25 MHz) and to ELF (50 Hz). Light 1726 

exposure at night is thought to decrease melatonin production by the pineal gland and it is hypothesised that this 1727 

might increase susceptibility to sex-hormone-related cancers. Information on incident cancer was obtained by 1728 

linking to the Cancer Registry of Norway for the period 1961ï1991. The observed number of cancers was 1729 

compared against those expected in the Norwegian female population standardised for age and calendar year. 1730 

There were 140 observed cancers over the follow-up time, with a SIR of 1.2 (95% CI: 1.0ï1.4). Among those, 1731 

50 were of breast cancer, with a significantly raised SIR of 1.5 (95% CI: 1.1ï2.0) and 12 of uterine cancer with 1732 

a SIR of 1.9 (95% CI: 1.0ï3.2). Relative risks were not appreciably raised for leukaemia (SIR=1.1, 95% CI: 1733 

0.1ï4.1), lymphoma (SIR=1.3, 95% CI: 0.4ï2.9) or brain cancer (1.0, 95% CI 0.3ï2.3). In a nested case-control 1734 

analysis of 50 breast cancer cases with four to seven matched controls drawn from the cohort, detailed job 1735 

histories were collected from the Norwegian Seamen Registry. Controls were selected among certified radio and 1736 

telegraph operators alive at the time of diagnosis and matched on year of birth. Duration of employment and 1737 

shift work was not associated with breast cancer risk diagnosed under age 50, but there were statistically 1738 

significant exposure-response relationships for both when restricted to ages at diagnosis of 50 years and over. 1739 

When shift work was adjusted for duration of employment and vice versa, the effect of shift work was stronger 1740 

than that of duration of employment, and tests for trend were no longer significant.  1741 

Szmigielski (1996) examined cancer incidence in the whole population of military career personnel in 1742 

Poland over the period 1971ï1985  and provided an update in 2001 extending the follow-up period with five 1743 

years to 1990 (Szmigielski, Sobiczewska & Kubacki, 2001; 2006). Only the second paper is discussed here, 1744 

because it is based on a longer time period and because it includes important information needed to interpret the 1745 

original study. The studied population was that of all career personnel in the Polish army in the age range of 25ï1746 

59 years during active service. The total population size is not disclosed but the population size averaged 1747 

124 500 subjects per year. Cancer diagnoses were ascertained from military hospital records and the central 1748 

military medical board, but it is unclear whether subjects who leave the services remain to be followed up for 1749 

cancer. Radiofrequency and microwave exposure assessment was based on military safety, service personnel 1750 

and health department records for all subjects, and for those who developed cancer also on records from hospital 1751 

and central medical board data. For the period 1985ï1990, case ascertainment was done prospectively, whereas 1752 

for 1971ï1985 this was conducted retrospectively. For the period 1985ï1990, additional information on RF was 1753 

also obtained from questionnaires given to personnel who had been newly diagnosed with a neoplasm. The 1754 

researchers assessed all service posts with RF/MW exposure for exposure levels in this period, allowing 1755 

classification into four exposure categories (1ï2, 2ï6, 6ï10, Ó10 W/m
2
). The annual average number of exposed 1756 

personnel was 3860. Annual cancer incidence rates in unexposed and exposed populations were calculated by 1757 

dividing the number of cancers by the population size in that year. The ratio of average annual rates between 1758 

exposed and unexposed personnel was then taken as the relative risk. Results were provided overall, in 10-year 1759 

age categories and for 12 cancer sites. The authors reported 138 neoplasms in exposed and 2355 in unexposed 1760 

personnel, with a relative risk of 1.83 (p<0.01). Raised relative risks were reported for several categories 1761 

including haematological and lymphatic cancers, cancers of the skin, nervous system, oesophagus and stomach, 1762 
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colon and rectum. Relative risks were greater than 3-fold for various subcategories of lymphatic cancer and 1763 

leukaemia, and were raised in all subgroups of age. It can be derived that leukaemia risk overall was more than 1764 

6-fold increased. About 85% of service men were deemed to have average exposure levels not exceeding 1765 

2 W/m
2
, with the remainder around 2ï6 W/m

2
; higher intensities were recorded incidentally. Fields were mostly 1766 

pulse-modulated RF/MW at 150ï3500 MHz. Cancer morbidity rates were over two-fold greater in subjects with 1767 

average levels of 6ï10 or >10 W/m
2
 compared with those 1ï2 W/m

2
. [The description of the study population 1768 

remains unclear. It is, for example, not stated whether women were included and whether there was adjustment 1769 

in the results for sex. Statistical methods employed are poorly described and unconventional for cohort studies. 1770 

Cancer occurrence appears to have been assessed cross-sectionally by year, instead of subjects having been 1771 

followed-up longitudinally. The calculated relative risks were not weighted for changes in population sizes over 1772 

years, and did not take into account difference in age- or sex- distribution (or changes over time in these 1773 

distributions) between the two groups. Using additional sources for exposure assessment such as hospital 1774 

records and supplementary questionnaires for diagnosed cases only gives substantial potential for bias in the 1775 

direction of an overestimation of risk because there is scope for extra sources of RF exposure to be added to 1776 

cases, but not to cohort members who did not develop cancer. The observation of a significantly raised risk for 1777 

all cancer sites overall supports the presence of such bias. The likely biases in this study, the unsatisfactory 1778 

design and statistical methods, and the unusually high observed relative risks have the consequence that this 1779 

study can be given little weight in the overall assessment.] 1780 

A cohort of 138 905 male workers employed in any of five electrical utility companies in the USA 1781 

between 1950 and 1986 was followed up for mortality (Savitz et al., 1997). Following the finding by Armstrong 1782 

et al. (1994) of an excess risk of lung cancer in relation to pulsed electromagnetic fields, the researchers 1783 

examined lung cancer deaths in this cohort. There were 1692 deaths from lung cancer during follow-up ending 1784 

in December 1988. Follow-up was based on the National Death Index from 1979; the earlier period was covered 1785 

through multiple sources. Job titles were grouped into 28 categories for assignment of exposure. In addition to 1786 

exposure to 60 Hz magnetic fields, which is not in the remit of this report, exposure to pulsed EMFs was 1787 

estimated by assuming that workers with similar work activities as in the Hydro-Québec component of the study 1788 

by Armstrong et al. would have the same scores. Units were derived as the proportion of workers exceeding the 1789 

100 parts per billion (ppb) threshold (see the description of Armstrong et al. (1994) above)  and the duration of 1790 

work in each job. Analyses were adjusted for age, calendar time, ethnicity, social class, active vs. inactive work 1791 

status, and years of exposure to occupational lung carcinogens. Data on tobacco smoking were, however, not 1792 

available. No significantly raised rate ratios were observed for any of the categories of years in exposed 1793 

occupations, in 10 year age groups, with an exposed job defined as one in which more than 25% of the 1794 

measurements exceeded the 100 ppb time threshold. Cumulative exposure was derived as the proportion of 1795 

workers in the job group exceeding the 100 ppb time threshold and the duration of work in each job. For total 1796 

exposure, rate ratios were between 1.3 and 1.4 in the above background categories, with weak evidence for a 1797 

dose-response. These associations were similar when analysed by time since exposure. [No formal statistical 1798 

tests for trend were reported. The evaluation of pulsed EMFs was tenuous because the positron meter used in the 1799 

study by Armstrong et al. (1994) had been found to respond to much higher frequencies than intended 1800 

(including mobile phone frequencies), and because the current study assumed exposure levels to be the same as 1801 

in that study. The uncertainties in exposure assessment and the weak associations observed either suggests that 1802 

there is an association with pulsed EMF but errors in exposure assessment have attenuated the rate ratios or that 1803 

there is no association, with residual association due to confounding (e.g. cigarette smoking) or biases.] 1804 

A small cohort of 481 female and 201 male plastic-ware workers exposed to RF EMF generated by 1805 

dielectric heat sealers in Italy was followed up for mortality over 1962ï1992 (Lagorio et al., 1997).  Study 1806 

subjects were derived from a single manufacturing plant and could be categorised into RF-sealer operators, 1807 

other labourers, and white-collar workers. There were 15 deaths among females, and one among males, during 1808 

the study period, ascertained through the Registry Office of the municipalities of residence and death. The SMR 1809 

for all cancer mortality among female RF-sealer operators was slightly elevated (SMR=2.0, 95% CI: 0.7ï4.3), 1810 

but with large imprecision due to small numbers of deaths. [Analyses were conducted by specific cause of death 1811 

with only single observed deaths in individual categories, which could therefore not be meaningful. There was 1812 

also one death among all males overall, too few to conduct analyses.] 1813 

Finkelstein et al. retrospectively assessed cancer incidence in a cohort of  22 197 police officers in 1814 

Ontario, Canada, due to  concerns about health effects from police radar (Finkelstein, 1998). The cohort was 1815 

assembled from lists of officers and retirees employed since 1970, or a later date if no earlier records were 1816 

available, from 83 participating Ontario police departments. There was no information on individual exposure to 1817 

radar. Information on cancer and mortality was obtained by probabilistic linkage to the Ontario Cancer Registry 1818 

and the Ontario Mortality Database. Follow-up started on the date of employment or at which complete cohort 1819 
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identification was possible at the specific department, whichever was later, and ended at the end of 1995. 1820 

Among male police officers, there was no increased risk of cancer overall (age and calendar-year adjusted 1821 

SIR=0.90, 95% CI: 0.83ï0.98) compared with the population of Ontario, or for cancer overall excluding lung 1822 

cancer (SIR=0.96, 95% CI: 0.88ï1.05), for which the SIR was particularly low (SIR for lung cancer=0.66, 95% 1823 

CI: 0.52ï0.82). Risk was elevated for melanoma (SIR=1.45, 95% CI: 1.10ï1.88), and non-significantly so for 1824 

testicular cancer (SIR=1.30, 95% CI: 0.89ï1.84) and prostate cancer (SIR=1.16, 95% CI: 0.93ï1.43). There 1825 

were 16 cases of incident brain tumours, with no increased risk compared with the population (SIR=0.84, 95% 1826 

CI: 0.48ï1.36). When follow-up was evaluated from start of employment for all officers, the SIR for testicular 1827 

cancer was borderline statistically significant (SIR=1.33, 95% CI: 1.0ï1.74). Among female officers, only 11 1828 

tumours were observed (SIR=0.77) and no further analyses were reported. [The lack of exposure assessment and 1829 

of an internal unexposed control group necessitates the use of general population rates to derive estimates of 1830 

relative risk in this study. Comparison of cancer rates in this occupational group against the general population 1831 

rates is, however, problematic, in particular for cancers which are strongly associated with lifestyle, because the 1832 

group of interest might be different with regard to lifestyle and other confounding factors. The strong reduction 1833 

in risk of lung cancer rate suggests lower cigarette smoking prevalence and associated with this, a higher 1834 

socioeconomic profile of police officers compared with the general population. Both testicular cancer and 1835 

melanoma risks are positively associated with socioeconomic status, which could have contributed to the 1836 

findings related to these neoplasms. The raised risk of melanoma might be due to increased sun light exposure 1837 

due to holidays or certain characteristics of their profession. Analyses of follow-up from start of employment 1838 

during years that employment records were not complete might have introduced bias due to those not on the 1839 

records being different in relation to cancer risk.] 1840 

A large cohort study of employees of Motorola, a manufacturer of wireless communication products, 1841 

was followed up for mortality in the United States (Morgan et al., 2000). Workersô exposures occurred at 1842 

frequencies of 30, 150 and 450 MHz for two-way radios (from 1960s), 800 MHz for mobile phones and higher 1843 

frequencies for microwave communications. The cohort comprised 195 775 employees who had had at least 6 1844 

months of cumulative employment, contributing 2.7 million person-years over a period of 20 years (1976ï1845 

1996). Information on employeeôs job code and start and end dates of employment were extracted from the 1846 

companyôs electronic personnel files, and on vital status was derived from the US Social Security 1847 

Administrationôs Master Mortality File and the US National Death Index. No data existed from personal 1848 

exposure monitoring, but relative exposures were classified into óbackgroundô, ólowô, ómoderateô and óhighô 1849 

based on business sectors, work site, job code and descriptions, calendar period and expert assessments. Expert 1850 

assessments were conducted óblindedô to disease status of the individual. There were 6296 deaths, and mortality 1851 

rates compared to those of Arizona, Florida, Illinois and Texas, where most of the companyôs facilities were 1852 

located, were significantly reduced for all causes (SMR=0.66, 95% CI: 0.64ï0.67) and for cancer specifically 1853 

(SMR=0.78, 95% CI: 0.75ï0.82), after adjusting for age, sex and ethnicity. Likewise, SMRs for individual 1854 

cancer types such as lymphatic or haematopoietic cancer and central nervous system cancer was reduced in the 1855 

entire cohort as well as in the group of employees considered to have had moderate or high RF exposure. 1856 

Further analyses showed that SMRs for these causes did not increase with increased duration of employment. To 1857 

reduce bias due to the óhealthy worker effectô, internal cohort comparisons to estimate relative risks for usual, 1858 

peak and cumulative RF exposure scores were conducted with adjustment for age, sex and calendar period of 1859 

employment, which showed rate ratios near or below 1.0 for brain cancers, lymphatic and haematopoietic cancer 1860 

and non-Hodgkinôs lymphoma. There were no trends of relative risk with exposure duration or with latency 1861 

assumptions (5, 10, 20 years).  1862 

Groves et al. (2002) reported an update of the cohort study by Robinette et al. (1980) of mortality in 1863 

40 581 male US Navy veterans of the Korean war who had graduated into the Navy during 1950ï1954 and had 1864 

potential exposure to high intensity radar. Radar or radio operator and aviation electrician's mate jobs were 1865 

classified as ólow radar exposure potential' (usually well below 10 W/m
2
) and aviation electronic technician, 1866 

electronics technician and fire control technician as óhigh radar exposure potentialô (potential to exceed 1 kW/m
2 

1867 

but usual exposures less than 10 W/m
2
). The cohort was followed up to 1997 with the use of beneficiary records 1868 

of the Department of Veterans and matching against the US Social Security Administrationôs Death Master file 1869 

and the US National Death Index for 1979ï1997. There were 8393 deaths during the follow-up period. 1870 

Compared against white males in the USA, standardised mortality ratios for overall mortality were reduced for 1871 

the cohort overall (SMR=0.74, 95% CI: 0.73ï0.76 for the entire cohort) and for the high (SMR=0.69, 95% CI: 1872 

0.67ï0.71) and low exposure (SMR=0.80, 95% CI: 0.78ï0.82) cohort separately, after controlling for age at 1873 

entry and attained age. Likewise, SMRs were reduced in all groups for cancer-specific mortality and for the high 1874 

radar exposure potential group for brain cancer (SMR=0.71, 95% CI; 0.51ï0.98). There were no significantly 1875 

raised mortality rates for specific types of cancer. There was a tendency for deaths from all cancers, lung cancer, 1876 

lymphoid malignancies and brain cancer to be less common in the high exposure group than in the low exposed 1877 
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group. For leukaemia deaths, the SMR was 1.14 (95% CI: 0.90ï1.44) in the high radar exposure potential group, 1878 

0.77 (95% CI: 0.58ï1.04) in the low exposure potential group and 0.96 (95% CI: 0.80ï1.16) in the overall 1879 

cohort. When the high and low exposure groups were compared, there was an excess risk of death in the high 1880 

exposure group from leukaemia (RR=1.48, 95% CI: 1.01ï2.17) and non-lymphocytic leukaemia specifically 1881 

(RR=1.82, 95% CI: 1.05ï3.14). Relative risks for all leukaemia compared with the low exposure group were 1882 

statistically significantly raised for highly exposed aviation electronic technicians (RR=2.60, 95% CI: 1.53ï1883 

4.43), but not for highly exposed electronics technicians (RR=1.30, 95% CI: 0.83-2.03) or fire control 1884 

technicians (RR=1.04, 95% CI: 0.48-2.27) or low exposure aviation electrician mates (RR=1.12, 95% CI: 0.39-1885 

3.19). [This cohort study had the strengths of being large with long duration of follow-up, and relatively good 1886 

exposure assessment, but had the limitation that only mortality and not incidence was investigated, and there 1887 

was no information on confounders. Mortality rates were generally considerably lower in this cohort compared 1888 

with the general population, a likely manifestation of the selection of physically fit subjects into the navy. 1889 

Internal comparisons, however, showed that excess leukaemia mortality was particularly evident in aviation 1890 

electronics technicians, but it is not clear why this raised risk was not present in other occupations with similarly 1891 

high exposure levels.]  1892 

In a retrospective cohort study, mortality was compared between 4417 Belgian men who served in 1893 

anti-aircraft radar units in Germany at some time during 1963ï1994 and 2932 Belgian men who worked in 1894 

military units that were not equipped with radar in the same region (Degrave et al., 2009). Modelled exposure 1895 

levels for typical job locations ranged between 10ï500 V/m. There were 424 deaths in the exposed and 271 1896 

deaths in the unexposed group over the period 1968ï2004. There was no significant difference in overall 1897 

mortality between the two groups, nor a trend with duration of service in exposed jobs, after adjusting for age. 1898 

Cause-specific mortality was raised for neoplasms (RR=1.23, 95% CI: 1.03ï1.47), and specifically lymphatic 1899 

and haematopoietic neoplasms (RR=7.22, 95% CI: 1.09ï47.9) and eye, brain and other nervous system 1900 

neoplasms (RR=2.71, 95% CI: 0.42ï17.49). Comparison against national mortality statistics rather than the 1901 

control group showed decreased standardised mortality ratios for cancer, for both the exposed and unexposed 1902 

groups. There was a non-significant increase of cancer mortality compared with the control group with length of 1903 

service in radar battalions, but cancer mortality was not greater in subjects who had served before shielding of 1904 

microwave generators was introduced (late 1970s). Cause of death could only be established from the national 1905 

death registry for 71% of exposed and 70% of control subjects, and had to be obtained from reports from 1906 

relatives of the deceased for other deaths, and remained unknown for about 10 percent of subjects. [This 1907 

incompleteness of cause of death ascertainment leaves open the potential for bias. The radar had an average 1908 

radiated power of 1.5 kW and peak power in pulses of about 500 kW, and also emitted ionising radiation, and 1909 

there is therefore the possibility that the raised leukaemia incidence was due to the latter.] 1910 

12.1.3.3 Case-control studies 1911 

12.1.3.3.1 Brain and other intracranial tumours 1912 

Grayson (1996) investigated risk of primary malignant brain tumour in relation to a range of EMF 1913 

exposures in a case-control analysis nested within a cohort composed of all male members of the US Air Force 1914 

who had completed at least one full year of service between 1 January 1970 and 31 December 1989. Incident 1915 

cases were identified through screening of hospital discharge records of individuals who were serving in the US 1916 

Air Force during the study period.  Four controls per case were selected, exactly matched on year of birth and 1917 

ethnicity, and being in the Force at the time of the caseôs diagnosis. A job-exposure matrix was developed for 1918 

exposure assessment, based on job titles, including allowance for changes in intensity scores over time. Job titles 1919 

were classified as having ónoô, ópossibleô and óprobableô potential for exposure to RF/MW frequencies. The 1920 

óprobableô category was assigned to occupations that had been reported to have been overexposed in the past, 1921 

essentially all occupations involved in maintenance and repair of RF/MW transmitters. The ópossibleô category 1922 

was assigned to job categories involving the operation of such transmitters for which excessive exposures had 1923 

not been reported. All other job categories were considered unexposed. The analyses included 230 cases and 1924 

920 matched controls. Odds ratios were non-significantly raised for ever having had potential exposure to ELF 1925 

(OR=1.28, 95% CI: 0.95ï1.74) and significantly raised for ever exposure to RF/microwave (OR=1.39, 95% CI: 1926 

1.01ï1.90) after adjusting for age, ethnicity and senior military rank. There was no clear evidence for dose 1927 

response according to categories of product of exposure intensity score and duration in the specific job, 1928 

however. No association was reported for ionising radiation exposure, but numbers of exposed subjects were 1929 

much lower than for non-ionising radiation. [There was no attempt to identify cases from subjects who had left 1930 

the Air Force, which is a drawback especially for brain tumours which may take long to develop.] 1931 
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Berg et al. (2006) investigated the association between risk of glioma or meningioma and 1932 

occupational RF field exposure based on data from the German Interphone study. Cases diagnosed aged 30 to 1933 

59 years (October 2000ïSeptember 2001) or aged 30 to 69 years (October 2001ïOctober 2003) were recruited 1934 

from the four neurosurgical clinics in the study regions of Bielefeld, Heidelberg/Mannheim and Mainz. Controls 1935 

were selected from compulsory population registers in the three regions matched to cases on age, sex and centre. 1936 

Participation rates were 80% for glioma, 88% for meningioma, and 63% for controls. Information on past 1937 

exposures was collected by personal computer-assisted interview, which included questions on occupational 1938 

activities related to RF/MW fields such as use of industrial heating equipment, use of radar, manufacturing 1939 

semiconductor chips or microelectronic devices and work with broadcasting/telecommunication antennae and 1940 

masts. Job activities were grouped into óno exposureô, ónot probableô, óprobableô, óhighô RF fields exposure 1941 

based on an activity-exposure matrix.  Analyses were adjusted for region, sex, socioeconomic status, 1942 

urban/rural, age at diagnosis, cigarette smoking status and ionising radiation exposure. Those with highly 1943 

probable exposure had an odds ratio of glioma of 1.22 (95% CI: 0.69ï2.15) overall and among those, subjects 1944 

with more than 10 years of exposure had an odds ratio of 1.39 (0.67ï2.88). For meningioma, these odds ratios 1945 

were 1.34 (95% CI: 0.61ï2.96) and 1.55 (95% CI: 0.52ï4.62), respectively, the latter based on 6 exposed cases. 1946 

There was no association of glioma (OR=1.04, 95% CI: 0.68ï1.61) or meningioma risk (OR=1.12, 95% CI: 1947 

0.66ï1.87) in relation to the combined groups of probable and high potential RF/MW exposure vs. none or not-1948 

probable exposure. 1949 

Karipidis et al. (2007a) conducted a case-control study of glioma in relation to occupational exposure 1950 

to ionising and non-ionising radiation in Melbourne, Australia. Histologically confirmed cases first diagnosed 1951 

1987ï1991 at ages 20ï70 years were recruited from 14 Melbourne hospitals, with controls selected from 1952 

electoral roll in the study area matched by age, sex and postcode of residence. Exposure assessment was based 1953 

on a detailed job history obtained from each subject by self-administered questionnaire followed by face-to-face 1954 

interview, and included self-reported RF and ionising radiation exposure. This information was evaluated 1955 

against a Finnish job exposure matrix (FINJEM) and job histories were also evaluated by expert review to 1956 

evaluate the potential for exposure. The study included 416 cases and 422 controls, accounting for 66% of cases 1957 

and 65% of controls who were eligible and with whom contact was made. For 44% of cases and 2% of controls 1958 

a next of kin was interviewed instead of the subject due to death or disability. Only eighteen cases and 17 1959 

controls had been occupationally exposed to RF, jobs with the highest numbers being plastic product workers, 1960 

telephone installation crew, line men and cable jointers, physiotherapists and woodworking occupations. There 1961 

was no trend of odds ratios in relation to cumulative exposure to RF, adjusted for sex, age and years of 1962 

education, with tertile of exposure (OR=0.57, 95% CI: 0.16ï1.96, OR=1.80, 95% CI: 0.53ï6.13, and OR=0.89, 1963 

95% CI: 0.28ï2.81 for exposed tertiles 1, 2 and 3 versus no exposure, respectively). Odds ratios of risk in 1964 

relation to number of years of exposure were not significantly raised for any category, whether exposures were 1965 

based on self-report or on expert assessment. [Participation rates were not particularly high in this study, leaving 1966 

open the possibility for selection bias and additionally, for a high proportion of cases a proxy was interviewed 1967 

which could have under or overestimated reported exposures.] 1968 

Spinelli et al. (2010), in their case-control study of glioma (discussed in Section 12.1.2.1), also 1969 

investigated risk in relation to occupational sources of RF, among many other residential and occupational 1970 

exposures, but observed no association with microwave frequency field exposure, based on 7 and 4 exposed 1971 

cases and controls respectively (OR=1.20, 95% CI: 0.30ï4.77). 1972 

A case-control study in Gironde, France, of brain and other intracranial tumours  in relation to EMF 1973 

exposure was reported by Baldi et al. (2011). The study included 105 gliomas, 67 meningiomas and 23 1974 

neurinomas. The authors state these comprised cases diagnosed between May 1999 and April 2001 in the 1975 

Gironde area, but the source of case ascertainment and its completeness is not stated. Controls were randomly 1976 

selected from the local electoral rolls, with two controls per case individually matched on age, sex and area. 1977 

Participation rates were 70% for cases and 69% for controls. Job histories were collected by personal interview 1978 

for every job lasting more than six months, which was assessed on type of EMF, exposure duration and 1979 

exposure probability. Furthermore, in a second step, expert judgment was compared against a Swedish Job 1980 

Exposure Matrix, prioritising expert judgment in case of disagreement. Only 7 cases and 16 controls were 1981 

occupationally exposed to RF, with a relative risk of 1.50 (95% CI: 0.48ï4.70) for all intracranial tumours. For 1982 

glioma specifically, the relative risk was 1.44 (95% CI: 0.50ï4.13), with numbers being too small for other 1983 

tumour types. 1984 
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Studies with uncertainties related to inclusion criteria 1985 

A case-control study in the USA (Warren et al., 2003) examined risks of intratemporal facial nerve 1986 

tumours in relation to mobile phone use and occupational RF exposures (previously discussed in Section 1987 

12.1.2.1). The study was small and was not population-based. It included 51 cases of acoustic neuroma and 18 1988 

of intratemporal facial nerve tumours, with cases obtained from the fiscal database at a tertiary care centre. 1989 

Controls were selected from the same database matched on age, sex and ethnicity, and were distributed in three 1990 

groups: those with (1) rhinosinusitis (2) dysphonia or gastroesophageal disease (3) acoustic neuroma, the latter 1991 

as an intermediate-exposure comparison group. Risk factor information was collected by telephone interview. 1992 

No associations were observed with occupational exposures to RF. [Response rates are not stated and it is 1993 

therefore not clear how many subjects were excluded for various reasons. The study is given little weight in the 1994 

overall assessment, and is not included in the table.] 1995 

12.1.3.3.2 Ocular melanoma 1996 

Holly et al. conducted a case-control study to investigate risk factors for intraocular (uveal) 1997 

melanoma (Holly et al., 1996). They recruited patients diagnosed with uveal melanoma at the Ocular Oncology 1998 

Unit at the University of California San Francisco, or patients referred to the centre for treatment between 1999 

January 1978 and February 1987. White males between 20ï74 years of age at diagnosis and resident in 11 2000 

specified states were considered eligible for the study. A total of 221 men were interviewed, corresponding to a 2001 

participation rate of 93%. All cases were histopathologically confirmed. Two male white controls per case were 2002 

recruited matched on geographic area and age group by random digit dialing methods, with a participation rate 2003 

of 74%. The questionnaire was administered by telephone by trained interviewers and included demographic 2004 

characteristics, occupational history and information about chemical exposures. Information about six 2005 

occupations that subjects had held the longest was coded to the Alphabetical Index of Industries and 2006 

Occupations and analyses were conducted according to groups of similar occupations. Information on ever 2007 

having worked with or having had regular exposure to chemicals, defined as at least 3 hours a week for at least 6 2008 

months, was also obtained. Analyses were conducted by occupational group, chemical exposures, and ever 2009 

exposure to microwaves or radar (excluding home microwave ovens). It is not stated how information about 2010 

microwaves or radar had been obtained but it can be implied it was added to the questions about chemical 2011 

exposures. There were 21 cases and 22 controls who had ever had exposure to microwave or radar, 2012 

corresponding to an odds ratio of 2.1 (95% CI: 1.1ï4.0). Analyses were adjusted for age, number of large naevi, 2013 

eye colour, and tanning or burning response to half hour sun exposure in the summer. [The fact that this odds 2014 

ratio related to óeverô exposure, with no further data to investigate dose-response, the small numbers of subjects 2015 

and the lack of information about how this information was collected do not give confidence in the results.] 2016 

Stang et al. (2001) examined risk of ocular melanoma in relation to occupational exposures to various 2017 

sources of electromagnetic fields in Germany. The 118 cases were obtained from two sources: 37 from a 2018 

population-based study (84% participation rate) and 81 from a single hospital (88% participation rate). In total, 2019 

475 controls were included: 327 population-based controls chosen at random from a population register (48% 2020 

participation rate) and 148 hospital-based controls (79% participation rate) with ocular disease, matched on sex, 2021 

age and region of residence. Participants were interviewed about a variety of lifestyle and medical factors, 2022 

occupational history and sources of EMF. They reported a raised risk of ocular melanoma in subjects with self-2023 

reported exposure for at least 6 months for several hours per day to radio sets (OR=3.3, 95% CI: 1.2ï9.2), which 2024 

was stronger for the population-based than for the hospital-based study (OR=4.6, 95% CI: 1.0ï19.2 and 1.8, 2025 

95% CI: 0.3ï14.3, respectively). There was no relation to duration of exposure, however, and risk was not raised 2026 

for radar exposure (OR=0.4, 95% CI: 0.0ï2.6). [The study was small, and combined subjects from two different 2027 

study designs. The choice of controls with ocular disease is a potential concern if such disease were associated 2028 

with EMF exposures. While population-based controls are generally considered methodological superior to 2029 

hospital-based controls, participation rates among population-based controls were low, which could have 2030 

introduced selection bias. It is not reported whether the study hypotheses were revealed to participants at the 2031 

time of invitation to the study, which could have resulted in biased participation, either by weakening or by 2032 

artificially increasing the association.]  2033 

A case-control study conducted in nine European countries investigated risk of ocular melanoma in 2034 

relation to occupational exposure to EMF (Behrens et al., 2010). In total, 293 incident cases of ocular melanoma 2035 

and 3198 controls aged 35ï69 years, with controls being population-based or hospital-based depending on the 2036 

country, were interviewed about past jobs involving EMF including RF. Cases were diagnosed between 1994ï2037 

1997 with ascertainment being nationwide in Denmark and Latvia, from certain administrative areas in France, 2038 

Germany, Italy and Sweden, from hospital recruitment areas in Spain and Portugal, and from a single eye clinic 2039 
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in the United Kingdom. Controls were matched by region, sex and 5-year age group. Participation rates were 2040 

82% for cases, 62% for population-based controls and 86% for hospital-based controls. Classification of 2041 

exposure to radar units was based on assumptions as published by Baumgardt-Elms et al. (2002), which used 2042 

expert opinion and measurements from unpublished expert reports. Analyses were adjusted for country and 5-2043 

year age groups, sex, eye colour, skin tone, number of episodes of eye burns, alcohol consumption and 2044 

educational level. None of the female subjects had been exposed to radar, and among men, there was no 2045 

association of risk with potential exposure to radar units. [The number of exposed cases and the effect estimates 2046 

were not reported.] 2047 

12.1.3.3.3 Testicular cancer 2048 

Hardell et al. (1998) conducted a case-control study of risk factors for testicular cancer in the Middle 2049 

and Northern parts of Sweden. Cases aged 30ï75 years incident during 1989ï1992 reported to the Swedish 2050 

Cancer Registry were recruited into the study. Two controls per case were selected from the Swedish population 2051 

register matched on year of birth. The study included 148 cases and 314 controls, with participation rates of 2052 

91% and 87%, respectively. Self-administered questionnaires were used to obtain information on a range of 2053 

occupations and occupational exposures. Non-significantly raised risks were observed for amateur radio 2054 

operators (OR=2.2, 95% CI: 0.7ï6.6), work with radar equipment (OR=2.0, 95% CI: 0.3ï14.2) and work as 2055 

engineer in the electronics and telecommunications industry (OR=2.3, 95% CI: 0.87ï6.7). [These relative risks 2056 

were based on very small numbers of exposed subjects and the study did therefore lack statistical power to 2057 

detect an effect if there were indeed one.] 2058 

A German population-based case-control study of testicular cancer investigated risk in relation to 2059 

occupational exposures from proximity to mobile phones, radio and radar, ascertained by personal interview 2060 

(Baumgardt-Elms et al., 2002). The study area comprised five German geographic regions covering a population 2061 

of about 1.5 million male residents at ages 15ï69 years. In total, 269 cases of testicular cancer incident during 2062 

1995 and 1997 were recruited through an active reporting system of clinical and pathological departments in the 2063 

study regions. In total, 797 age- and region-matched controls were randomly selected from population registers 2064 

within strata of region and five-year age group. Participation rates were 76% and 57%, respectively. Data were 2065 

collected on five categories of EMF exposure, including radiofrequency emitters and radar units in the RF 2066 

spectrum. A weighted score was calculated taking into account the duration of self-reported exposure in years 2067 

and distance to the source (Ó30 m, 10ï29 m, 0ï9 m). Relative risk was close to unity  in men who reported ever 2068 

working near radiofrequency transmitters (OR=0.9, 95% CI: 0.60ï1.24) based on 50 exposed cases and 166 2069 

exposed controls. It was neither raised or reduced in those who reported to have ever worked near radars 2070 

(OR=1.0, 95% CI: 0.60ï1.75), based on 22 exposed cases and 58 controls, and was non-statistically 2071 

significantly reduced in those who were assessed by experts to have had radar exposure based on their 2072 

occupational history (OR=0.4, 95% CI: 0.1ï1.2). Analyses were adjusted for age and region. Analyses of risk by 2073 

tertiles of a score weighted by duration and distance did not show significantly raised associations. 2074 

[Participation rates of cases and controls were relatively low which could have affected the findings either 2075 

upwards or downwards.] 2076 

12.1.3.3.3 Other malignancies 2077 

La Vecchia et al. (1990) conducted  a hospital-based case-control study in Greater Milan, Italy, of 2078 

occupational exposures in relation to bladder cancer risk. The study included 263 cases with histologically 2079 

confirmed bladder cancer ascertained from teaching and general hospitals in the study region and 287 controls 2080 

were recruited for a wide range of acute, non-neoplastic and non-urinary tract diseases in the same hospitals. It 2081 

was reported that less than 3% of cases and controls refused to be interviewed. The study was conducted 2082 

between 1985 and 1988. Subjects were interviewed with a structured questionnaire including a wide range of 2083 

questions on sociodemographic, lifestyle and occupational exposure characteristics, including radar exposure. 2084 

Analyses were adjusted for age, sex and cigarette smoking. The study reported no association with radar, but 2085 

numbers of exposed subjects and relative risks were not reported. [The lack of information on exposed numbers 2086 

gives this study little weight. It was unclear whether this study included only newly diagnosed patients during 2087 

the study period.] 2088 

Karipidis et al. (2007b) conducted a population-based case-control study of non-Hodgkinôs 2089 

lymphoma (NHL) in Australia. The study consisted of 694 NHL cases diagnosed in two regions in Australia 2090 

during 2000ï2001 ascertained from the New South Wales Central Cancer Registry, and 694 population-based 2091 

controls matched by age, sex and region of residence selected from electoral roll. The participation rate was 2092 

61% for controls, and it was stated that 85% of approached cases participated, but it was not stated how many 2093 
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cases could not be approached for example because they had died before their existence was notified to the 2094 

research team.  A detailed occupational history was obtained by a mailed self-administered lifetime calendar and 2095 

an extensive (60-minute) telephone interview. Exposure to ionising, UV, RF, ELF radiation was assessed using 2096 

a Finnish job-exposure matrix. Analyses were adjusted for the matching variables and ethnicity. There was a 2097 

suggestion that odds ratios increased in relation to a measure of cumulative exposure to RF (W/m
2
-years, the 2098 

product of level and duration of exposure), but this was based on very small numbers and none of the odds ratios 2099 

or the trend test reached statistical significance. In the highest category of 175ï900 W/m
2
-years, the odds ratio 2100 

was 3.15 (95% CI: 0.63ï15.87), based on 6 exposed cases.  2101 

 2102 
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Table 12.1.8. Studies of haematological or lymphopoietic cancer incidence and mortality in people occupationally exposed to RF EMF 

Country 

Time period 

Study design 
and population 

Exposure source 
and assessment 

 Outcome and subgroups No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

Comments Reference 

Canada and France 

1970ï1988 (Quebec) 
1978ï1989 (France) 

Nested case-
control of 
electrical utility 
workers  

302 cases, 1193 
controls, males 
only 

Adult 

Pulsed EMF, >200V/m 
in 5ï20 MHz range 

Job-exposure matrix 
based on 100 person-
weeks of 
measurements from 
exposure meters worn 
by workers to derive 
estimates of short-
duration PEMFs or 
high-frequency 
transient fields 

 Incidence of leukaemia 
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
57/201 
38/173 
9/28 

 
 
1.00 
0.69 (0.40ï1.17) 
0.80 (0.19ï3.36) 

Controls 
selected at 
random from 
the casesô 
risk set and 
matched by 
utility and 
year of birth. 
Analyses 
adjusted for 
case-control 
set and 
socioeconom
ic status, 
exposure to 
chemicals, 
duration of 
employment. 

Armstrong et 
al. (1994) 

 Incidence of haematological 
cancer 
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
 
167/672 
135/521 
28/101 

 
 
 
1.00 
0.90 (0.65ï1.25) 
0.96 (0.48ï1.90)  

 

 Incidence of  Hodgkin's disease 
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
43/169 
24/97 
4/12 

 
 
1.00 
0.90 (0.43ï1.89) 
1.33 (0.23ï7.68) 

 

   Incidence of Non-Hodgkinôs 
lymphoma 
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
 
54/252 
56/183 
13/40 
 

 
 
 
1.00 
1.41 (0.83ï2.38) 
1.80 (0.62ï5.25) 

 

    Incidence of multiple myeloma  
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
13/50 
17/68 
2/21 

 
 
1.00 
0.84 (0.30ï2.34) 
0.20 (0.03ï1.39) 
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Norway 

1961ï1991  

Cohort of 
women certified 
as radio and 
telegraph 
operators 1920-
1980 

2619 females 

Adult 

Radio and telegraph 
operators on merchant 
ships with potential 
exposure to RF fields 

 Incidence (SIR) 
Leukaemia 
Lymphoma  

 
2 
5 

 
1.1 (0.1ï4.1) 
1.3 (0.4ï2.9) 

Adjusted for 
age, time 
since 
certification, 
calendar 
year, age at 
first 
childbirth. 
Also 
exposed to 
light at night. 

Tynes et al. 
(1996) 

Poland 

1971ï1990 

Annual rates in 
all career 
personnel in 
Polish army 

124500 subjects 
(3860 exposed) 

25-59 y 

Exposure of personnel 
to RF/MW 

Military safety, service 
personnel/health 
department records, 
for cases also hospital 
records and 
questionnaire 

 Incidence of 
haematological/lymphatic cancer  
Ever exposed (RR) 
No 
Yes 

 
 
 
211 
36 

 
 
 
1.00 
5.33 (p=0.01) 

Cross-
sectional 
study. For all 
cancers 
combined, 
RR=1.83, 
(p=0.01). 
Multiple 
sources to 
identify 
exposure 
among 
cases, but 
not among 
non-cases. 

Szmigielski 
et al. (1996; 
2001; 2006) 

Incidence of leukaemia 
Ever exposed (RR) 
No 
Yes 

 
 
19 
88 

 
 
1.00 
6.55 (p<0.01) 

Italy 

1962ï1992 

Cohort of  Italian 
plastic factory 
workers  

481 females 

Adult 

RF field exposure 
through work in 
dielectric heat sealing 
department 

Unclear, reports that  
>10 W/m

2
 frequently 

exceeded 

 Mortality from leukaemia (SMR) 1 5.0 (1.27ï27.9) Sex, age, 
calendar 
period-
specific 
SMRs. 

Lagorio et al. 
(1997) 

Canada 

1964ï1985  

Cohort of police 
officers in 
Ontario, Canada 

22197 subjects, 
both sexes 

Adult 

Potential exposure to 
traffic radar 

Not assessed 

 Incidence (SIR) 

Leukaemia 

 

12 

 

 

0.60 (0.31ï1.05) 

 

Analyses for 
males only, 
standardised 
for age and 
calendar 
year. 

Finkelstein 
(1998) 

 Hodgkinôs disease 8 0.84 (0.36ï1.66) 
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USA 

1976ï1996 

Cohort of US 
Motorola 
employees 

95775 subjects, 
both sexes 
(24621 exposed) 

Adult 

Moderate or high peak 
RF exposures through 
design, manufacture 
and testing of wireless 
devices 

Job title with 
expert 
assessment of 
usual exposures 

Mortality from 
lymphatic/haematopoetic cancer 
External comparison (SMR) 
All cohort 
Moderate/high exposure  

 
 
 
193 
20 

 
 
 
0.77 (0.67ï0.89) 
0.54 (0.33ï0.83) 

Adjusted for  
age, sex and 
ethnicity for 
SMR and 
age, sex and 
period of hire 
for RR 

Morgan et al. 
(2000) 

 Internal comparison, cumulative 
exposure (RR) 
No exposure 
<median 
 Ómedian 

 
 
148 
21 
34 

 
 
1.00 
0.74 (0.39ï1.28) 
0.67 (0.40ï1.05)  

 

    Mortality from leukaemia 
External comparison (SMR) 
All cohort  
Moderate/high exposure 

 
 
79 
11 

 
 
0.8 (0.6ï1.0) 
0.77 (0.38ï1.38) 

  

    Internal comparison, cumulative 
exposure (RR)  
No exposure 
<median 
 Ómedian 

 
 
66 
8 
13 

 
 
1.00 
0.64 (0.26ï1.33) 
0.57 (0.28ï1.04) 

  

    Mortality from Hodgkin's Disease 
External comparison (SMR) 
All cohort  
Moderate/high exposure 

 
 
19 
3 

 
 
1.1 (0.7ï1.8) 
1.11 (0.23ï3.24) 

  

    Internal comparison, cumulative 
exposure (RR)  
No exposure 
<median 
 Ómedian 

 
 
70 
7 
14 

 
 
1.00 
0.52 (0.12ï1.50) 
0.59 (0.22ï1.33) 

  

    Mortality from non-Hodgkinôs 
lymphoma 
Internal comparison, cumulative 
exposure (RR)  
No exposure 
<median  
 Ómedian 

 
 
 
 
12 
3 
4 

 
 
 
 
1.00 
0.99 (0.21ï3.29) 
0.95 (0.25ï2.84) 
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United States 

1979ï1997,  

Cohort of radar 
technicians in 
US Navy 

40581 males 
(20021 high 
exposure 
potential) 

Adult 

Occupations with high 
or low radar exposure 
potential 

Job title, expert 
assessment on 
potential for high 
exposure, type and 
power of radar units 

 Mortality from leukaemia 
External comparison (SMR) 
All cohort  
Low exposure 
High exposure  

 
 
113  
44 
69 

 
 
0.96 (0.80-1.16) 
0.77 (0.58-1.04) 
1.14 (0.90-1.44) 

Adjusted for 
age at entry 
and attained 
age. 

Groves et al. 
(2002) 

Internal comparison, high vs. low 
group (RR) 

69/44 1.48 (1.01-2.17)   

 Mortality from lymphoma or 
multiple myeloma cancer 
External comparison (SMR) 
All cohort  
Low exposure 
High exposure 

 
 
 
182  
91 
91 

 
 
 
0.91 (0.79-1.06) 
0.94 (0.77-1.16) 
0.89 (0.72-1.09) 

  

 Internal comparison, high vs. low 
group (RR) 

91/91 0.91 (0.68-1.22)   

Australia 

2000ï2001  

Population-
based case-
control study 

694 cases, 694 
controls 

20-74 year 

Occupational 
exposure to RF 

Detailed questionnaire 
and interview and job-
exposure matrix 

 Incident Non-Hodgkinôs 
lymphoma 
Cumulative exposure (product of 
level and duration) (OR) 
Unexposed 
>0ï<25 
25ï<175 
175ï900 

 
 
 
 
678/685 
4/4 
6/3 
6/2 

 
 
 
 
1.00 
1.08 (0.27ï4.35) 
1.89 (0.46ï7.69) 
3.15 (0.63ï15.9) 
P trend=0.09 

Response 
rate: 66% 
(cases), 65% 
(controls). 

Adjusted for 
matching 
variables 
(age, sex, 
region) and 
ethnicity.  

Karipidis et 
al. (2007b) 
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Belgium 

1968ï2004  

Cohort of military 
personnel 
serving 1963-
1994 in 2 
battalions 
operating 
complex radar 
devices 
compared with 3 
battalions not 
operating radar 

7349 males 
(4417 exposed) 

Adult 

High radar exposure 

Characterisation of 
exposure levels at 
site, no individual 
assessment 

 Mortality from lymphatic and 
haematopoietic cancer (RR) 
Exposure group 
Control batallion 
Radar batallion 

 
 
 
1 
11 

 
 
 
1.00 
7.22 (1.09ï47.9) 

Cause of 
death 
retrieved for 
71% in radar 
group and 
70% in 
control 
group. 

Degrave et 
al. (2009) 

 

  



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

68 

 

Table 12.1.9. Studies of brain and other nervous system cancer incidence and mortality in people occupationally exposed to RF EMF 

Country 

Time period 

Study design 
and population 

Exposure source 
and assessment 

 Outcome and subgroups No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

Comments Reference 

Norway 

1961ïï1991 

Cohort of 
women certified 
as radio and 
telegraph 
operators 1920-
1980 

2619 females 

Adult  

Radio and telegraph 
operators on merchant 
ships with potential 
exposure to RF 

 Incidence of brain cancer (SIR) 5 1.0 (0.3ï2.3) Age, time 
since 
certification, 
calendar 
year, age at 
first 
childbirth. 

Also 
exposed to 
light at night. 

Tynes et al. 
(1996) 

United States, 1970ï1989,  

 

Nested case-
control study of 
male personnel 
in US Air Force 

230 cases, 920 
controls, males 

Adult 

Potential exposure to 
RF/MW 

Job title-time-
exposure matrix,  from 
personnel records, 
measurements in 
radio rooms of 3 ships 

 Incident brain tumour   
 
Ever exposed (OR) 
No 
Yes 

 
 
 
136/639 
94/281 

 
 
 
1.00 
1.39 (1.01ï1.90) 

Controls 
matched on 
year of birth, 
ethnicity and 
being in 
cohort at 
time of 
caseôs 
diagnosis. 
Further 
covariates 
were age, 
rank, 
ethnicity 

Grayson et 
al. (1996) 

Product of RF/MW exposure 
score and duration in months for 
each occupation (OR) 
None 
2ï48 
49ï127 
125ï235 
236ï610 

 
 
 
136/639 
15/62 
29/71 
25/68 
25/80 

 
 
 
1.00 
1.26 (0.71ï2.24) 
1.50 (0.90ï2.52) 
1.26 (0.71ï2.22) 
1.51 (0.90ï2.51) 

Canada and France 

1970ï1988 (Quebec) 
 1978ï1989 (France)ï 

Nested case-
control study 
within 
populations of 
electrical utility 

Pulsed EMF, >200V/m 
in 5-20 MHz range 

Job-exposure matrix 
based on 100 person-
weeks of 

 Incident malignant brain cancer  
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile  

 
 
49/176 
35/149 
9/29 

 
 
1.00 
0.84 (0.47ï1.50) 
1.90 (0.48ï7.58) 

Controls 
selected at 
random from 
the casesô 
risk set and 

Armstrong et 
al. (1994) 
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workers 

84 cases, 325 
controls, males 

Adult 

measurements from 
exposure meters worn 
by workers to derive 
estimates of short-
duration PEMFs or 
high-frequency 
transient fields 

Incident benign brain tumour  
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
9/50 
16/48 
1/6 

 
 
1.00 
1.58 (0.52ï4.78) 
ï 

matched by 
utility and 
year of birth. 
Analyses 
adjusted for 
case-control 
set and 
socioecono
mic status, 
exposure to 
chemicals, 
duration of 
employment 

Italy 

1962ï1992 

Cohort of Italian 
plastic factory 
workers 

481 females 

Adult 

RF field exposure 
through work in 
dielectric heat sealing 
department 

Job exposure matrix 
based on 1 week 
monitoring of 
employees in 1991-
1992 

 Mortality from brain cancer (SMR) 1 10.0 Sex, age, 
calendar 
period-
specific 
SMRs 

Lagorio et al. 
(1997) 

Canada 

1964ï(1997) 

Canada 

1964ïï1985 

Cohort of police 
officers in 
Ontario, Canada 

22197 subjects, 
both sexes 

Adult 

Potential exposure to 
traffic radar 

Not assessed 

 Incidence of brain cancer (SIR) 16 0.84 (0.48ï1.36) Analyses for 
males only, 
standardised 
for age and 
calendar 
year 

Finkelstein 
(1998) 

USA 

1976ïï1996,  

Cohort of US 
Motorola 
employees 

195775 total 
(24621 
exposed), both 

Moderate or high peak 
RF exposures through 
design, manufacture 
and testing of wireless 
devices 

Job title with expert 

 Mortality for CNS and brain 
cancer 
External comparison (SMR) 
All cohort 
moderate/high exposure 

 
 
 
 
53 
7 

 
 
 
 
0.60 (0.45ï0.78) 
0.53 (0.21ï1.09) 

Adjusted for  
age, sex and 
ethnicity for 
SMR and 
age, sex and 
period of hire 

Morgan et al. 
(2000) 
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sexes 

Adult 

assessment of usual 
exposures 

Internal comparison, 
Cumulative exposure (RR) 
 no exposure 
<median 
 Ómedian 

 
 
34 
7 
10 

 
 
1.00 
0.97 (0.37ï2.16) 
0.91 (0.41ï1.86) 

for RR 

Poland 

1971ï1990ï 

Annual rates in 
all career 
personnel in 
Polish army 

124500 subjects 
(3860 exposed) 

25-59 year 

Exposure of personnel 
to RF/MW 

Military safety, service 
personnel/health 
department records, 
and for cases also 
hospital records and 
questionnaire 

 Nervous system/brain cancer 
Ever exposed (RR) 
No 
Yes 

 
81 
7 

 
 
1.00 
2.70 (p<0.01) 

Cross-
sectional 
study. For all 
cancers 
combined, 
RR=1.83, 
(p=0.01). 
Multiple 
sources to 
identify 
exposure 
among 
cases, but 
not among 
non-cases. 

Szmigielski 
et al. (1996; 
2001; 2006) 

United States 

1979ï1997 

Cohort of radar 
technicians in 
US Navy 

40581 males 
(20021 high 
exposure 
potential) 

Adult 

Occupations with high 
or low radar exposure 
potential 

Job title, expert 
assessment on 
potential for high 
exposure, type and 
power of radar units 

 Mortality from brain cancer  
External comparison (SMR) 
All cohort  
Low exposure 
High exposure  

 
 
88 
51 
37  

 
 
0.86 (0.70ï1.06) 
1.01 (0.77ï1.33) 
0.71 (0.51ï0.98) 

Adjusted for 
age at cohort 
entry, 
attained age 

Groves et al. 
(2002) 

Internal comparison, 
high vs. low group (RR) 

37/51 0.65 (0.43ï1.01) 
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Germany 

2000ï2003ï, ï 

Case-control 
study in four 
neurosurgical 
units in three 
regions in 
Germany  

366 glioma, 381 
meningioma  
cases and 1494 
controls 

30-69 year 

Occupational 
exposures to RF/MW 
obtained by computer-
assisted interview 

Job title, expert 
assessment on 
potential for high 
exposure, type and 
power of radar units 

 Glioma 
Total exposure (OR) 
No/not probable 
Probable/high 

 
 
328/653 
38/79 

 
 
1.00 
1.04 (0.68ï1.61) 

Participation 
rates:  80% 
(glioma 
cases),  88% 
(meningioma 
cases), 63% 
(controls). 

Adjusted for 
SES, 
urban/rural, 
exposure to 
ionising 
radiation, 
cigarette 
smoking, 
age at 
diagnosis.  

Berg et al. 
(2006) 

    Likelihood of exposure (OR) 
No exposure 
Not probable  
Probable 
High 

 
308/607 
20/46 
16/42 
22/37 

 
1.00 
0.84 (0.48ï1.46) 
0.84 (0.46ï1.56) 
1.22 (0.69ï2.15) 

  

    Duration of high exposure (OR) 
Not highly exposed 
<10yrs 
Ó10yrs 

 
344/695 
9/17 
13/20 

 
1.00 
1.11 (0.48ï2.56) 
1.39 (0.67ï2.88) 

  

    Meningioma 
Total exposure (OR) 
No/not probable 
Probable/high 

 
 
355/714 
26/48 

 
 
1.00 
1.12 (0.66ï1.87) 

  

    Likelihood of exposure (OR) 
No exposure 
Not probable 
Probable 
High 

 
340/687 
15/27 
15/31 
11/17 

 
1.00 
1.11 (0.57ï2.15) 
1.01 (0.52ï1.93) 
1.34 (0.61ï2.96) 

  

    Duration of high exposure (OR) 
Not highly exposed 
<10yrs 
Ó10yrs 

 
370/745 
5/9 
6/8 

 
1.00 
1.14 (0.37ï3.48) 
1.55 (0.52ï4.62) 
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Melbourne, Australiaï 

1987ï1991ï 

Population-
based case-
control study, 
cases identified 
from 14 
hospitals in 
Melbourne area, 
controls from 
electoral roll in 
the study area 

416 cases and 
422 controls, 
both sexes 

20-70 year 

Occupational 
exposure to RF 

Detailed job history 
obtained from 
questionnaire and 
interview, job 
exposure matrix 
(FINJEM), self-report 
and expert review 

 Glioma (OR)  
Cumulative exposure (W m-2 
years, tertiles) 
Unexposed  
0<11 
11<52  
>52 

 
 
 
396/404 
4/7 
8/4 
6/6 

 
 
 
1.00 
0.57 (0.16ï1.96) 
1.80 (0.53ï6.13) 
0.89 (0.28ï2.81) 
P trend=0.91 

Response 
rates: 85% 
(cases), 61% 
(controls)  

Adjusted for 
sex, age and 
years of 
education 

Karipidis et 
al. (2007b) 

Duration of exposure (yrs) 
Self-reported exposure 
Unexposed 
0 < to 3 
3 > to 8 
>8 
 

 
385/373 
9/16 
8/18 
12/14 

 
1.00 
0.53 (0.23ï1.21) 
0.43 (0.18ï1.00) 
0.82 (0.37ï1.82) 
P trend=0.08 

Expert assessment 
Unexposed 
0 < to 3 
3 > to 6 
>6 

 
381/396 
10/9 
12/8 
11/8 

 
1.00 
1.20 (0.48ï3.04) 
1.65 (0.66ï4.17) 
1.57 (0.62ï4.02) 
P trend=0.17 

Belgium  

1968ï2004 

Cohort of 
military 
personnel 
serving 1963-
1994 in 2 
battalions 
operating 
complex radar 
devices,  3 
battalions not 
operating radar 

7349 males 
(4417 exposed) 

Adult  

High radar exposure 

Characterisation of 
exposure levels at 
site, no individual 
assessment 

 Eye, brain, nervous system 
cancer mortality (RR) 
Exposure group 
Control battalion 
Radar battalion 

 
 
 
2 
8 

 
 
 
1.00 
2.71 (0.42ï
17.49) 

Cause of 
death 
retrieved for 
71% in radar 
group and 
70% in 
control group 

Degrave et 
al. (2009) 

France 

1999ï2001  

Case-control 
study of general 
population of 
Gironde, south 

Self-reported 
occupational RF 
exposures collected 
by personal interview 

 Incident brain tumours overall 
Ever exposed (OR) 
No 
Yes 

 
 
148/375 
7/22 

 
 
1.00 
1.50 (0.48ï4.70) 

Participation 
rates: 70% 
(cases),  
69% 

Baldi et al. 
(2011) 
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western France, 
controls selected 
from local 
electoral rolls 

221 brain 
tumours 
including 105 
glioma, 442 
controls 

 Ó16year 

Probability of 
exposure to RF and 
duration of exposure 
for each job assessed 
by occupational 
hygienists 

Incident glioma  
Ever exposed (OR) 
No 
Yes 

 
 
71/191 
7/16 

 
 
1.00 
1.44 (0.50ï4.13) 

(controls). 

Adjusted for 
exposure to 
pesticides, 
cigarette 
smoking, 
educational 
level. 

 

Incident meningioma 
Ever exposed (OR) 
No 
Yes 

 
 
61/121 
0/2 

 
 
1.00 
ï 

Incident acoustic neuroma  
Ever exposed (OR) 
No 
Yes 

 
 
31/59 
1/5 

 
 
1.00 
0.40  (0.05ï3.42) 

Franceï 

2005 

Hospital-based 
case-control 
study from two 
main centres 

122 cases, 122 
controls 

Ó18 year 

Occupational 
exposure to RF/MW 

Job history, expert 
judgment, job 
exposure matrix 

 Glioma 
Ever occupationally exposed 
(OR) 
No 
yes 

 
 
 
109/112 
7/4 

 
 
 
1.00 
1.20 (0.30ï4.77) 

Participation 
rates: 72% 
(cases), 
unknown for 
controls. 

Adjusted for 
sex, age, 
education 
level and 
occupational 
exposure 
levels. 

Spinelli et al. 
(2010) 
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Table 12.1.10. Studies of breast cancer incidence and mortality in people occupationally exposed to RF EMF 

Country 

Time period 

Study design 
and population 

Exposure source and 
assessment 

 Outcome and subgroups No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

Comments Reference 

USA ï 

1984ï1989,  

Case-control 
study of  
mortality in 24 
USA states 

33509 cases, 
117794 controls, 
females only 

All ages 

31 workplace 
exposure to RF 

Job exposure matrix, 
industrial hygienist 
opinion, expert 
databases 

 Mortality from breast cancer 
Exposure probability (OR) 
White women 
0 
1 
2 
3 
4 

 
 
24505/844
84 
2107/6939 
668/2630 
1518/6484 
199/699 

 
 
 
1.00 
1.00 (0.9ï1.1) 
1.06 (0.97ï1.2) 
1.15 (1.1ï1.2) 
0.99 (0.8ï1.2) 

Based on 
record 
linkage, 
adjusted for 
age and 
socioecono
mic status. 

Cantor et al. 
(1995) 

Black women 
0 
1 
2 
3 
4 

3437/1259
6 
28/585 
92/409 
274/965 
35/115 

 
1.00 
1.22 (1.0ï1.4) 
0.93 (0.7ï1.2) 
1.27 (1.1ï1.5) 
1.08 (0.7ï1.6) 

Exposure level (OR) 
White women 
0 
1 
2 
3 

 
24505/844
84 
1183/4260 
1940/6758 
1369/5734 

 
 
1.00 
1.15 (1.1ï1.2) 
0.95 (0.9ï1.0) 
1.14 (1.1ï1.2) 

Black women 
0 
1 
2 
3 

3437/1259
6 
150/487 
243/815 
236/772 

 
1.00 
1.23 (1.0ï1.5) 
1.02 (0.8ï1.2) 
1.34 (1.1ï1.5) 

Norway Cohort study of Radio and telegraph  Incidence of breast cancer (SIR) 50 1.5 (1.1ï2.0) Standardise Tynes et al. 
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1961ï1991 women certified 
as radio and 
telegraph 
operators 1920ï
1980 

2619 females 

Adult 

operators on merchant  
ships with potential 
exposure to RF 

 Nested caseïcontrol 
Duration of employment, yrs (OR) 
Age at diagnosis <50y 
none 
>0ï2.6 
>2.6ï8.8 

 
 
 
3/15 
13/67 
13/68 

 
 
 
1.0 
0.9 (0.2ï3.7) 
0.8 (0.2ï3.6) 
P trend=0.80 

d for age 
and 
calendar 
year. Also 
exposed to 
light at night. 

Tests for 
trend in 
nested 
caseïcontrol 
analyses no 
longer 
significant 
after 
adjusting for 
shift work 
category 
(p=0.29 for 
age<50, 
p=0.32 for 
ageÓ50y), 
adjusted for 
age at first 
birth and 
time since 
certification. 

(1996) 

 Age at diagnosis Ó50y 
none 
>0ï3.2 
>3.2ï14.6 

 
1/19 
5/44 
150/46 

 
1.0 
1.9 (0.2ï17.9) 
5.9 (0.7ï47.7) 
P trend=0.02 

USA 

1976ï1996  

Cohort of US 
Motorola 
employees 

195775 total 
(24621 
exposed), both 
sexes 

Adult 

Moderate or high peak 
RF exposures through 
design, manufacture 
and testing of wireless 
devices 

Job title with expert 
assessment of usual 
exposures 

 Mortality from breast cancer 
External comparison (SMR) 
All cohort 
moderate/high exposure 

 
 
214 
9 

 
 
0.8 (0.7ï0.9) 
0.9 (0.4ï1.8) 

Adjusted for  
age, sex and 
ethnicity for 
SMR and 
age, sex and 
period of 
hire for RR 

Morgan et al. 
(2000) 

United States 

1979ï1997  

Cohort of radar 
technicians in 
US Navy 

40581 males 
(20021 high 
exposure 
potential) 

Adult 

Occupations with high 
or low radar exposure 
potential 

Job title, expert 
assessment on 
potential for high 
exposure, type and 
power of radar units 

 Mortality from breast cancer 
External comparison (SMR) 
All cohort  
Low exposure 
High exposure  

 
 
4 
2 
2 

 
 
1.09 (0.41ï2.91) 
1.13 (0.28ï4.54) 
1.05 (0.26ï4.20) 

Adjusted for 
age at 
cohort entry 
and attained 
age 

Groves et al. 
(2002) 
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Table 12.1.11. Studies of lung cancer incidence and mortality in people occupationally exposed to RF EMF 

Country 

Time period 

Study design 
and population 

Exposure source and 
assessment 

 Outcome and subgroups  No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

Comments Reference 

Canada and France 

1970ï1988 (Quebec) 
1978ï1989 (France) ï 

Nested case-
control within 
populations of 
electrical utility 
workers 

508 cases, 508 
controls, males 
only 

Adult  

Pulsed EMF, >200V/m 
in 5ï20 MHz range 

Job-exposure matrix 
based on 100 person-
weeks of 
measurements from 
exposure meters worn 
by workers to derive 
estimates of short-
duration PEMFs or 
high-frequency 
transient fields 

 Incidence of lung cancer  
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
200/229 
308/279 
84/63 

 
 
1.00 
1.27 (0.96ï1.68) 
3.11 (1.60ï6.04) 

Controls 
selected at 
random from 
the casesô 
risk set and 
matched by 
utility and 
year of birth. 
Analyses 
adjusted for 
caseï
control set 
and 
socioecono
mic status, 
exposure to 
chemicals, 
duration of 
employment 

Armstrong et 
al. (1994) 

Norway 

1961ï1991, 

Cohort of 
women certified 
as radio and 
telegraph 
operators 1920ï
1980 

2619 females 

Adult 

Radio and telegraph 
operators on merchant  
ships with potential 
exposure to RF 

 Incidence of lung cancer (SIR) 5 1.2 (0.4ï2.7) Adjusted for 
age  and 
calendar 
year  

Tynes et al. 
(1996) 
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USA 

1950ï1988,  

Cohort of 
electrical utility 
workers 

138905 males 

Adult  

Pulsed EMF 

Job exposure matrix 
based on scores at 
Hydro-Quebec as in 
Armstrong et al (1994) 

 Mortality from lung cancer 
Cumulative exposure (units of 
'proportion>10ppb-years') (RR) 
0ï0.70 
0.70ï2.50 
2.50ï5.40 
5.40ï11.90 
11.90ï41.15 

 
 
 
404 
323 
362 
401 
196 

 
 
 
1.00 
1.27 (1.06ï1.51) 
1.25 (1.04ï1.51) 
1.32 (1.09ï1.60) 
1.35 (1.07ï1.69) 

Adjusted for 
age, 
calendar 
time, 
ethnicity, 
social class, 
work status, 
and 
exposure to 
asbestos. 
No 
information 
on cigarette 
smoking. 

Savitz et al. 
(1997) 

Italy  

1962ï1992 

Cohort of Italian 
plastic factory 
workers 

481 females 

Adult 

RF field exposure 
through work in 
dielectric heat sealing 
department 

 Mortality from lung cancer (SMR) 1 5.0 Sex, age, 
calendar 
periodï
specific 
SMRs 

Lagorio et al. 
(1997) 

Poland  

1971ï1990ï 

Annual rates in 
all military 
career 
personnel 
personnel in 
Polish army 

124500 subjects 
(3860 exposed) 

25ï59 year 

Exposure of personnel 
to RF/MW 

Military safety, service 
personnel/health 
department records, 
and for cases also 
hospital records and 
questionnaire 

 Incidence of larynx/lung cancer 
Ever exposed (RR) 
No 
Yes 

 
 
724 
27 

 
 
1.00 
1.16 (p>0.05) 

Crossï
sectional 
study. 

Calculated 
from data in 
paper. 
Multiple 
sources to 
identify 
exposure 
among 
cases, but 
not among 
non-cases. 

Szmigielski 
et al. (1996; 
2001; 2006) 

Canada 

1964ï1985 

Cohort of police 
officers in 
Ontario, 
Canada 

22197 subjects,  
both sexes 

Adult  

Potential exposure to 
traffic radar 

 Incidence of lung cancer (SIR) 77 0.66 (0.52ï0.82) Analyses for 
males only, 
standardise
d for age 
and 
calendar 
year 

Finkelstein 
(1998) 
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USA 

1976ï1996 

Cohort of US 
Motorola 
employees 

195775 total 
(24621 
exposed), both 
sexes 

Adult 

Moderate or high peak 
RF exposures through 
design, manufacture 
and testing of wireless 
devices 

Job title with expert 
assessment of usual 
exposures 

 Mortality from lung cancer (SMR) 
All cohort 
moderate/high exposure 

 
612 
94 

 
0.8 (0.7ï0.9) 
0.7 (0.6ï0.9) 

Adjusted for  
age, sex 
and ethnicity 
for SMR and 
age, sex 
and period 
of hire for 
RR 

Morgan et al. 
(2000) 

United States 

1979ï1997 

Cohort of radar 
technicians in 
US Navy 

40581 males 
(20021 high 
exposure 
potential) 

Adult 

Occupations with high 
or low radar exposure 
potential 

Job title, expert 
assessment on 
potential for high 
exposure, type and 
power of radar units 

 Mortality from trachea, bronchus 
and lung cancer  
External comparison (SMR) 
All cohort  
Low exposure 
High exposure  

 
 
 
897  
497 
400 

 
 
 
0.75 (0.70ï0.80) 
0.87 (0.79ï0.94) 
0.64 (0.58ï0.70)) 

Adjusted for 
age at 
cohort entry 
and attained 
age 

Groves et al. 
(2002) 

 Internal comparison 
High vs. low group (RR) 

 
400/497 

 
0.73 (0.63ï0.83) 

Belgium 

1968ï2004 

Cohort of 
military 
personnel 
serving 1963ï
1994 in 2 
battalions 
operating 
complex radar 
devices 
compared with 3 
battalions not 
operating radar  

7349 males 
(4417 exposed) 

Adult 

High radar exposure 

Characterisation of 
exposure levels at site, 
no individual 
assessment 

 Mortality from respiratory and 
intrathoracic cancer   
Exposure group (RR) 
Control battalion 
Radar battalion 

 
 
 
28 
45 

 
 
 
1.0 
1.07 (0.66ï1.71) 

Cause of 
death 
retrieved for 
71% in 
radar group 
and 70% in 
control 
group 

Degrave et 
al. (2009) 

 

 

  



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

79 

 

 

Table 12.1.12. Studies of uveal melanoma incidence in people occupationally exposed to RF EMF 

Country 

Time period 

Study design 
and population 

Exposure source and 
assessment 

 Outcome and subgroups No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

Comments Reference 

US 

1978ï1987 

Hospital-based, 
case-control, 
study from 1 
unit at UCSF, 
controls from 
random digit 
dialing, resident 
in 11 states 

221 cases, 447 
controls, males 
only  

Occupational 
microwave and radar 
exposure information 
collected by interview 

 Incidence of uveal melanoma 
Ever exposed to microwave or 
radar (OR) 
No 
Yes 

 
 
 
200/425 
21/22 

 
 
 
1.0 
2.1 (1.1ï4.0) 

Participation 
rates: 93% 
(cases),  
74% 
(controls). 

Adjusted for 
age, number 
of large 
naevi, eye 
colour, 
tanning 
response,  

Holly et al. 
(1996) 

Germanyï 

Population-based: 1995ï
1997 

Hospital-based: 1996ï
1998 

Population-
based case-
control study 
from active 
surveillance and 
cancer registry, 
hospital-based 
at one 
department of 
Ophthalmology 

Population-
based: 37 cases 
and 699 
controls, 35ï69 
yr, both sexes 
Hospital-based: 
81 cases and 
148 controls, 

Occupational exposure 
to radio sets or radar 

Questions about use of 
radio set s or radar 
occupationally for at 
least a few hours a day 

 Incidence of uveal melanoma 
Radar units 
Ever exposed 
Both groups 
Populationïbased 
Hospitalïbased 

 
 
 
0.8/4.0 % 
2.7/4.6 % 
0/2.7 % 

 
 
 
0.4 (0.0ï2.6) 
0.8 (0.0ï6.5) 
0.0 (0ï3.6) 

Participation 
rates for 
cases and 
controls: 
populationï
based (84%, 
48%), 
hospitalï
based (88%, 
79%). 

Adjusted for 
age, sex, 
region, SES 
and eye and 
hair colour 

Stang et al. 
(2001) 

Radiosets 
Both groups 
Ever exposed 
Ó5 yrs prior 
Ó3 years prior 

 
7.6/4.4% 
7.6/3.8% 
5.9/3.8% 

 
3.3 (1.2ï9.2) 
3.3 (1.2ï9.2) 
2.5 (0.8ï7.7) 

Populationïbased 
Ever exposed 
Ó5 yrs prior 
Ó3 years prior 

 
13.5/5.5% 
13.5/4.6% 
10.8/4.6% 

 
4.6 (1.0ï19.2) 
4.5 (1.0ï17.5) 
3.8 (0.7ï16.9) 
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35ï74 year, 
both sexes 

Hospitalïbased 
Ever exposed 
Ó5 yrs prior 
Ó3 years prior 

 
4.9/2.0% 
4.9/2.0% 
3.7/2.0% 

 
1.8 (0.3ï14.3) 
2.0 (0.3ï15.8) 
1.3 (0.1ï11.4) 

 

9 European countries 

1994ï1997 

Population-
based and 
hospital- based 
case-control 
study, 
depending on 
country 

293 cases, 
3198 controls 

35ï69 year 

Occupational exposure 
to RF 

Based on interview, 
and for radar on 
assumptions as in 
(Baumgardt-Elms et 
al., 2002), and job-
exposure matrices 

 Incidence of uveal melanoma 
Ever occupational radar exposure  

 
Not 
reported 

 
No association 

Participation 
rates: 82% 
(cases), 
62% 
(populationï
based 
controls), 
86% 
(hospitalï
based 
controls). 

Numbers 
and relative 
risks not 
reported in 
the paper. 

Behrens et 
al. (2010) 
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Table 12.1.13. Studies of cutaneous melanoma incidence in people occupationally exposed to RF EMF 

Country 

Time period 

Study design 
and population 

Exposure source and 
assessment 

 Outcome and subgroups No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

Comments Reference 

Canada and France 

1970ï1988 (Quebec) 
1978ï1989 (France) 

Nested case-
control within 
populations of 
electrical utility 
workers 

508 cases, 508 
controls, males 
only 

Adult  

Pulsed EMF, >200V/m 
in 5ï20 MHz range 

Job-exposure matrix 
based on 100 person-
weeks of 
measurements from 
exposure meters worn 
by workers to derive 
estimates of shortï
duration PEMFs or 
high-frequency 
transient fields 

 Incidence of malignant melanoma 
Cumulative exposure (OR) 
<median 
Ómedian  
Ó90th percentile 

 
 
 
26/107 
23/84 
3/20 

 
 
 
1.00 
1.38 (0.66ï2.87) 
0.31 (0.03ï2.82) 

Controls 
selected at 
random from 
the casesô 
risk set and 
matched by 
utility and 
year of birth. 
Analyses 
adjusted for 
case-control 
set and 
socioecono
mic status, 
exposure to 
chemicals, 
duration of 
employment. 
Diagnoses 
include 
uveal 
melanoma. 

Armstrong et 
al. (1994) 

Norway 

1961ï1991 

Cohort of 
women certified 
as radio and 
telegraph 
operators 1920ï
1980 

2619 females 

Adult  

Radio and telegraph 
operators on merchant 
ships with potential 
exposure to RF 

 Incidence of malignant melanoma 
(SIR) 

9 0.9 (0.4ï1.7) Age and 
calendar 
year 
stratified. 

Tynes et al. 
(1996) 
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Canada 

1964ï1985  

Cohort of police 
officers in 
Ontario, 
Canada 

22197 subjects,  
both sexes 

Adult  

Potential exposure to 
traffic radar 

Not assessed 

 Incidence of malignant melanoma 
(SIR) 

41 1.45 (1.10ï1.88) Analyses for 
males only, 
standardised 
for age and 
calendar 
year. 

Finkelstein 
(1998) 
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Table 12.1.14. Studies of testicular cancer incidence and mortality in people occupationally exposed to RF EMF 

Country 

Time period 

Study design 
and population 

Exposure source and 
assessment 

 Exposure groups No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

Comments Reference 

Swedenï 

1989ï1992  

Case-control 
study; cases 
identified from  
cancer registry 
and controls 
from population 
register 

148 cases, 314 
controls, males 
only 

 30ï75 year 

Potential RF exposure 
through work in 
telecommunications or 
radar or amateur radio 
operator 

Self-administered 
questionnaire about job 
history 

 Incidence of testicular cancer 
Ever had occupation (OR) 
Amateur radio operator 
Radar worker 
Engineer in 
electronics/telecommunication 

 
 
7/7 
2/3 
8/9 

 
 
2.2 (0.7ï6.6) 
2.0 (0.3ï14.2) 
2.3 (0.8ï6.7) 

Adjusted for 
case-control 
set. 

Hardell et al. 
(1998) 

Canada 

1964ï1985 

Cohort of police 
officers in 
Ontario, Canada 

22197 subjects, 
both sexes 
(20601 males) 

Adult 

Potential exposure to 
traffic radar 

Not assessed 

 Incidence of testicular cancer 
(SIR) 

23 1.30 (0.89ï1.84) Analyses for 
males only, 
standardised 
for age and 
calendar 
year. 

Finkelstein 
(1998) 

United States 

1979ï1997 

Cohort of radar 
technicians in 
US Navy 

40581 males 
(20021 high 
exposure 
potential) 

Adult 

Occupations with high 
or low radar exposure 
potential 

Job title, expert 
assessment on 
potential for high 
exposure, type and 
power of radar units 

 Mortality from testicular  cancer 

External comparison (SMR) 
All cohort  
Low exposure 
High exposure  

 
 
9  
4 
5 

 
 
0.53 (0.28ï1.02) 
0.46 (0.17ï1.24) 
0.60 (0.25ï1.43) 

Adjusted  for 
age at 
cohort entry 
and  
attained 
age. 

Groves et al. 
(2002) 

Internal comparison 
High vs. low group (RR) 

5/4 1.30 (0.35ï4.89) 

Germanyï 

1995ï1997 

Population-
based case-
control study in 
Hamburg, 
Bremen, Essen, 

Occupations involving 
RF emitters or radar in 
job of at least 6 months 
duration 

Job titles and job 

 Incidence of testicular cancer 
RF emitters 
Ever exposed (OR) 
No 
Yes 

 
 
 
219/631 
50/166 

 
 
 
1.0 
0.9 (0.60ï1.24) 

Participation 
rates: 76% 
(cases), 
57% 
(controls). 

Baumgardt-
Elms et al. 
(2002) 
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Saarbrucken 
and the Federal 
State of 
Saarland 

269 cases, 797 
controls 

Ó15 year 

descriptions, expert 
assessment for radar 
exposure 

Weighted measure by duration 
and distance from source (tertiles) 
(OR) 
not exposed 
>0ïÒ6 
6ïÒ15 
15ïÒ102 

 
 
 
220/635 
19/52 
14/54 
16/56 

 
 
 
1.0 
(0.56ï1.74) 
0.7 (0.38ï1.35) 
(0.46ï1.56) 

Radar units 
Ever exposed (OR) 
No 
Yes 

 
 
247/739 
22/58 

 
 
1.0 
1.0 (0.60ï1.75) 

Weighted measure by duration 
and distance from source (tertiles) 
(OR)  
not exposed 
>0ïÒ45 
45ïÒ135 
135ïÒ2225 

 
 
 
251/741 
7/15 
4/21 
7/20 

 
 
 
1.0 
1.4 (0.55ï3.77) 
0.5 (0.17ï1.55) 
0.9 (0.36ï2.19) 
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 2103 

12.1.4 Environmental RF exposure and cancer 2104 

Studies of residential RF exposure such as from radio and TV transmission masts in relation to cancer 2105 

risk have started to emerge in the late nineties, with only one study published before the previous Environmental 2106 

Health Criteria report (WHO, 1993b). This study, in San Francisco in 1992 (Selvin, Schulman & Merrill, 1992) 2107 

was focussed on statistical analysis of spatial data and the results are not reported according to standard 2108 

epidemiologic practice. Indeed the authors did not even report a relative risk. The source of exposure was a large 2109 

TV tower, and the three statistical methods considered in the paper all showed that the pattern of cancer 2110 

incidence was essentially random with respect to the tower. Studies published in the nineties have only been of 2111 

television and radio towers, but with the introduction of mobile telephony, studies have also started to emerge 2112 

with respect to mobile phone base stations from 2004 onwards. Many of the studies around transmitters have 2113 

been of ecological design investigating incidence rates of cancer in the vicinity of masts. They are therefore 2114 

affected by the limitations of an ecological design, which is mainly that it assesses cancer risks in relation to 2115 

exposure at population level rather than at the level of the individual, therefore, it may not follow that individuals 2116 

with the disease are the individuals with the high exposure levels (óecological fallacyô). Furthermore, there is a 2117 

lack of information on other risk factors that are potentially confounding the investigated association. Other 2118 

studies have been of case-control design using register data. The use of such register data minimises the 2119 

likelihood of selection and recall bias usually associated with case-control studies based on patient contact. The 2120 

considerable drawback is, however, the lack of information on relevant confounding factors and other sources of 2121 

RF. Some studies have been of cross-sectional design, in which there is no follow-up of individuals and 2122 

exposure and disease are assessed at one point in time, which is associated with particular methodological 2123 

weaknesses including that the study population does not include people who were exposed but have moved out 2124 

of the area. Most early studies of environmental RF exposure and cancer risk have been conducted in response to 2125 

local public concerns about the exposure source or perceived cancer clusters near a TV or radio transmitter and 2126 

have focussed on occurrence of leukaemia and brain tumours in adults or children. Many studies have applied 2127 

very crude exposure assessment based on distance from the transmitter, with some more recent studies providing 2128 

improved exposure assessment.  2129 

In the following sections we discuss studies of radio and television masts, mobile phone base stations, 2130 

and DECT cordless phone base stations. For each of these exposures, where applicable, ecological studies are 2131 

discussed separately from cohort or case-control studies because the methodological issues vary between these 2132 

study designs. Tables 1ï4 summarise the findings for the main cancer types that have been investigated. 2133 

12.1.4.1 Radio and television masts 2134 

The evidence for RF exposure from radio and television masts in relation to cancer risk comes from 2135 

ecological studies and from case-control or cross-sectional studies. 2136 

12.1.4.1.1 Ecological studies 2137 

Hocking et al. (1996) compared cancer incidence during 1972ï1990 in three local government areas 2138 

immediately surrounding three towers broadcasting TV and FM radio in northern Sydney to the cancer incidence 2139 

in six adjacent areas, estimating power densities from information on commencement of service of each tower, 2140 

power and frequency band. The areas were selected because of the similar distance from the towers to the nearest 2141 

borders, their residents having a similar upper-middle class socioeconomic status, and their areas being large 2142 

enough for there being a decrease in power density. For leukaemia incidence in adults and children combined 2143 

they found an age-, sex- and calendar period-adjusted relative risk of 1.24 (95% CI: 1.09ï1.40) for the inner 2144 

three areas compared with the surrounding areas, based on 1206 cases overall. Their highest relative risk, 1.67 2145 

(95% CI: 1.12ï2.49), was for the subcategory óother leukaemiaô, but risk was also significantly raised for 2146 

lymphatic leukaemia (RR=1.32, 95% CI: 1.09ï1.59). For childhood leukaemia they observed a relative risk of 2147 

1.58 (95% CI: 1.07ï2.34) for incidence and 2.32 (95% CI: 1.35ï4.01) for mortality. Neither for all ages nor for 2148 

children were there any risk elevations for brain tumours. Rate ratios for leukaemia or brain tumours among 2149 

adults only were not presented, but there appears to be no excess risk among adults. Comparison of childhood 2150 

cancer incidence and mortality against rates for New South Wales showed no increased risk of childhood brain 2151 

tumours in the inner or outer areas. For leukaemia, however, both incidence (SIR=1.8, 95% CI: 1.2ï2.5) and 2152 

mortality (SMR=2.4, 95% CI: 1.4ï3.7) were raised in the inner area, but not in the outer areas (SIR=1.1, 95% 2153 

CI: 0.9ï1.4 and SMR=1.0, 95% CI: 0.7ï1.4, respectively). The towers broadcasted at frequencies between 63ï2154 

533 MHz, with television frequencies transmitting at 100 kW power. Calculated power densities in the vicinity 2155 
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of the towers ranged from 8 µW/cm
2
 within 2 km of the centre point of the towers to 0.2 µW/cm

2
 at 4 km 2156 

(approximately the boundary of the inner area), and lower values at longer distances. Some measurements found 2157 

actual levels to be five times less than those calculated, however. Because data were not only available at local 2158 

government area level, no attempts were made to test incidence or mortality with levels of RF power density. 2159 

[Limitations to this study included that no allowance could be made for population movements and that there 2160 

was no information available on confounders. Given the wide variation in RF levels between the areas, the 2161 

dichotomisation of exposure into two aggregate areas seems somewhat crude.] 2162 

McKenzie and colleagues re-examined the Sydney results discussed above with respect to all 2163 

childhood leukaemia and acute lymphoblastic leukaemia specifically at local government area level over the 2164 

same time period (McKenzie, Yin & Morrell, 1998). They investigated 16 local government areas in the vicinity 2165 

of the transmitters, conducted field strength measurements in the areas and used a more accurate method for 2166 

calculating field strengths in the areas based on distance, effective radiated power and angle of declination. 2167 

Areas proximate to the towers that had been previously excluded by Hocking et al. because they had dissimilar 2168 

socioeconomic distribution were included as well as further outer areas at comparable distance from the towers 2169 

as those in the original óouterô area. They found that distance from the transmitters was a less reliable proxy of 2170 

exposure than modelled exposure levels. They examined the possibility of a dose-response relationship with 2171 

ALL risk at local government area level and investigated secular changes in age-specific ALL incidence over 2172 

three time intervals spanning the study. There was a non-significant positive association between calculated RF 2173 

exposure level and age-standardised incidence of total (RR=1.38, 95% CI: 0.99ï1.91) and ALL leukaemia 2174 

(RR=1.45, 95% CI: 0.96ï2.19) after adjusting for area-level socioeconomic status and age. It was found, 2175 

however, that this association was  entirely due to an excess in Lane Cove, one of the three local government 2176 

areas in the original óinner areaô, whereas another area of similarly high RF exposure level (Willoughby) had an 2177 

incidence rate of leukaemia which was comparable to that of New South Wales as a whole. Analyses excluding 2178 

Lane Cove showed no positive association between predicted RF exposure and total (RR=0.90, 95% CI: 0.56ï2179 

1.44) or ALL leukaemia (RR=0.83, 95% CI: 0.45ï1.55). A replication of the original analyses comparing inner 2180 

and outer areas showed a relative risk of 1.5 overall and a relative risk around 1.0 after exclusion of Lane Cove 2181 

for both total and ALL. Furthermore, a significant proportion of the cases in Lane Cove were diagnosed before 2182 

the television transmitters came into 24-hour service, suggesting the original finding might have been due to 2183 

chance or some local factor other than RF radiation. 2184 

Hocking and Gordon (2003)later published a follow-up on their original work investigating survival 2185 

from childhood leukaemia in the investigated regions. It was based on 134 patients diagnosed during 1972ï1990 2186 

and therefore also included in the original study, and a further 26 patients diagnosed during 1990ï1993. Survival 2187 

rates were investigated in relation to municipality of residence at the time of diagnosis because residence at the 2188 

time of death was not available, but the authors established that there was little movement between areas. Among 2189 

160 cases of childhood leukaemia, 21 of 36 (58%) who resided in the inner area and 53 of 124 (43%) cases in the 2190 

outer area had died before the end of 1993, the censor date of the study. Five-year and ten-year survival rates 2191 

were lower in the inner than in the outer areas. There was a significant difference between the two survival 2192 

curves for all cases (log-rank test p=0.04).  Using Coxôs proportional hazard model to adjust for age and year at 2193 

diagnosis and sex, the resulting mortality hazard ratio was 1.8 (95% CI: 1.0ï3.0). Analyses restricted to the 123 2194 

diagnosed cases of acute lymphatic leukaemia also showed significant difference in survival between the two 2195 

areas, with the adjusted mortality hazard ratio being 2.1 (95% CI: 1.1ï4.0). [Survival as the outcome instead of 2196 

risk of disease has some additional complexities because factors such as effectiveness of treatment also play a 2197 

role, but no information was available on received treatments. Because the study included the same patients and 2198 

study population as in the original paper the methodological problems discussed for the original study also apply 2199 

to this study.] 2200 

Dolk et al. (1997b) followed up an apparent cluster of leukaemias and lymphomas near a UK radio 2201 

and TV transmitter at Sutton Coldfield, West Midlands, England. Field strength measurements in the vicinity of 2202 

the transmitter showed a maximum total power density at any one point of 0.013 W/m
2
 for TV and 0.057 W/m

2 
2203 

for FM radio with considerable variability between different measurement points. Observed numbers of selected 2204 

types of cancers during 1974ï1986 were compared against those expected based on national incidence rates with 2205 

regional adjustment stratified by sex, 5-year age group, year, deprivation index for the areas within a 2 km radius 2206 

and within a 10 km radius. Ten bands of increasing distance from the transmitter were defined as the basis of 2207 

testing for declining incidence with increasing distance.  Relative risk for all cancers was significantly raised 2208 

within a 0ï2 km radius (SIR=1.09, 95% CI: 1.01ï1.17, 703 cases) and within 0ï10 km radius (SIR=1.03, 95% 2209 

CI: 1.02ï1.05, 17 409 cases). Risks of individual types of cancer were raised for adult leukaemia within 2 km 2210 

(SIR=1.83, 95% CI: 1.22ï2.74) with a significant decline in risk with distance from the transmitter over 10 km 2211 

distance (Stone trend test p=0.001). There was no excess of childhood cancer overall and excess of childhood 2212 
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leukaemia was not statistically significant (O/E=2/1.1 (<2km); O/E=34/29.7 (<10km)). A significant decline in 2213 

relative risk with increasing distance was also observed for bladder cancer and skin cancer. Socioeconomic 2214 

deprivation score at census enumeration district level showed greater affluence near to the transmitter than in 2215 

areas further away.  2216 

The Sutton Coldfield Study was followed up by a study of cancer incidence near 20 high-power TV 2217 

and frequency modulation (FM) radio transmitters in Great Britain (Dolk et al., 1997a). Through record linkage 2218 

with cancer registry data 3305 cases of adult leukaemia, 1540 of skin melanoma and 8307 cases of bladder 2219 

cancer were identified diagnosed during 1974ï1986 and resident within 0ï10 km of a transmitter. There was no 2220 

excess risk in the 0ï2 km band for adult leukaemia (SIR=0.97, 95% CI: 0.78ï1.21) or childhood leukaemia 2221 

(SIR=1.12, 95% CI: 0.61ï2.06). The highest ratio for all transmitters combined was in the 2ï3 km radius 2222 

(SIR=1.15). The SIR within 0ï10 km radius for all transmitters combined was 1.03 (95% CI: 1.00ï1.07) for 2223 

adult leukaemia, with some evidence for a decline with distance, despite the absence of a raised risk in the 0ï2224 

2 km band. SIRs were 0.90 (95% CI: 0.85ï0.94) for skin melanoma and 1.09 (95% CI: 1.06ï1.11) for bladder 2225 

cancer, with no evidence for a decline with distance. [Therefore, this study only provided very weak support to 2226 

the authorsô earlier results.]  2227 

The Sutton Coldfield results have also been followed up by another group (Cooper, Hemming & 2228 

Saunders, 2001). They used more timely cancer data (1987ï1994) to reanalyse cancer incidence around the 2229 

transmitter and found considerably weaker results than the original. Mainly, there was no statistically significant 2230 

excess risk overall related to the 0ï2 km band (SIR=1.32, 95% CI: 0.81ï2.05). They did not observe an 2231 

increased risk of leukaemia within a 2 km radius of the transmitter and observed a decrease in risk with 2232 

increasing distance from the transmitter which was restricted to women. 2233 

An Italian study was conducted to address concerns of local residents of leukaemia incidence in 2234 

children and mortality in adults within a 10 km radius of the Vatican Radio station (Michelozzi et al., 2002). The 2235 

radio station consists of numerous short and medium-wave transmitters with transmission powers varying 2236 

between 5 and 600 kW and with different frequency ranges. Mortality statistics for 1987ï1998 were obtained for 2237 

adults from the Lazio Region Geographic Information System. Data on incidence in children for 1987ï1999 was 2238 

collated from several sources including a register of leukaemia cases in associated hospitals (1989 onwards), a 2239 

system of hospital discharges (1996 onwards) and from hospitals directly (1987ï1995). The residence of each 2240 

case at the time of diagnosis or death was retrieved from the register offices. Population data were available at 2241 

census tract level with an average of 253 residents per census tract. There were 40 deaths of leukaemia among 2242 

adults and 8 incident childhood leukaemia cases during the study period.  In adults of both sexes taken together 2243 

the SMR within 2 km of the station was 1.8 (95% CI: 0.3ï5.5) based on 2 cases. Stoneôs test for trend in rates 2244 

over successive 2 km bands around the station gave a p-value of 0.14. The excess risk and the trend were 2245 

essentially confined to males. In children the SIR for those living within a 2 km radius was 6.1 (95% CI: 0.4ï2246 

27.5) based on one case. The Stone test for trend was reported as p=0.04 when comparing cumulative number of 2247 

cases within 2 km bands. [The completeness of case ascertainment from the several sources is unclear and 2248 

subjects treated outside the study area would not have been included.] 2249 

Ha et al. reported a cross-sectional ecology study of cancer incidence in the vicinity of AM radio 2250 

transmitters in South Korea (Ha et al., 2003). The study region included 11 óhigh-powerô regions located 2 km or 2251 

less from transmitters with 100ï1500 kW power and 31 ólow-powerô regions located 2 km or less with 2252 

transmitters with 50 kW power. Four control areas for each high-power area were selected adjacent to high 2253 

power areas to obtain expected age-specific incidence rates. Cancer registrations were obtained for 1993ï1996 2254 

for cases over age 10 years, with census and population registration data for 1995. Population sizes ranged from 2255 

3152 to 126 523 persons per area. Rate ratios comparing high to low areas were somewhat raised for all cancers 2256 

(RR=1.2, 95% CI: 1.1ï1.4), but were not significantly raised for leukaemia, malignant lymphoma, brain cancer 2257 

for both sexes or female breast cancer. Sex-specific analyses showed a borderline raised relative risk for brain 2258 

cancer in females (RR=2.0, 95% CI: 1.0ï13.6) but not males (RR=1.6, 95% CI: 0.8ï8.8). The authors also 2259 

compared observed rates against expected based on age-specific incidence rates in control areas between regions 2260 

with transmitters of different transmitting power (100 kW, 250 kW, 500 kW, 1500 kW) for each of the five 2261 

outcomes investigated. SIRs were above 1.0 for all categories except the 500 kW group for all cancers. For 2262 

leukaemia, they were significantly raised for the 250 kW and 1500 kW group but not for the 500 kW group 2263 

(<1.0). For brain cancer, SIR was raised for the lowest transmission power group but not for the higher ones and 2264 

none were raised for female breast cancer. [Therefore, there were several categories showing excess risk but for 2265 

none of the outcomes there was a consistent dose-response. Furthermore, the derivation of expected rates from 2266 

the 44 control areas of unreported population size might have resulted in unstable estimates if the population size 2267 

was relatively small. The major methodological problem with this study is that it investigates incidence rates in 2268 



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

88 

administrative units which contain a transmitter, and therefore does not even use distance from exposure. Control 2269 

areas were at least 2 km away from the transmitters so that it is unclear whether control areas had indeed lower 2270 

exposure levels than the areas that were considered exposed.]. 2271 

A further study in South Korea of similar design reported cancer mortality rates over 1994ï1995 in 2272 

ten areas including AM radio broadcast towers of over 100 kW power, and ten control areas without radio 2273 

broadcasting towers (Park, Ha & Im, 2004). It observed statistically significantly raised mortality from cancer in 2274 

the exposed areas (direct standardised mortality rate ratio: 1.29, 95% CI: 1.12ï1.49). While most cancer-type 2275 

specific mortality rate ratios were above 1.0, none of them reached statistical significance, including for 2276 

leukaemia (SMR=1.70, 95% CI: 0.84ï3.45). However, leukaemia mortality was significantly raised in children 2277 

under 15 years (SMR=2.29, 95% CI: 1.05ï5.98) and in young adults aged 15ï29 years (SMR=2.44, 95% CI: 2278 

1.07ï5.24). [This study is very similar to that of Ha et al. (2003)  and shares the same methodological issues. It is 2279 

unclear whether the study areas are identical or overlap. Analyses were based on subjectsô residence at their 2280 

place of death, and because the authors state that in Korean tradition most people return to their home town 2281 

shortly before they die, there could be considerable exposure misclassification. As with other ecological studies, 2282 

control for confounding was not possible.] 2283 

Studies with uncertainties related to inclusion criteria 2284 

Hallberg and Johansson (2002) reported melanoma incidence statistics in relation to FM broadcasting 2285 

in four countries in response to Dolk et alôs finding of an inverse association with distance from the Sutton 2286 

Coldfield transmitter. They attributed the increasing trends in incidence of melanoma to increased density of FM 2287 

transmitters by comparing incidence rates of melanoma over time. They subsequently reported that median 2288 

melanoma incidence rates were positively correlated with average number of FM transmitters across 2289 

municipalities in Sweden (Hallberg & Johansson, 2005). [Exposure estimates did not include distance to 2290 

transmitters. Confounding from UV exposure (e.g. through leisure-time, holidays abroad or sunbed use), an 2291 

established risk factor for melanoma, was not taken into consideration. The lack of information on other 2292 

contributory factors, and the problem  that the associations were measured at population-level means that this 2293 

study does not provide meaningful data that can be used to assess a potential impact of RF exposure on 2294 

melanoma risk. The study is given little or no weight in the overall assessment.] 2295 

12.1.4.1.2  Case-control and cross-sectional studies 2296 

A case-control study based on an apparent cluster of childhood leukaemia (Maskarinec, Cooper & 2297 

Swygert, 1994) was prompted by an observation of an unusually high number of childhood leukaemia cases in 2298 

Waiainae, a region in Hawaii. The excess was attributed to the presence of a military installation with low-2299 

frequency radio towers transmitting at 23.4 kHz. Cases were defined as children under age 15 diagnosed with 2300 

acute leukaemia between 1979ï1990 who had resided in three census tracts in the region. They were ascertained 2301 

from records of the local health centre providing primary care to >90% of the population. Four controls were 2302 

ascertained from current patients in the health centre, age- and sex matched to cases. There were 12 leukaemia 2303 

cases, and the odds ratio for having lived within 2.6 miles of the radio towers, the median value, before diagnosis 2304 

was 2.0 (95% CI: 0.06ï8.3). Comparison of the 12 cases against incidence rates from the Hawaii Tumor 2305 

Registry showed a SIR of 2.09 (95% CI: 1.08ï3.65). It was reported that the greatest excess of cases was during 2306 

1982ï1984, but the authors could not suggest a particularly reason regarding the radio transmitter why this 2307 

would be so.  [It is unclear how many cases were initially part of the observed cluster, but the study appears to 2308 

cover at least part of the same region, and therefore an inflated SIR is likely to be observed. Although 2309 

information on other risk factors was collected, it is unclear to what extent analyses have been adjusted for them. 2310 

An additional drawback of the case-control analysis is that its small size meant it was unlikely to detect risk 2311 

increases.] 2312 

Ha et al. (2007) followed up their observations with a case-control study of childhood leukaemia and 2313 

brain cancer risk in relation to estimated RF exposure from AM radio transmitters (Ha, 2008). Cases with a 2314 

leukaemia or brain cancer diagnosis under age 15 during 1993ï1999 were recruited from 14 hospitals using the 2315 

South Korean Medical Insurance Data System. Controls were recruited from the same hospitals, matched on age, 2316 

sex and year of first diagnosis and were diagnosed with respiratory diseases. Exposures were assessed for each 2317 

individual child using a prediction program incorporating a geographic information system, and were estimated 2318 

as the total RF field from all nearby transmitters and the peak RF field exposure from any of them. This program 2319 

was validated against actual measurements for 11 transmitters. A total of 31 AM transmitters with a power of at 2320 

least 20 kW were considered. A total of 1928 cases of leukaemia, 956 brain tumour patients and 3082 controls 2321 

were recruited. Risk of leukaemia after adjusting for residential location, socioeconomic status and population 2322 
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density of the community was borderline significantly raised among children resident within 2 km of the nearest 2323 

AM transmitter compared with those more than 20 km away (OR=2.15, 95% CI: 1.00ï4.67), but significantly 2324 

reduced (OR=0.66, 95% CI: 0.44ï0.99) for those resident 2ï4 km from the transmitter, with no evidence for 2325 

trend (p=0.10). For leukaemia risk overall, odds ratios were below 1.0 for increasing levels of predicted total RF 2326 

field compared to the first quartile (e.g. OR=0.83, 95% CI: 0.63ï1.10 for top quartile), and for the second and 2327 

third quartile even statistically significantly so. In analyses separately for lymphocytic and myelocytic 2328 

leukaemia, odds ratios were similarly reduced. The authors later also provided risk estimates for peak RF field 2329 

(Ha, 2008) showing no increased risk for leukaemia overall, but a raised risk for lymphocytic leukaemia 2330 

(OR=1.40, 95% CI: 1.04ï1.88) and a reduced risk for myelocytic leukaemia (OR=0.63, 95% CI: 0.41ï0.97) in 2331 

the highest quartile, corresponding to 608.35 mV/m or greater. Further subdivision of this top quartile into less 2332 

or greater than 1012.07 mV/m (95th percentile), did not show further raised risks for lymphocytic leukaemia 2333 

(1.45, 95% CI: 1.06ï2.00 and 1.24, 95% CI: 0.81ï1.91) respectively).  No associations of distance or predicted 2334 

exposure levels were observed for childhood brain cancer. [This study is methodologically much stronger than 2335 

past studies into this topic which had been of ecological design, due to its case-control approach with large 2336 

numbers of subjects and individual exposure estimation.] 2337 

A case-control study investigated exposure to RF EMF in relation to childhood leukaemia risk in an 2338 

area of West Germany containing high-power radio and TV broadcast towers (Merzenich et al., 2008). In total, 2339 

1959 cases aged 0ï14 years diagnosed 1984ï2003 were identified from the cancer registry and three controls per 2340 

case from population registers matched on age, sex and transmitter area. Exposures to RF fields from AM, FM 2341 

and television transmitters were calculated for each individual, and were found to be highly correlated with 2342 

measured fields (Schmiedel et al., 2009).  Risk was not raised (OR=0.86, 95% CI: 0.67ï1.11) when comparing 2343 

upper (Ó90th, 0.701 V/m) and lower (<90th, 0.504 V/m) quantiles of individual RF exposure for exposure up to 2344 

1 year prior to diagnosis. Relative risks for children living within 2 km of the nearest transmitter compared with 2345 

those living 10ï14 km away were not statistically significantly raised overall (OR=1.04, 95% CI: 0.65ï1.67), or 2346 

for lymphoid leukaemia (OR=1.31, 95% CI: 0.80ï2.15). Analyses for AM and FM transmitters separately did 2347 

not affect the results. Exposure assessment was based on address of diagnosis only (or equivalent date for 2348 

controls) but a subanalysis of subjects who had not moved address since birth did not materially affect the 2349 

results. As this study did not involve patient contact, information on other exposure sources or on confounders 2350 

were not available.   2351 

Studies with uncertainties related to inclusion criteria 2352 

Preece et al. (2007) conducted a cross-sectional study of health measures in relation to RF exposure in 2353 

three villages following raised concerns about health effects of RF exposure from military antenna systems at 2354 

Akrotiri, Cyprus. This study has also been described in section 5.1.3.2. The researchers collected longitudinal 2355 

and short-term radiofrequency measurements and administered questionnaires including information on general 2356 

wellbeing, specific illnesses, reproductive history and mortality, including from cancer, from approximately 2357 

1870 individuals, with 87% response rate. Mortality data were collected from several sources including national 2358 

records, cemeteries and reports from family members. The two villages considered exposed had field strengths 2359 

with a maximum of 0.30 V/m from the 17.6 MHz military transmissions and up to 1.4 V/m from unspecified 2360 

sources, mainly mobile phone frequencies, whereas for the unexposed village these were <0.01 V/m. They 2361 

reported no overall differences between villages for cancer or leukaemia, but the authors report that the numbers 2362 

of deaths were small. [The studyôs cross-sectional design and its lack of comprehensive source of mortality data 2363 

make it uncertain whether adequate information on population size and demography could be obtained and 2364 

whether all deaths were identified. The study is given little or no weight in the overall assessment.] 2365 

12.1.4.2 Mobile phone masts 2366 

Studies of cancer risks in close proximity to mobile phone masts have, due to mobile telephony being 2367 

a relatively new technology, started to emerge from 2004. There are a few studies investigating cancer reports 2368 

around individual base stations or in individual towns or villages, and more recently, studies have started to 2369 

emerge investigating cancer risk in relation to numerous base stations in wider geographical areas. These studies 2370 

have mostly been of ecological design, with the limitations described above. Studies around a single transmitter 2371 

are particularly problematic because the population exposed to it is small due to its limited range of transmission, 2372 

and investigations of cancer therefore are limited to small numbers of observed cancers of heterogeneous types 2373 

diagnosed over a long time interval. Furthermore, such studies have usually been initiated due to the observation 2374 

of a cancer cluster or concerns of local residents and conducting a study in the area in which these cases occurred 2375 

is likely to show a positive association. Most studies into this topic have had deficiencies in identification of the 2376 

study population base as well as outcome ascertainment. They may not have had complete enumeration of all 2377 
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individuals in the study population in a well-defined study area and over a well-defined calendar period, and they 2378 

may not have been able to ascertain all cases with the outcome of interest in this population, leaving scope for 2379 

bias. Because most studies have been of ecological design, they have lacked information on other risk factors for 2380 

cancer that might confound a possible association between RF exposure and cancer risk, as well as information 2381 

on other sources of RF exposure, and they have not usually taken account of population movements which could 2382 

therefore introduce exposure misclassification.  2383 

12.1.4.2.1 Studies around single or a few transmitters in small geographical areas 2384 

Studies with uncertainties related to inclusion criteria 2385 

Several small ecological studies around one or more transmitters in a small geographical area have 2386 

been published, that have assessed the correlation between all cancer and distance from the transmitter. The 2387 

selection of the study base is ill-defined in these studies, and they do therefore not meet the inclusion criteria for 2388 

this report. They are discussed here because some have sometimes attracted sometimes substantial media 2389 

attention, but they are given little or no weight in the overall analysis due to the very small numbers observed of 2390 

specific cancer-types, and weaknesses in study design.   2391 

Wolf and Wolf (2004) investigated people living in an area within a 350 m radius of a mobile phone 2392 

transmitter for 3ï7 years in Netanya, Israel. The exposed group consisted of 622 people identified from one of 2393 

the authorsô health clinic, and the control group of 1222 subjects identified from a clinic nearby. It was stated 2394 

that this group was closely matched on environmental, workplace and occupational characteristics, but no further 2395 

details were given of this. The antenna was installed in 1996 and had a total maximum transmission power at 2396 

frequencies of 850 MHz of 1500 watt, and measured and predicted power density was far below 0.53 µW/cm
2
. 2397 

The number of cancer cases in the exposed population between July 1997 and June 1998 was compared against 2398 

the number in the control population, incidence rates in the town of Natanya, and national incidence rates. Eight 2399 

cases of six different types of cancer were diagnosed in the study period, and this rate (8/622) was several-fold 2400 

higher than that of the general population (31/10 000 per year) and in the nearby clinic (2/1222). [The study 2401 

design is methodologically weak and rate ratios are based on very small numbers of cases of heterogeneous types 2402 

of cancer, and are not age- and sex standardised. The selection of the study population is poorly described, in 2403 

particular criteria for decision in respect to residential boundaries for exposed and unexposed groups and 2404 

matching, with a high likelihood of selection bias towards the exposed area. Selection of study subjects from 2405 

health clinics results in an ill-defined study population base. As with most other studies, there is no information 2406 

on confounding factors or other sources of RF fields.]  2407 

A study in Naila, Germany, investigated cancer incidence in the vicinity of two mobile phone 2408 

transmitters (Eger et al., 2004). The first GSM mobile phone mast in Naila became operational in 1993 and a 2409 

second was installed in 1997. The óinnerô area was defined as being within a 400 meter radius from the cellular 2410 

transmission site, and óouterô was defined as being more than 400 meters away. It was calculated that the main 2411 

beam hits the ground at 350 meters distance. All four general practice doctors in the town took part in the study 2412 

and their team researched the names of patients from the selected streets who had been ill with tumours since 2413 

1994. The authors report that this method covered nearly 90% of local residents. From the 9472 registered 2414 

residents in the town, 320 óinnerô and 647 óouterô residents were selected by selecting ósimilar residential streetsô 2415 

in the inner and outer area óat randomô. For the period 1994ï2004, the teams found 18 cases of cancer among 2416 

320 eligible óinnerô residents and 34 among 967 óouterô residents (OR=2.35); this excess was most apparent for 2417 

the period 1999ï2004. Only crude odds ratios were reported, although average age and proportions of females 2418 

were similar between the two areas. Observed numbers of cases were higher than expected based on Saarland 2419 

cancer registry data in the óinnerô area but lower than expected in the óouterô area, suggesting relative risks might 2420 

have been lower than reported. [This study has an ill-defined population base and unclear completeness of case 2421 

ascertainment and selection of ósimilar residential streetsô in the inner and outer area óat randomô leaves open the 2422 

possibility for bias. Also, it was stated that the study was restricted to patients who had been living during the 2423 

entire observation time of 10 years at the same address, but it is unclear whether this criterion was applied to all 2424 

study subjects, and numbers of subjects who were excluded because of this criterion were not provided. As with 2425 

the study by Wolf and Wolf, rate ratios were based on heterogeneous types of cancer and were not age- and sex-2426 

standardised.]   2427 

The Northern Ireland Cancer Registry conducted an ecological study of cancer incidence and 2428 

mortality around a telecommunications mast in Cranlome, Northern Ireland, during 2001ï2002, due to an 2429 

alleged cancer cluster of 11 cases (Gavin & Catney, 2006). The mast was erected in 1989, and was taken down 2430 

in 2002. The 11 reported cases were validated against the cancer registry records, and unreported cases in the 2431 
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vicinity of the mast were identified from the same source with help of experts in geographical information 2432 

systems from Ordnance Survey Northern Ireland. Concentric circles of radius of 1, 2, 3, 4 and 5 km around the 2433 

mast were constructed. The COMPAS address database was used to highlight and list all addressing within these 2434 

geographic boundaries. Observed cancer rates in the population in an up to 5 km radius were compared with 2435 

national cancer incidence rates using indirect age standardisation. Six of the 11 alleged cases could be identified 2436 

from contacts with the community among which two were not cancer and one was a non-malignant tumour. In 2437 

addition to the three confirmed cancer cases a further 17 cases within 5 km of the mast were identified from 2438 

cancer records. The distribution of tumour types was in accordance with what one might expect from the general 2439 

population. All-cause malignancy was not raised (SIR=0.94, 95% CI: 0.88ï0.99 for males and SIR=1.00, 95% 2440 

CI: 0.94ï1.06) for females. For brain, lymphoma and leukaemia combined the SIRs were 1.01 for males and 2441 

0.99 for females, and analyses by other common subtypes did not show raised risks. [While the definition of the 2442 

population base and case ascertainment is reasonably well-defined, the study had very small numbers of cases 2443 

and is therefore considered uninformative.] 2444 

Eger and Neppe (2009) investigated cancer occurrence for the period 2000ï2007 around a mobile 2445 

phone base station in Westphalia, Germany. They identified 23 cases, of 10 specific cancer sites, by door-to-door 2446 

interviews among 575 residents who lived within 400 meter of a single base station. Cancer incidence in the five 2447 

years immediately after the installation of the mast was compared to that in later years, and it was concluded that 2448 

there was a statistically significant increase in incidence in the five years immediately after the installation 2449 

compared with the 2.5 year period that followed (OR=2.63, 95% CI: 1.14ï6.10). [The lack of a well-defined 2450 

population base, the small numbers and heterogeneous types of observed cancers and the potential for biased 2451 

case ascertainment makes this study uninformative. It is also unclear why, if a true effect existed, cancer risks 2452 

would be only raised within five years of exposure.] 2453 

Stewart et al. (2011) investigated a cancer cluster alleged by residents in a street in Sandwell, West 2454 

Midlands, United Kingdom, which was attributed to the installation of a mobile phone base station in their 2455 

locality in 1997. Health professionals identified a total of 19 patients diagnosed 1974ï2010 and resident in the 2456 

street by asking residents and from cancer registrations from the West Midlands Cancer Intelligence Unit. Their 2457 

diagnoses were of a range of cancers, all but one of them common, counter-indicative of a cancer cluster. Data 2458 

on cancer incidence and mortality at ward level were obtained for 1993ï1995, 1999ï2001, 2001ï2003, 2002ï2459 

2004 [it is not clear why some of these periods overlap], and were compared against the West Midlands overall. 2460 

Mortality of malignant neoplasms excluding non-melanoma skin cancers was significantly raised for females 2461 

(SMR: 1.38, 95% CI: 1.08ï1.74), but not males (SMR: 1.20, 95% CI: 0.92ï1.55) during the period 2001ï2003, 2462 

and was not raised for 2002ï2004. There was a raised SMR for gastrointestinal cancer during 1993ï1995, prior 2463 

to installation, and for 2001ï2003, with only one case who had been resident in the street and their diagnosis 2464 

predated installation of the mast. The SIR for lung cancer was raised during 1999ï2001 but was reduced in 2465 

females during 1993ï1995. There was no association with colorectal, female breast and prostate cancers. The 2466 

authors commented that it was unlikely that information around a single base station could demonstrate 2467 

causality.  2468 

A study by Atzmon et al. (2012) investigated the prevalence of a past cancer diagnosis in relation to 2469 

distance from RF and MW antennae in the population of the Druze village of Isifya, Israel. The first radio 2470 

transmitters were erected in 1970s and mobile phone transmitters in the 1990s, but in the year 2000 all antennae 2471 

were destroyed by residents due to health concerns. An excess observed cancers during 1998ï2001 had been 2472 

indicated according the National Cancer Registry, especially in men (RR=1.57, 95% CI: 1.12ï2.02). A total of 2473 

348 study subjects were interviewed face-to-face and asked about demographical, medical and lifestyle factors. 2474 

After exclusion of subjects who moved to the area after 2000 and patients without documents, the study 2475 

population was 307 subjects. Forty-seven subjects reported past diagnosis of cancer. Houses were geographically 2476 

mapped and individual exposure intensity to the closest transmitter was estimated based on the distance from the 2477 

transmitter. Exposure intensity was not significantly related to prevalence of any of the main types of cancer 2478 

observed apart from colorectal cancer (OR=1.03, 95% CI: 1.01ï1.05, units not provided). [The paper gives 2479 

insufficient detail in order to evaluate the methodological aspects of the study appropriately. It was not described 2480 

how study subjects were selected, what the participation rates were or what proportion of the village was 2481 

investigated; therefore the study base is undefined. Furthermore, this study is of prevalent cases and therefore is 2482 

a study of survivors from cancer. It is stated that family members were interviewed for deceased patients but it 2483 

not stated for how many and whether this would have captured all patients diagnosed in the area over a specified 2484 

time. Besides, the quality of recall from proxies is likely to be considerably poorer. It appears that exposure was 2485 

assessed at the time of recruitment to the study and not retrospective prior to diagnosis of cancer, which would 2486 

be aetiologically relevant. The presented odds ratios in relation to exposure intensity have very narrow 2487 
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confidence intervals despite of being based on very small numbers of cases and it is unclear how they have been 2488 

modelled.]  2489 

12.1.4.2.1 Studies of transmitters in larger geographical areas 2490 

An ecological study in Bavaria, Germany, investigated cancer incidence according to three categories 2491 

of mobile phone base station coverage (Meyer, 2006). There were 15 rural districts and independent towns 2492 

comprising a total of 2.98 million inhabitants that were considered to have complete coverage by the local cancer 2493 

registry in 2005, defined as reporting at least 90% of the expected cases of cancer. From these areas 48 small 2494 

municipalities with a total of 177428 inhabitants were selected for the study due to the amount of work 2495 

associated with geographical mapping of base stations. The majority (36) of municipalities included under 5000 2496 

residents, with only five having over 10 000 residents. Exposure levels were categorised into ónoneô, ólittleô and 2497 

ómoderateô. óNoneô entailed that none of the municipalityôs residential areas were within 400 meters of a base 2498 

station, or that any base stations had been operational for less than five years, considered too short for an 2499 

induction period if there were an effect. óModerateô exposure entailed that the base station had been operational 2500 

for at least 8 years and at least 15% of the municipalityôs residential areas were within 400 meters radius of the 2501 

transmitter or that it had been operational for 5ï7 years and at least 30% of the area was within 400 meter radius. 2502 

Areas that could not be categorised under ónoneô or ómoderateô were categorised as ólittleô exposure. For thirty-2503 

one municipalities no base stations were considered, for 12 one, for 4 two and for 1 three. A total of 37 2504 

municipalities were categorised as ónoneô, 8 as ólittleô and 3 as ómoderateô. Cancer diagnoses were included for 2505 

2002, 2003 or for both years for each municipality depending on whether cancer registrations were judged as 2506 

complete for the respective year. A total of 1116 malignant neoplasms were reported in 242 508 person-years. 2507 

Standardised incidence ratios for all malignancies by municipality in the ónoneô category varied between 0 and 2508 

approximately 2.5; these municipalities generally had the smallest population size. For the ólittleô category, they 2509 

varied between 0.7 and 1.3 and for the ómoderateô between 0.7 and 1.0; these municipalities were considerably 2510 

larger than in the ónoneô group. There were no significant differences between the three exposure groups in SIRs 2511 

for cancer of the breast, brain and central nervous system, thyroid and leukaemia [There was therefore no 2512 

evidence for higher incidence rates of cancer in municipalities with higher exposure levels, and indeed, the large 2513 

heterogeneity in SIRs among small municipalities draws into perspective the results for studies on single 2514 

transmitters. The study by Meyer et al. was, however, based on aggregated data, with the associated deficiencies 2515 

of ecological studies, and could not take into account patient-specific information on distance from transmitters. 2516 

The authors did not specify the criteria on which they selected the 48 municipalities from the larger population. 2517 

The age range of the population is not specified but is implied to include children and adults; SIRs were adjusted 2518 

for age differences, however]. 2519 

The first nationwide study to investigate cancer risks in relation to mobile phone masts to date was 2520 

conducted by Elliot et al. ((2010) in Great Britain. It linked cancer registry and national birth register data in 2521 

order to investigate early childhood cancer risk in relation to proximity of residence to mobile phone base 2522 

stations. A total of 1397 cases of childhood cancer were identified diagnosed at ages 0ï4 years during 1999-2001 2523 

in Great Britain. Four controls per case were selected from national birth registers, individually matched on sex 2524 

and date of birth.  Analyses were conducted for all diagnostic groups and for the two main groups separately: 2525 

leukaemia and non-Hodgkinôs lymphoma (527 cases) and brain and central nervous system (251 cases). Mean 2526 

distance of registered birth address from the nearest macrocell base station was assessed from a national database 2527 

of base-station antennae. There was no statistically significant difference between cases and controls with respect 2528 

to mean distance to the nearest antenna (1107 vs. 1073 meter, p=0.31), total power output of all base stations 2529 

within 700 meter of the address (2.89 vs. 3.00 kW, p=0.54), or modelled power density from base stations within 2530 

1400 meters (-30.3 vs. 29.7 dBm, p=0.41), for cases overall or by main diagnostic group. There was no evidence 2531 

for trend when comparing exposures in a low, intermediate and high category.  [Exposures were assessed for the 2532 

time period of the pregnancy since for controls only birth address was available. If postnatal exposures also 2533 

substantially contributed to aetiology, however, misclassification of exposure levels could have biased the results 2534 

because among cases, 528 (38%) moved residence between birth and diagnosis. While the design of this study 2535 

based on record linkage minimizes selection and reporting biases, there was no information on confounders or on 2536 

other relevant exposure sources such as mobile phone and DECT use during pregnancy, which in turn also 2537 

affects the ability of the study to detect true effects.]  2538 

Spinelli et al. (2010) conducted a case-control study of glioma risk in relation to occupational and 2539 

environmental risk factors, including living near a mobile phone base station. The study was conducted in France 2540 

and included 122 cases diagnosed in 2005 from brain cancer treatment centres in Marseilles and Toulon and 122 2541 

controls selected from the neurosurgery department of the same hospitals. The participation rate among cases 2542 

was 71.6% and for controls was not reported. Nineteen cases and 33 controls lived in the vicinity of a mobile 2543 
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phone base station (OR=0.49, 95% CI: 0.26ï0.92). [This information was apparently self-reported and it is 2544 

unclear how well people are able to report mobile phone base stations in their residential area, in particular 2545 

patients with glioma who may suffer cognitive effects.]  2546 

A population-based case-control study of childhood cancer in relation to mobile phone transmitters in 2547 

Taiwan was reported by Li et al. (2012a). Cases were children under age 15 years newly diagnosed between 2548 

2003ï2007 for neoplasms, identified through the Inpatient Expenditures by Admission Database, which covers 2549 

all Taiwan citizens. Thirty controls who did not have neoplasms and were insured in the same year as the case 2550 

had been admitted were randomly selected matched on year of birth from all children on the Registry for 2551 

Beneficiaries database. A total of 2606 cases were newly diagnosed, including 939 cases of leukaemia and 394 2552 

cases of brain neoplasms. Information on mobile phone base stations was obtained from the Taiwan National 2553 

Communication Council. The researchers calculated the annual summarised power (ASP) in watt-year for each 2554 

mobile phone base station annually from 1998ï2007 from the product of duration of operation and real emitted 2555 

power (watt). The annual power density (APD) in each of the 367 townships in Taiwan was then calculated as 2556 

the ratio of total ASP from all base stations in a township to the area of that township. For each study subject 2557 

ADP was averaged over the five years prior to the year of diagnosis of the index case. Analyses were adjusted 2558 

for age, sex, calendar year of diagnosis, urbanisation level of township and high-voltage transmission line 2559 

density of township, and accounted for correlation in the error term because subjects could be clustered in 2560 

township. The odds ratio for all neoplasms per 10 Watt-year per km
2
 increase in a 5-year average of APD after 2561 

adjusting for these confounders was 1.02 (95% CI: 0.96ï1.08). There was a statistical significant increase in OR 2562 

among children with average APD greater or equal to the median level compared to those with below-median 2563 

levels (OR=1.13, 95 % CI: 1.01ï1.28). When average APD levels were analysed in tertiles, however, the OR for 2564 

the highest tertile was not significantly raised compared with the bottom tertile (OR=1.10, 95% CI: 0.90ï1.33). 2565 

The authors reported there was a sharp excess of cases at the 50ï54th percentile, and therefore, a dichotomous 2566 

classification of exposure with the median as the cut-off led to raised ORs. For leukaemia, the greatest OR was 2567 

in subjects with over median level of exposure (OR=1.23, 95% CI: 0.99ï1.52), but odds ratios were not 2568 

increased when exposure level was analysed in tertiles (1.00, 0.85, 0.82, respectively). For brain tumours, the 2569 

odds ratio associated with over median level of exposure was 1.14 (95% CI: 0.83ï1.55), with odds ratios in 2570 

relation to tertiles being 1.00, 1.03, 1.14; none of these reached statistical significance. [This study had the 2571 

strength that it was population-based with very high completeness of ascertainment and that it encompassed a 2572 

large area.  Even though exposure assessment included a measure of power density, a refinement over studies 2573 

only using distance from the transmitter, such assessment was still very crude as exposures were averaged over 2574 

towns. As with other ecological studies, information on confounders were only available at population level, no 2575 

information on individual risk factors for childhood cancer were available, and neither information on other 2576 

sources of RF]. 2577 

Studies with uncertainties related to inclusion criteria 2578 

An ecological study in Minas Gerais state, Brazil, investigated the spatial correlation between 2579 

mortality from cancer 1996ï2006 and geographical concentration of mobile phone transmitter antennae (Dode et 2580 

al., 2011). Information on deaths from the City Health Department, geographical location of base stations from 2581 

the Brazilian Telecommunications Agency, and city census from the Brazilian Institute of Geography and 2582 

Statistics were geocoded according to ócensus tractsô geographical zones. There were 7191 registered cancer 2583 

deaths at all ages and of types previously investigated with non-ionising radiation during the study period. 2584 

Residential address for cases of eligible cancer deaths were plotted against distance from the first transmitter that 2585 

the resident was possibly exposed. Mortality rates were derived within each radius of 100 meters (0ï1000 m), 2586 

using the number of deaths divided by the estimated population in that radius. Mortality rate ratios were 1.35 2587 

within 100 meters, 1.08 within 500 meters, and declined with distance although no statistical test was applied to 2588 

assess statistical significance for a trend. No results were presented for cancer type-specific mortality rates. 2589 

Measured power density varied from 0.04 µW/cm
2
 to 40.78 µW/cm

2
. [While this study has the advantage that it 2590 

was conducted in a large area with a large numbers of transmitters, its ecological design and lack of data on 2591 

contributory factors still present difficulties in interpreting its results. A particular problem was the assessment of 2592 

the size of the population in each of the 100 m bands. As base stations are positioned in densely population 2593 

areas, it seems likely that the number of residents in close proximity to the transmitters have been 2594 

underestimated and those further away have been overestimated, which could have resulted in spurious raised 2595 

risks in the bands close to the transmitters. Calculations did not take into account differences in distribution of 2596 

age and sex, and other relevant factors such as socioeconomic status. Most deaths occurred within 1 to 2 years of 2597 

installation of the primary base stations; such a short induction period seems aetiologically unlikely. The study is 2598 

not included in the table, and is given little or no weight in the overall assessment.] 2599 



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

94 

12.1.4.3 Base stations of DECT phones 2600 

Schüz et al. (2006b) conducted a population-based case-control study in the regions of Bielefeld, 2601 

Heidelberg, Mainz and Mannheim in Germany to investigate whether the low-level RF emitted from the base 2602 

station of DECT cordless phones is associated with risk of glioma and meningioma. The case-control study was 2603 

part of the Interphone Study and has been described elsewhere (e.g. in section 12.1.3, occupational exposure). 2604 

Cases diagnosed aged 30 to 59 years (October 2000ïSeptember 2001) or aged 30 to 69 years (October 2001ï2605 

October 2003) were recruited from the four neurosurgical clinics in the study region. Controls were selected 2606 

from compulsory population registers in the three regions according to the sex, age and region distribution of the 2607 

cases. Participation rates were 80% for glioma, 88% for meningioma, and 63% for controls. Information on past 2608 

exposures was collected by personal computer-assisted interview. Questions regarding cordless phones were 2609 

asked using a paper questionnaire developed from especially for the German study of Interphone. It collected 2610 

information on DECT and analogue cordless phones in the residence, make and model, start and stop dates of 2611 

use and the location of the base station within the residence. Exposure was classified into ólowô or óhighô. óHighô 2612 

was defined as a DECT base station located in the bedroom, 3 or less meters away from the bed or directly 2613 

adjacent to the wall of the neighbouring room next to the bed, and ólowô as it being positioned elsewhere or 2614 

absence of a DECT phone in the house. Because participants found it difficult to recall whether a phone was a 2615 

DECT phone, information on make and model of the phone was used to assess whether a cordless phone was 2616 

indeed ódefinitively a DECT phoneô or ópossibly a DECT phoneô. Two controls per case were ópost hocô 2617 

matched to cases by sex, birth year (± 2 years), and region. Analyses were conducted with conditional logistic 2618 

regression adjusted for sex, age, socioeconomic status, and living in a city. Interviews were conducted with a 2619 

next-of-kin for 10.9% of glioma cases, 1.3% of meningioma cases and 0.4% of controls. Three glioma cases and 2620 

five meningioma cases were considered exposed to ódefinitively a DECT phoneô.  Odds ratios were 0.50 (95% 2621 

CI: 0.14ï1.76) for glioma and 1.09 (95% CI: 0.37ï3.23) for meningioma. For possible or definitively DECT 2622 

phones, these odds ratios were 0.82 (95% CI: 0.29ï2.33) and 0.83 (95% CI: 0.29ï2.36) respectively, based on 5 2623 

exposed cases of each tumour type. For those in this category who reported first use more than five years ago 2624 

odds ratios were 0.68 (95% CI: 0.14ï3.40) for glioma and 1.29 (95% CI: 0.37ï4.48) for meningioma. [Due to 2625 

the small numbers of exposed cases in the study, and the difficulties in obtaining accurate recall of exposures, 2626 

this study only had sufficient statistical power to detect substantial risk increases, if these existed.] 2627 

 2628 
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Table 12.1.15. Ecological studies of leukaemia incidence or mortality in the vicinity of radio, TV or mobile phone transmitters 

Country 

Time period 

Study population  

Design 

Exposure 

 source 

Exposure, 
subgroup 

 No. of 
exposed 
cases 
(/controls) 

Relative risk (95% 
CI) 

 

Comments Reference 

Sydney,  Australia 

1972ï1990 

Incidence in 3 local 
government areas 
bordering antennae 
(óinnerô) and 6 
adjacent (óouterô) 

135 000 (óinnerô)  
450 000 (óouterô) 
residents 

All ages 

3 TV/FM radio 
transmitters 

All ages 
Exposure area 
Inner vs. outer 

  
 
337/869 
 

 
 
1.24 (1.09-1.40) 
 

SIR in inner area for 
childhood leukaemia: 

1.8, 95% CI: 1.2-2.5) 

Hocking et al. 
(1996) 

0-14 year 
Exposure area 
Inner vs. outer 

  
 
33/101 

 
 
1.58 (1.07-2.34) 

Sydney, Australia 

1972ï1990 

Reanalysis of Hocking 
(1996) 

Incidence in 16 local 
government areas in 
Sydney surrounding 
transmitters 

0-14y 

3 TV/FM radio 
transmitters 

Exposure area 
all 
without Lane Cove 

 

Inner vs. outer 
Inner vs. outer 

 

Not reported 
not reported 

 

1.47 (0.98-2.19) 
0.99 (0.59-1.64) 

Analyses at local 
government level, 
including larger 
geographical area than 
Hocking 1996 and 
calculated RF exposure 
levels  

McKenzie et 
al. (1998) 

RF exposure level 
(continuous, units 
not specified) 
all 
without Lane Cove 

  1.38 (0.99-1.91) 
0.90 (0.56-1.44) 

Sutton Coldfield, Great 
Britain 

1974ï1986 

Incidence in 
population  resident 
<10 km from 
transmitter 

408 000 residents 

All ages 

1 TV and FM radio 
transmitter 

Ó15 year 
Distance (km) 
0-2 
0-10 

  
 
23 
304 

 
 
1.83 (1.22-2.74) 
1.01 (0.90-1.13) 

P Stone test for 
trend=0.001 
(unconditional and 
conditional) 

Dole et al. 
(1997b) 

0-14 year 
Distance (km) 
0-2 
0-10 

  
 
2 
97 

 
 
O/E=2/1.1 
O/E=34/29.7 

Great Britain  

1974ï1986  

Incidence in 
population resident 
within 10 km of a 
transmitter 

20 TV and FM 
radio transmitters 

Ó15 year 
Distance (km) 
0-2 
0-10 

  
 
79 
3305 

 
 
0.97 (0.78-1.21) 
1.03 (1.00-1.07) 

P Stone test for 
trend=0.001 
(unconditional,0.052 
(conditional) 

Dolk et al. 
(1997a) 
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3.39 million residents 

All ages 
0-14 year 
Distance (km) 
0-2 
0-10 

  
 
10 
317 

 
 
1.12 (0.61-2.06) 
0.97 (0.87-1.08) 

P Stone test for 
trend=0.266 
(unconditional) 

Sutton Coldfield, Great 
Britain 

1987ï1994  

Reanalysis of Dolk et al 
(1996) with updated cancer 
data  

Incidence in 
population  resident 
<10 km from 
transmitter 

All ages 

1 TV and FM radio 
transmitter 

All ages 
Distance (km) 
0-2 
0-10 

 

  
 
20 
333 

 

 
 
1.32 (0.81-2.05) 
1.16 (1.04-1.29) 

 

P Stone test for 
trend=0.038 
(unconditional) 0.409 
(conditional). 

Cooper et al. 
(2001) 

0-14 year 
Distance (km) 
0-2 
0-10 

  
 
1 
26 

 
 
1.13 (0.03-6.27) 
1.08 (0.71-1.59) 

P Stone test for 
trend=0.420 
(unconditional). 

Rome, Italy 

Mortality 1987ï1998  
incidence 1987ï1999 

Mortality and 
incidence in 
population <10km of 
transmitters 

49 656 residents 

Mortality: > 14 year 
incidence: 0-14 year 

Vatican Radio 
Station (multiple 
transmitters 500-
600 kW) 

>15 year (mortality) 
Distance (km) 
0-2 
2-4 
4-6 
6-8 
8-10 

 
 

 
 
2 
9 
12 
11 
6 

 
 
1.8 (0.3-5.5) 
1.5 (0.7-2.7) 
1.0 (0.5-1.7) 
1.1 (0.6-1.8) 
0.7 (0.3-1.5) 

SIR 0-6 km: 2.2 (1.0-4.1) Michelozzi et 
al. (2002) 

0-14 year 
(incidence) 
Distance (km) 
0-2 
2-4 
4-6 
6-8 
8-10 

  
 
1 
2 
5 
0 
0 

 
 
6.1 (0.4-27.5) 
2.3 (0.7-7.2) 
1.9 (0.7-4.0) 
- 
- 

SIR 0-10 km: 1.2 (0.6-2.3) 

South Korea 

1993ï1996 

Incidence in 11 high-
power and 44 
adjacent control 
areas, and 31 low-
power areas 
ascertained from 
census data 

Total population size 
not known 

 Ó10 year 

42 AM radio 
transmitters in 
total, high power 
sites Ó100 kW, 
low-power=50 kW 

Region according to 
power of transmitter 
High vs. Low-power 

  
 
Not reported 

 
 
1.5 (0.7-6.6) 

SIRs with expected 
values based on 5-year 
age-specific incidence 
rates of control areas. 

Ha et al. 
(2003) 

SIRs for high-power 
only, sites with: 
100 kW 
250 kW 
500 kW 
1500 kW 

  
 
9 
12 
10 
4 

 
 
1.20  (0.55-2.28) 
2.45 (1.27-4.29) 
0.65 (0.31-1.19) 
4.26 (1.16-10.89) 
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South Korea 

1994ï1995) 

Mortality in 10 areas 
with a Ó100kW AM 
transmitter, and 
control areas 

1.2 million exposed 
6.9 million 
unexposed 

All ages 

Ó100 kW AM 
transmitter 

All ages 
Exposed yes vs. no 

  
55 

 

 
1.70 (0.84-3.45) 

 

 Park et al. 
(2004) 

0-14 year 
Exposed yes vs. no 

  
11 

 
2.29 (1.05-5.98) 
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Table 12.1.16. Case-control and cross-sectional studies of leukaemia incidence or mortality in the vicinity of radio, TV or mobile phone transmitters 

Country 

Time period 

Study population  

Design 

Exposure 

 source 

Exposure, 
subgroup 

 No. of 
exposed 
cases 
(/controls) 

Relative risk (95% 
CI) 

 

Comments Reference 

Hawaii, USA 

1979ï1990, 1979ï1990  

Case-control study in 
3 census tracts 
ascertained from 
local health centre 
covering >90% of 
population 

12 cases, 48 controls 

0-15 year 

LF radio (23.4 kHz) Distance (miles) 
<2.6 (median)  

  
12 

 
2.0 (0.06-8.3) 

SIR analysis on same 
cases: 2.09 (95% CI: 
1.08-3.65) 

Mascarinec et 
al. (1994) 

South Korea 

1993ï1999 

Hospital-based case-
control study in 14 
hospitals 

1928 cases, 2064  
controls 

0-14 year 

31 AM radio 
transmitters >20 kW  

Distance (km) 
0-2 
>2-4 
>4-6 
>6-8 
>8-10 
>10-20 
>20 

  
36 
73 
120 
218 
276 
428 
772 

 
2.15 (1.00-4.67) 
0.66 (0.44-0.99) 
1.07 (0.77-1.49) 
1.26 (0.96-1.65) 
1.10 (0.85-1.41) 
0.80 (0.65-0.99) 
1.00 baseline 

P trend=0.10 Ha et al. 
(2007; 2008) 

Total RF 
(mV/m), 
quartiles 
 <518.41 
518.41-<624.35 
624.35-<916.96 
Ó916.96 

  
 
 
737 
362 
330 
494 

 
 
 
1.00 baseline 
0.75 (0.58-0.97) 
0.70 (0.55-0.90) 
0.83 (0.63-1.10) 

P trend=0.44 

Peak RF 
(mV/m), 
quartiles 
<274.31 
274.31-<380.79 
380.79-<608.35 
Ó608.35 

  
 
 
737 
362 
330 
494 

 
 
 
1.00 baseline 
0.95 (0.75-1.20) 
0.86 (0.68-1.09) 
1.02 (0.81-1.29) 

P trend=0.43 
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West Germany  

1984ï2003 

Population-based 
case-control study 

1959 cases, 5848 
controls 

0-14 year 

16 AM and  8 FM/TV 
transmitters 

Exposure (V/m) 
<0.164 (90%) 
0.164-<0.198 
(90-94%) 
0.198-0.185 
(Ó95%) 

  
5263 
292 
 
86 

 
1.00 (baseline) 
1.02 (0.80-1.31) 
 
0.86 (0.67-1.11) 

 Merzenich et 
al. (2008) 

Distance (km) 
0-<2 
2-<6 
6-<10 
10-<15 
Ó15 

  
25 
172 
314 
551 
866 

 
1.04 (0.65-1.67) 
0.81 (0.66-0.99) 
0.79 (0.67-0.93) 
1.00 (baseline) 
1.00 (0.88-1.14) 

Great Britain 

1999ï2001 

Population-based 
case-control study 
from cancer and birth 
registers 

527 cases of 
leukaemia and non-
Hodgkinôs lymphoma, 
2108 controls 

0-4 year 

Macrocell mobile 
phone base stations 

Distance (m), 
tertiles 
<612 
612-1071.7 
>1071.7 

  
 
182 
167 
178 

 
 
1.00 (baseline) 
0.99 (0.78-1.27) 
1.05 (0.71-1.35) 

P trend=0.75 Elliot et al. 
(2010) 

Modelled power 
density (dBm), 
tertiles 
<-26.5 
-26.5 to -17.6   
Ó-17.7 vs <-
26.5 

  
 
 
179 
179 
169 

 
 
 
1.00 (baseline) 
1.16 (0.90-1.48) 
1.03 (0.79-1.34) 

P trend=0.51 

Taiwan 

2003ï2007) 

Population-based 
case-control study 
from national hospital 
admission and 
insurance database 

939 leukaemia 
cases, 28 170 
controls 

Mobile phone base 
stations 

Average annual 
power density 
(Watt-year per 
km

2
) over 5 

years prior to 
diagnosis year 
Per 1 SD 
increase 

   
 
 
 
 
 
0.97 (0.87-1.08) 

 Li et al. 
(2012a) 

<168.7 
(median) 
Ó 168.7 

  1.00 (baseline) 
 
1.23 (0.99-1.52) 
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<92.2 (tertile 1) 
92.2-<932.9 
(tertile 2) 
Ó392.9 (tertile 
3) 
 

  1.00 (baseline) 
0.85 (0.68-1.07) 
 
0.82 (0.59-1.13) 
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Table 12.1.17. Ecological studies of brain and CNS tumour incidence or mortality in the vicinity of radio, TV or mobile phone transmitters 

Country 

Time period 

Study population  

Design 

Exposure 

 source 

Exposure, 
subgroup 

 No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

 

Comments Reference 

Sydney, Australia 

1972ï1990  

Incidence in 3 local 
government areas 
bordering antennae 
(óinnerô) and 6 
adjacent (óouterô) 

135 000 (óinnerô), 
450 000 (óouterô) 
residents 

All ages 

3 TV and FM 
transmitter 

All ages 
Inner vs. 
outer 

  
740 (total) 

 
0.89 (0.71-1.11) 

 Hocking et al. 
(1996) 

0-14 year 
Inner vs. 
Outer 

  
12/52 

 
1.10 (0.59-2.06) 

Sutton Coldfield, Great 
Britain 

1974ï1986 

Incidence in 
population resident 
<10 km from mast 

408 000 residents 

All ages 

1 TV and FM radio 
transmitter 

Ó15 year 
Distance 
(km) 
0-2 
0-10 

  
 
 
17 
332 

 
 
 
1.29 (0.80-2.06) 
1.04 (0.94-1.16) 

P Stone test for 
trend=0.612 
(unconditional) 

Dolk et al. 
(1997b) 

Great Britain 

1974ï1986 

Incidence in 
population resident 
within 10 km of a 
transmitter 

3.39 million residents 

All ages 

20 TV and FM radio 
transmitters 

0-14 year 
Distance 
(km) 
0-2 
0-10 

  
 
 
4 
244 

 
 
 
0.62 (0.17-1.59) 
1.06 (0.93-1.20) 

P Stone test for 
trend=0.465 
(unconditional). 

Results for adults not 
reported. 

Dolk et al. 
(1997a) 

South Korea 

1993ï1996 

Incidence in 11 high-
power and 44 
adjacent control 
areas, and 31 low-
power areas 
ascertained from 

42 AM radio 
transmitters in total, 
high power sites 
Ó100 kW, low-
power=50 kW 

Region 
according to 
power of 
transmitter 
High vs. 
low-power 

  
 
 
 
Not reported 

 
 
 
 
1.8 (0.9-11.1) 

Brain cancer only, SIRs 
with expected values 
based on 5-year age-
specific incidence rates of 
control areas 

Ha et al. (2003) 
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census data 

Total population size 
not known 

All ages 

SIRs for 
high-power 
only, sites 
with: 
100 kW 
250 kW 
500 kW 
1500 kW 

  
 
 
 
16 
10 
16 
3 

 
 
 
 
2.27 (1.30-3.67) 
0.86 (0.41-1.59) 
1.47 (0.84-2.38) 
2.19 (0.45-6.39) 

South Korea 

1994ï1995( 

Mortality in 10 areas 
with a Ó100kW AM 
transmitter, and 
control areas 

1.2M exposed, 6.9M 
unexposed 

All ages 

Ó100 kW AM 
transmitter 

Exposed, 
Yes vs. no 
All ages 
0-14 year 

  
 
30 
2 

 
 
1.52 (0.61-3.75) 
2.12 (0.44-12.06) 

 Park et el. 
(2004) 

Bavaria, Germany 

2002-2003 

Incidence in 48 
municipalities with 
completeness of 
cancer registrations 
>90% 

177428 residents 

All ages 

Mobile phone base 
stations 

Exposure 
level of 
municipality 
37 
municipaliti
es with no, 
8 with little 
and 3 with 
moderate 
exposure 

 Not reported No significant 
differences in SIR 
between three 
exposure 
categories, 
p=0.17 

 Meyer (2006) 
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Table 12.1.18. Case-control studies of brain and CNS tumour incidence or mortality in the vicinity of radio, TV or mobile phone transmitters 

Country 

Time period 

Study population  

Design 

Exposure 

 source 

Exposure, 
subgroup 

 No. of 
exposed 
cases 
(/controls) 

Relative risk 
(95% CI) 

 

Comments Reference 

South Korea 

1993-1999 

Hospital-based case-
control study in 14 
hospitals 

956 cases, 1020 
controls 

0-14 year 

31 AM radio 
transmitters >20 kW  

Distance 
(km) 
0-2 
>2-4 
>4-6 
>6-8 
>8-10 
>10-20 
>20 

  
 

10 
32 
59 
90 
114 
244 
400 

 
 

1.42 (0.38-5.28) 
1.40 (0.77-2.56) 
1.02 (0.66-1.57) 
1.26 (0.96-1.65) 
1.08 (0.73-1.59) 
0.94 (0.67-1.33) 
1.00 baseline 

P trend=0.76 Ha et al. (2007) 

   Total RF 
(mV/m), 
quartiles<5
32.55  
532.55-
<622.91 
622.91-
<881.07 
Ó881.07 

  
 
 
329 
185 
 
181 
 
254 

 
 
 
1.00 baseline 
0.66 (0.47-0.92) 
 
0.72 (0.51-1.01) 
 
0.77 (0.54-1.10) 

P trend=0.73  

Great Britain 

1999ï2001 

Population-based 
case-control study  
from cancer and birth 
registers 

251 cases of brain 
and CNS 
tumours,1004 
controls 

0-4 year 

Macrocell mobile 
phone base stations 

Distance 
(m), tertiles 

<612  
612-1071.7 
>1071.7 

  
 
85 
85 
81 

 
 
1.00 (baseline) 
0.95 (0.67-1.34) 
0.95 (0.65-1.38) 

P trend=0.75 Elliot et al. 
(2010) 

Modelled 
power 
density 
(dBm), 
tertiles 
<-26.5  
-26.5 to -
17.6 
Ó-17.7 vs <-
26.5 

  
 
 
 
 
93 
80 
 
78 

 
 
 
 
 
1.00 (baseline) 
0.97 (0.69-1.37) 
 
0.76 (0.51-1.12) 

P trend=0.33 
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France 

2005 

Hospital-based case-
control study from 
two main centres 

122 cases of glioma, 
122 controls 

Mobile phone base 
stations 

Residence 
<500 from 
mobile 
phone base 
station 
 Yes vs. no 

 19 0.49 (0.26-0.92)  Spinelli et al 
(2010) 

Taiwan 

2003ï2007 

Population-based 
case-control study 
from national hospital 
admission and 
insurance database 

394 brain neoplasm 
cases, 11 820 
controls 

Mobile phone base 
stations 

Average 
annual 
power 
density 
(Watt-year 
per km

2
) 

over 5 
years prior 
to diagnosis 
year 

Per 1 SD 
increase 

   
 
 
 
 
 
 
 
 
 
 
1.09 (0.95-1.25) 

  Li et al. (2012a) 

   <168.1 
(median) 
Ó 168.1  

  1.00 (baseline) 
 
1.14 (0.83-1.55) 

  

   <94.0 
(tertile 1) 
Ó392.9 
(tertile 2) 
Ó392.9 
(tertile 3) 

  1.00 (baseline) 
 
1.03 (0.73-1.45) 
 
1.14 (0.70-1.85) 
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 2629 

12.1.5 Incidence studies 2630 

Studies of changes in incidence trends over time can be informative provided that the exposure 2631 

prevalence is sufficiently high in the general population and has changed substantially over a short time period, 2632 

and that population based cancer registries with good coverage are available, which are not in a built-up phase. 2633 

With regard to mobile phone use, the exposure prevalence in many countries worldwide has changed from non-2634 

existent to close to 100% of the population in less than two decades. If RF exposure from mobile phone use is 2635 

associated with an increased risk of cancer, e.g. brain tumours, this should be reflected in increasing incidence 2636 

trends unless the risk is restricted to a small subgroup of the population, e.g. extremely heavy users, or appears 2637 

only after a very long induction time period. This type of ecological studies cannot, however, replace analytic 2638 

study designs such as cohort or case-control studies, which collect exposure information on an individual level, 2639 

but can under certain circumstances be used as a consistency check for results obtained with analytic study 2640 

designs. Therefore, only incidence studies that cover a sufficiently long time period (at least a few years into the 2641 

2000s) to capture potential effects from mobile phone use of durations reported in some analytical 2642 

epidemiological studies are discussed below. Several studies have been conducted that cover earlier time 2643 

periods, and end in the late 1990s or early 2000s, which is too early to provide data of relevance for evaluation of 2644 

an effect of mobile phone use on the incidence of brain tumours, and especially of a slow growing tumour like 2645 

acoustic neuroma. These studies have in common that they find no increased incidence of brain tumours in age-2646 

groups where mobile phone use was most common (Cook et al., 2003; Röösli et al., 2007), while for acoustic 2647 

neuroma a gradual increase in the incidence was found from the 1970s/1980s that coincides with the introduction 2648 

of CT and later MRI, and the increasing availability of these diagnostic techniques (Evans et al., 2005; Hardell et 2649 

al., 2003; Nelson et al., 2006; Propp et al., 2006). 2650 

For periodic updates of incidence trends from the same cancer registry restriction is made to the most 2651 

recent publication, unless an earlier publication provide information of relevance that are not available in the 2652 

latest update. Incidence studies performed to specifically discuss potential effects of mobile phone use are 2653 

included, provided they fulfil the inclusion criteria.  2654 

12.1.5.1 Brain tumours 2655 

Brain tumour incidence studies from various countries have been published over a number of years, 2656 

and some more recent studies have been performed to specifically investigate the consistency between observed 2657 

incidence trends and results obtained in some published case-control studies of mobile phone use and glioma 2658 

risk.  2659 

Deltour and colleagues (Deltour et al., 2012) analysed age standardized glioma incidence trends for 2660 

men and women 20ï79 years old in the Nordic countries 1979ï2008, using joinpoint regression analyses. 2661 

Through simulations, estimations were also made of the probability of detecting, as a significant increase in the 2662 

glioma incidence rate, various magnitudes of increased risks of glioma related to mobile phone use, specifically 2663 

risk levels that had been reported in a few case-control studies. Data on glioma incidence were collected from the 2664 

national cancer registers, and prevalence of mobile phone use was estimated from data collected in the Nordic 2665 

Interphone studies. From the Nordic Interphone studies information was abstracted about the proportion of 2666 

persons who used a mobile phone regularly and the proportion of heavy users (at least 1640 cumulative hours) 2667 

for each year from 1980 to 2002 by sex and age group. For the period following the end of the data collection for 2668 

Interphone, i.e. 2003-2008, mobile phone use was extrapolated from 2002 as rising by 3% annually, which is 2669 

slightly slower than the average over the years 1990-2000. The results showed that over the whole period, the 2670 

glioma incidence had increased on average by 0.4% per year (95% CI 0.1ï0.6%) among men and 0.3% (95% CI 2671 

0.1ï0.5%) among women. For men in the age group 20ï39 years, the incidence had decreased since 1987, in the 2672 

age group 40ï59 it had been stable over the whole study period, and among men 60ï79 years a slight increase in 2673 

the incidence was observed. Also for women the increased incidence was primarily observed in the oldest age 2674 

group. The probability to detect an increased risk in incidence trends was 100% for a relative risk of 2.0 or 2675 

higher associated with mobile phone use with an induction period of up to 15 years, and a relative risk of 1.5 or 2676 

higher with an induction period of up to 10 years, and 100% to detected a relative risk of 1.2 or higher with up to 2677 

5 years induction period. For heavy mobile phone use, corresponding to the highest exposure category in the 2678 

Interphone study (>1640 cumulative hours), the probability was 100% to detect a relative risk of 2.0 with up to 5 2679 

years induction period, and 98% to detect a relative risk of 1.5 with up to one year induction time. [This means 2680 

that if the risk increases that were reported in a few case-control studies to be associated with mobile phone use 2681 

were real, they would have resulted in a detectable increase in the glioma incidence in the Nordic countries. The 2682 
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Nordic countries were among the earliest to adopt the mobile phone technology in the general population. The 2683 

study did not provide information for longer induction periods than up to 15 years.] 2684 

Ahlbom and Feychting presented glioma incidence trends in Sweden during the time period 1970ï2685 

2009 (Ahlbom & Feychting, 2011), stratified on age in three groups (20ï39, 40ï59, Ó60), based on data from the 2686 

Swedish national cancer registry. No indication of increased incidence during the later years was found. 2687 

In an earlier study, Deltour et al. (Deltour et al., 2009) reported incidence trends in the Nordic 2688 

countries for glioma and meningioma during the period 1974-2003. While the relevant data for glioma are 2689 

included in the study discussed above, meningioma incidence rates were not covered. For meningioma, the 2690 

incidence increased slightly over the whole study period among men (annual percent change 0.8), and more 2691 

pronounced among women (annual percent change 2.9 during 1974ï1987, and 3.8 during 1990ï2003), and did 2692 

not exhibit any change related to the introduction of mobile phones. [Improved diagnostic techniques, like CT 2693 

and MRI, are likely to affect the incidence rate for meningioma, which is a slow growing and generally benign 2694 

tumour. The study period is likely too short to detect any effect in a slow-growing tumour like meningioma.] 2695 

 Little and colleagues (Little et al., 2012) compared the observed glioma incidence rate among adults 2696 

(18 years or older) in the US during the period 1997ï2008 with projected incidence rates estimated from relative 2697 

risks reported in the study by Hardell et al. with pooled data from two case-control studies (Hardell, Carlberg & 2698 

Hansson Mild, 2011a) and from the Interphone study (Interphone Study Group, 2010). Glioma incidence data 2699 

were collected from 12 registries in the US population based Surveillance, Epidemiology, and End Results 2700 

(SEER) programme. The glioma incidence was stable over the study period with an average change of -0.02 per 2701 

year (95% CI -0.28% to 0.25%). A decreased incidence was observed for low grade glioma, -3.02% per year 2702 

(95% CI -3.49% to -2.54%), and for tumours with a poorly specified location, -2.35% (95% CI -2.81% to -2703 

1.89%), and an increased incidence for glioma in the temporal lobe, 0.73% per year (95% CI 0.23ï1.23%) and 2704 

other specified sites, 0.79% per year (95% CI 0.40ï1.19%). There was no accelerating increase in the incidence 2705 

of temporal lobe tumours when comparing the incidence before and after 1996. The predicted incidence rate, 2706 

from estimations based on relative risks, latency periods and cumulative hours of use from the Hardell study 2707 

showed a 44.5% higher predicted than observed incidence rate. For temporal lobe tumours the predicted 2708 

incidence rate was 30.6% higher than the observed incidence, and for astrocytoma the predicted incidence rate 2709 

was 58.3% higher than the observed. The corresponding predictions using the modest risk increases and risk 2710 

decreases in the Interphone study were compatible with the observed incidence rate. [The study provides 2711 

evidence against an association between mobile phone use and glioma risk of the magnitude and with the latency 2712 

periods reported by Hardell et al. A risk increase restricted to a small subgroup of the population, or after a 2713 

longer latency period than has so far been studied, would not be detected in the US incidence trends. Mobile 2714 

phone use in the US became widespread in the general population later than in the Nordic countries, e.g. in the 2715 

early 2000s mobile phone subscriptions per capita was around 40% in the US compared to 80% in Sweden 2716 

(Swerdlow et al., 2011).]  2717 

Incidence studies from the US were also reported by Inskip and colleagues (Inskip, Hoover & Devesa, 2718 

2010), covering the time period 1977ï2006, and by Kohler and colleagues (Kohler et al., 2011), for the period 2719 

1975ï2007. The data included in these studies are also covered in the study by Little et al., although these 2720 

studies included a wider age range, and presented some additional analyses. Inskip et al. report age-specific 2721 

incidence trends separately for the periods 1977ï1991 and 1992ï2006, where the early period covers the 2722 

introduction of CT and MRI, while the second period covers the introduction of mobile phones. An increased 2723 

brain cancer incidence during the early period was observed in the youngest age groups (<20 years and 20ï29 2724 

years) and in the oldest (Ó65 years). In the later period, brain cancer incidence showed a slightly downward trend 2725 

in most age groups, although not statistically significant. In women aged 20ï29, however, an upward trend was 2726 

observed. Kohler et al. used joinpoint regression analyses, and observed an increased rate of neuroepithelial 2727 

tumours, which are mostly glioma, by 1.9% per year from 1980 to 1987, and a decreased rate by 0.4% per year 2728 

1987ï2007. Incidence trends differed among histological groups. [Improvement and increased availability of 2729 

new diagnostic techniques and changes in coding and classification practices may affect incidence trends for 2730 

specific histological subgroups.]  2731 

Dolecek and colleagues (Dolecek et al., 2012) published brain tumour incidence trends in the US for 2732 

the time period 2005ï2009 based on data from the Central Brain Tumor Registry of the United States 2733 

(CBTRUS). CBTRUS covers the largest collection of population based data on the incidence of primary brain 2734 

and CNS tumours in the US, and receives data from all healthcare data sources, for example from the SEER 2735 

program. No significant changes in the incidence of all primary malignant or benign brain and central nervous 2736 

system (CNS) tumours were observed during the study period. The age-adjusted incidence rate of malignant 2737 
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brain and CNS tumours was 7.4/100 000 in 2005 and 7.1/100 100 in 2009, while corresponding results for 2738 

benign brain and CNS tumours was 12.7/100 000 and 13.8/100 000, respectively. 2739 

In a study from Israel, Barchana and colleagues (Barchana, Margaliot & Liphshitz, 2012) described 2740 

incidence trends for low and high grade glioma from 1980 to 2009 based on data from the national cancer 2741 

registry, and changes in the tumour laterality during this time period. In addition, a survey was conducted to 2742 

assess the preferred side of the head for mobile phone use in a random sample of 1000 Israeli adults. The 2743 

majority, 70%, reported that they used the mobile phone mostly or always on the right side, while 13% used it 2744 

equally often on both sides, and 17% reported use mostly or always on the left side. The penetration of mobile 2745 

phone use, measured as number of mobile phones per total population (including also children and elderly), was 2746 

2% in 1994, 29% in 1997, 67% in 2000, and reached 100% in 2003. Incidence rates were reported for 5-year 2747 

periods, three periods before 1994, and three periods during the time when mobile phone use increased 2748 

substantially in the population. Over the whole study period, the incidence of low grade glioma decreased 2749 

significantly both among men and women, with the sharpest decrease during the period 1994ï2009. The 2750 

incidence of high-grade glioma increased over the whole time period 1980ï2009, but the increase levelled off 2751 

during the latter part of the period, especially among men. For all glioma combined, the annual incidence among 2752 

men in the period 1990ï1994 was 6.86/100 000 and in 2004ï2009 7.21/100 000 population. The corresponding 2753 

numbers for women were 5.07/100 000 and 5.1/100 000, respectively. Tumour laterality changed from being 2754 

more common on the right side in the period 1980ï1989 to be more common on the left side during 2000ï2008 2755 

(data were not available for 2009), although differences were small, and for about one third of the patients 2756 

tumour side was not recorded. The shift towards left sided tumours was more marked among persons diagnosed 2757 

in the ages 20ï49 years. [Missing data on tumour side is unlikely to differ between right and left sided tumours, 2758 

thus, the data do not indicate that right sided tumours have increased, which would have been expected if 2759 

localized exposure from mobile phone use affected glioma occurrence. The modest increase in glioma incidence, 2760 

most pronounced during the early study period, before the introduction of mobile phones, does also not support 2761 

an effect of mobile phone use, although an effect after a long latency period would not be detected. Access to 2762 

information about laterality of tumours is a strength of this study.] 2763 

Brain cancer incidence time trends in England between 1998 and 2007 were reported by de Vocht and 2764 

colleagues (de Vocht, Burstyn & Cherrie, 2011), based on cancer incidence data from the UK Office of National 2765 

Statistics. Only malignant brain cancers were included, which means the majority of cancers were glioma. 2766 

Between 1990 and 2002, mobile phone use in the UK increased from 0 to 65%. No statistically significant 2767 

change in brain cancer incidence was found, either for men or women, or in different age groups. A slight 2768 

increase in the incidence of tumours in the temporal and frontal lobes was observed, and a decrease in the 2769 

incidence of tumours in overlapping lesions of the brain, parietal lobe, cerebrum, and cerebellum. [A shift in 2770 

incidence between tumour locations may reflect improvements in diagnostic methods used, e.g. increased access 2771 

to MRI scanning, which is indicated by the decrease in overlapping tumours.] 2772 

Dobes and colleagues conducted a multicentre study of brain tumour incidence 2000ï2008 in parts of 2773 

Australia, New South Wales and the Australian Capital Territory (Dobes et al., 2011). Data were collected 2774 

retrospectively through pathology databases serving neurosurgical centres in these areas, and only histologically 2775 

confirmed cases were included. Age-standardized incidence rates were calculated and trends analysed with 2776 

joinpoint analysis. A significant increase in the incidence of malignant brain tumours was observed, with an 2777 

annual percent change of 2.3 in both men and women, which was largely due to an increased incidence in the 2778 

oldest age group, Ó65 years. [Incidence rates are still lower than in the US, which may reflect an under-2779 

ascertainment of cases through less intensive use of imaging technologies, retrospective case identification, and 2780 

omission of tumours that are not histologically confirmed.] 2781 

A report from the New South Wales population-based cancer registry (Currow & Thomson, 2014) 2782 

described no significant change in the incidence for brain cancer (ICD-O-3 C71) in New South Wales during the 2783 

period 2000ï2009. For men the annual percent change was -0.5 and for women -0.4.  2784 

Ding and colleagues (Ding & Wang, 2011) studied the incidence of brain and nervous system tumours 2785 

in urban Shanghai, China, 1983ï2007, using data collected from the Shanghai cancer registry, to which it is 2786 

mandatory to report all new cases of cancer. Joinpoint analysis was used to describe incidence trends and detect 2787 

changes in the trends. Brain and nervous system tumour incidence increased over the whole studied period, but 2788 

no significant change in the increase was observed. The annual percent change was 1.2 in men and 2.8 in 2789 

women. Mobile phones were introduced in 1987, and there were 100 000 subscribers in 1995, 1 million in 1998 2790 

and 10 million in 2000. The authors concluded that their results do not support an effect of mobile phone use, as 2791 

the incidence rates continued a gradual increase that started well before the introduction of mobile phones.  2792 
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Nomura and colleagues (Nomura, Ioka & Tsukuma, 2011) studied the incidence rates of intracranial 2793 

tumours in Osaka between 1975 and 2004, using data from the Osaka Cancer Registry, and analysing trends with 2794 

joinpoint analysis. The incidence rate of malignant intracranial tumours increased significantly between 1975 2795 

and 1986 (annual percent change 3.5), and decreased significantly from 1986 to 2004 (annual percent change -2796 

1.4). A similar pattern was seen for all intracranial tumours combined (malignant and benign).  2797 

Saika and colleagues (Saika & Katanoda, 2011) described brain and central nervous system (CNS) 2798 

cancer mortality rates in 11 countries 1990ï2006, based on information from the WHO database. Mortality rates 2799 

were stable or decreasing in all countries except Russia and for women in Spain. [Mortality rates are affected 2800 

both by changes in incidence and in survival.] 2801 

Studies with uncertainties related to inclusion criteria 2802 

The study by Lehrer and colleagues (Lehrer, Green & Stock, 2011) is not included in the evaluation 2803 

because the authors correlated the number of brain tumour cases with the number of mobile phone subscriptions 2804 

in 19 states in the US, but did not adequately consider population size, age and sex distribution.  2805 

Table 12.1.19. Incidence studies ï brain tumours 

Country/ 

location 

 

Time period 

Age range 

Outcome Cancer 
incidence data 

Cancer trend Comments Reference 



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

109 

Denmark 

Finland 

Norway 

Sweden 

1979ï2008 

20ï79 year 

Glioma Incidence rates 
from Nordic 
national cancer 
registries 

Annual % change (95% 
CI): 

Men 

1979ï2008: 0.4 (0.1, 0.6) 

20ï39 years:  

1979ï1987: 3.8 (0.5, 7.2) 

1987ï2008: -0.7 (-1.4, 0.1) 

40ï59 years: 

1979ï2008: 0.1 (-0.2, 0.3) 

60ï79 years: 

1979ï2008: 0.9 (0.5, 1.2) 

Women 

1979ï2008: 0.3 (0.1, 0.5) 

20ï39 years: 

1979ï2008: 0.3 (-0.2, 0.8) 

40ï59 years: 

1979ï2008: 0.0 (-0.2, 0.2) 

60ï79 years: 

1979ï2008: 0.6 (0.3, 0.9) 

Projections based on 
simulations: 

1 year induction period: 

Ever use: 100% probability 
to detect RR 1.2 or higher 
and 0.8 or lower 

Heavy use (>1640 h): 
100% probability to detect 
RR 2.0 or higher, 98% 
probability to detect RR 1.5 
or higher 

5 years induction period: 

Ever use: 100% probability 
to detect RR 1.2 or higher 
and 0.8 or lower 

Heavy use (>1640 h): 
100% probability to detect 
RR 2.0 or higher 

10 years induction period: 

Ever use: 100% probability 
to detect RR 1.5 or higher, 
96% probability to detect 
1.2 or higher 

15 years induction period: 

Ever use: 100% probability 
to detect RR 2.0 or higher 

Joinpoint analyses. 

High quality cancer 
registration. 

Nordic countries 
among the earliest to 
adopt mobile phone 
technology in the 
general population. 

Latency period up to 
15 years. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Deltour et al., 
2012) 

Sweden 1970ï2009 

20ï39 year 

40ï59 year 

Ó60 year 

Glioma Incidence rates 
from Swedish 
cancer registry 

No indication of increased 
incidence during later 
years. 

High quality cancer 
registration. 

Latency period over 
15 years. 

(Ahlbom & 
Feychting, 
2011) 



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

110 

Denmark 

Finland 

Norway 

Sweden 

1974ï2003 

20-79 year 

Glioma 
and 
meningio
ma 

Incidence rates 
from Nordic 
national cancer 
registries 

Glioma results included in 
Deltour et al. 2012 above 

Meningioma, annual % 
change (95% CI): 

Men 

1974ï2003: 0.5 (0.2, 0.8) 

Women 

1974ï1987: 2.9 (2.2, 3.7) 

1987ï1990: -2.1 (-8.1, 4.2) 

1990ï2003: 3.8 (3.2, 4.4) 

Joinpoint analyses. 

High quality cancer 
registration. 

Improved diagnostic 
techniques (CT, 
MRI) are likely to 
affect the incidence 
rate for meningioma. 

Latency period up to 
10 years. 

No evidence of an 
impact of mobile 
phone use on glioma 
or meningioma 
incidence. 

(Deltour et al., 
2009) 

USA 1997ï2008 

Ó18 year 

Glioma Incidence rates 
from SEER 

Annual % change (95% 
CI): 

Overall: -0.02 (ī0.28, 0.25) 

High grade: 

0.64 (0.33, 0.95) 

Low grade:  

ī3.02 (ī3.49, ī2.54) 

Temporal lobe: 

0.73 (0.23, 1.23) 

Other specified sites: 

0.79 (0.40, 1.19) 

Poorly specified location: 

ī2.35 (ī2.81, ī1.89) 

Projections based on 
results from Hardell et al. 
2011: 

Predicted incidence rate for 
glioma overall 44.5% 
higher than observed 

For temporal lobe tumours: 
30.6% higher than 
observed 

For astrocytoma: 58.3% 
higher than observed 

Projections based on 
results from Interphone, 
2010: 

Compatible with observed 
incidence 

Results from Hardell 
et al. 2011 not 
compatible with 
observed incidence.  

Mobile phone use in 
the US became 
widespread in the 
general population 
later than in the 
Nordic countries. 

Latency period over 
10 years. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Little et al., 
2012) 

USA 1977ï2006 

Separate 
trends for  
1977ï1991 
and 1992ï
2006 

All ages, 
age specific 
analyses 

Brain 
cancer 
(excluding 
meningio
ma and 
other 
benign 
brain 
tumours)  

Incidence rates 
from SEER 

1977ï1991: Increased 
brain cancer incidence in 
the youngest age groups 
(<20, 20-29) and oldest 
(Ó65) 

1992ï2006: Slightly 
downward trend in most 
age groups. Upward trend 
in women 20-29 years 
(frontal lobe tumours) 

Latency period up to 
10 years. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Inskip, Hoover 
& Devesa, 
2010) 
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USA 1975ï2007 

Ó20 year 

Neuro-
epithelial 
tumours 
(mostly 
glioma 

Incidence rates 
from SEER 

Annual % change: 

1980ï1987: 1.9 (p<0.05) 

1987ï2007: -0.4 (p<0.05) 

Joinpoint analyses. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

Improvement in 
diagnostic 
techniques and 
changes in coding 
and classification 
practices may affect 
incidence trends for 
specific histological 
subgroups. 

(Kohler et al., 
2011) 

USA 2005ï2009 

All ages 

Brain 
tumours 

Incidence rates 
from CBTRUS 
(includes also 
SEER) 

No significant changes in 
the incidence of all primary 
malignant or benign brain 
and central nervous system 
(CNS) tumours 

Annual incidence rate, 
malignant: 

2005: 7.4/100 000 

2009: 7.1/100 000 

Annual incidence rate, 
benign: 

2005: 12.7/100 000 

2009: 13.8/100 000 

Latency period over 
10 years. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Dolecek et al., 
2012) 

Israel 1980ï2009 Glioma Incidence rates 
from the Israeli  
national cancer 
registry 

Information 
about tumour 
laterality 1980-
2008 

Low grade glioma 
decreased significantly 
both among men and 
women, sharpest decrease 
during 1994ï2009 

High-grade glioma 
increased slightly over the 
whole time period, but the 
increase levelled off during 
the latter part of the period 

Incidence rate, all glioma 
combined: 

Men: 

1990ï1994: 6.86/100 000 

2004ï2009: 7.21/100 000 

Women: 

1990ï1994: 5.07/100 000 

2004ï2009: 5.1/100 000 

Tumour laterality: 

1980ï1989: right side 
tumours more common 

2000-2008: left side 
tumours more common 

Tumour laterality 
missing for 1/3 of 
tumours. 

Mobile phone 
penetration: 2% in 
1994, 29% in 1997, 
67% in 2000, 100% 
in 2003. 

Survey showed 70% 
mobile phone use on 
right side. 

Latency period over 
10 years. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 
Information about 
tumour laterality a 
strength. 

(Barchana, 
Margaliot & 
Liphshitz, 2012) 
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 2806 

Children and adolescents 2807 

Ward and colleagues (Ward et al., 2014) reported childhood cancer incidence rate trend analyses in 2808 

the US based on data from the SEER 9 registries during the period 1975ï2010. No significantly increasing trend 2809 

was found in the incidence rate of brain and central nervous system tumours in children and adolescents aged 0ï2810 

19 years, confirming earlier observations made by Inskip et al., with follow-up through 2006 (Inskip, Hoover & 2811 

Devesa, 2010), and Kohler et al. with follow-up through 2007 (Kohler et al., 2011).  2812 

UK 1998ï2007 

All ages, 
age specific 
analyses 

Malignant 
brain 
cancer 

Incidence rates 
from  the UK 
Office of 
National 
Statistics 

No statistically significant 
change in brain cancer 
incidence was found, either 
for men or women, or in 
different age groups. 

A slight increase in the 
incidence of tumours in the 
temporal and frontal lobes, 
and a decrease in the 
incidence of tumours in 
overlapping lesions of the 
brain, parietal lobe, 
cerebrum, and cerebellum. 

Latency period up to 
10 years. 

A shift in incidence 
between tumour 
locations may reflect 
improvements in 
diagnostic methods 
used, e.g. increased 
access to MRI 
(indicated by the 
decrease in 
overlapping 
tumours). 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(de Vocht, 
Burstyn & 
Cherrie, 2011) 

Australia, 
New South 
Wales and 
the 
Australian 
Capital 
Territory 

2000ï2008 

All ages, 
age specific 
analyses 

Malignant 
brain 
tumours 

Retrospectively 
collected data 
through 
pathology 
databases 
serving 
neurosurgical 
centres in 
these areas. 
Only 
histologically 
confirmed 
cases. 

Annual % change: 

2.3 among both men and 
women (statistically 
significant) 

Joinpoint analyses. 

Increased incidence 
largely due to an 
increase in the 
oldest age group 
(Ó65 years). 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Dobes et al., 
2011) 

Australia, 
New South 
Wales 

2000ï2009 

All ages 

Brain 
cancer 

Incidence rates 
from the New 
South Wales 
population 
based cancer 
registry 

Annual % change: 

Men: -0.5 (not significant) 

Women: -0.4 (not 
significant) 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Currow & 
Thomson, 
2014) 

China, 
Shanghai 

1983ï2007 Brain and 
nervous 
system 
tumours 

Incidence rates 
from the 
Shanghai 
cancer registry 

Annual % change (95% 
CI): 

Men: 1.2 (0.4, 1.9) 

Women: 2.8 (2.1, 3.4) 

Joinpoint analyses. 

Incidence increased 
gradually over the 
whole study period, 
no significant 
change after 
introduction of 
mobile phones. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Ding & Wang, 
2011) 

Japan, 
Osaka 

1975ï2004 

All ages 

Intracrani
al 
tumours 

Incidence rates 
from the Osaka 
cancer registry 

Annual % change (95% 
CI): 

Malignant tumours 

1975-1986: 3.5 (1.8, 5.3) 

1986-2004: -1.4 (-2.2, -0.6) 

Joinpoint analyses. 

No evidence of an 
impact of mobile 
phone use on glioma 
incidence. 

(Nomura, Ioka 
& Tsukuma, 
2011) 

11 countries 1990ï2006 Central 
nervous 
system 
cancer 

Mortality rates 
from the WHO 
database 

Mortality rates were stable 
or decreasing in all 
countries except in Russia 
and for women in Spain. 

Mortality rates are 
affected by changes 
both in incidence 
and survival. 

(Saika & 
Katanoda, 
2011) 
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McKean-Cowdin and co-workers (McKean-Cowdin et al., 2013) studied the incidence rates of 2813 

malignant childhood (0ï14 years) brain tumours in the US 1973 through 2009, using data from nine SEER 2814 

registries, and presented more detailed data than Ward et al. described above. Trends were analysed using 2815 

joinpoint regression. The incidence rate was quite stable from 1973ï1982, increased significantly between 1983 2816 

and 1986, and was again stable during 1987 through 2009 (annual percent change 0.10; 95 % CI -0.39 to 0.61 for 2817 

the latter period). 2818 

Aydin and colleagues (Aydin et al., 2011) presented age and sex standardized brain tumour incidence 2819 

rates in Sweden for children and adolescents aged 5ï19 years during the period 1990 through 2008, and 2820 

estimated projected incidence rates under the assumption of increased risks associated with mobile phone use 2821 

(OR 1.36 and 2.15, as was observed in some analyses in the case-control study described in section 12.1.2.1). 2822 

While the observed incidence rate was stable and even declined slightly during the study period, the projected 2823 

incidence rates showed a slight increase under the assumption of an increased risk by 1.36, and considerably 2824 

increased projected incidence rates during the latter part of the study period assuming an OR of 2.15. In a 2825 

separate publication, Aydin and colleagues presented age-adjusted brain and central nervous system tumour 2826 

incidence rates for children and adolescents aged 5ï19 years in the Nordic countries from 1990ï2009, based on 2827 

data from NORDCAN (Aydin et al., 2012). During the study period, incidence rates were stable for both boys 2828 

and girls. They also estimated the proportion of regular mobile phone users in these countries, which reached 2829 

40% in the beginning of the 2000s.  2830 

Rosychuk and co-workers (Rosychuk et al., 2012) describe childhood central nervous system 2831 

incidence trends in Alberta, Canada, during the period 1982 to the beginning of 2004, including children and 2832 

adolescents <20 years. Data was collected from the population based Alberta Cancer Registry, to which 2833 

registration of new cases is mandatory. The incidence rates increased over time, from 2.1/100 000 in 1983/1984 2834 

(95% CI 1.3-3.4) to 4.3/100 000 in 2003/2004 (95% CI 3.1ï5.9). The increase occurred as a gradually increasing 2835 

trend over the whole study period. [The time period of follow-up is likely too short for any potential effect of 2836 

mobile phone use to appear.] 2837 

The study of brain cancer incidence time trends in England between 1998 and 2007, discussed above, 2838 

reported age-specific results, including incidence trends for children 0-9 years and adolescents 10ï20 years (de 2839 

Vocht, Burstyn & Cherrie, 2011). No increase in the brain cancer incidence was observed. 2840 

The study of brain tumour incidence 2000ï2008 in parts of Australia, New South Wales and the 2841 

Australian Capital Territory, discussed above, also reported results for the age group 0-19 years (Dobes et al., 2842 

2011), with no evidence of an increasing incidence trend in age group. 2843 

The study of incidence rates of intracranial tumours in Osaka between 1975 and 2004, discussed 2844 

above (Nomura, Ioka & Tsukuma, 2011), found no increase of the incidence of primary intracranial tumours in 2845 

the age group 0-19 years. 2846 

Table 12.1.20. Incidence studies ï brain tumours in children and adolescents 

Country/ 

location 

 

Time 
period 

Age range 

Outcome Cancer 
incidence 
data 

Cancer trend Comments Reference 

USA 1975ï2010 

0ï19 year 

Brain and 
central 
nervous 
system 
tumours 

Incidence 
rates from 
SEER 

No significantly 
increasing trend in the 
incidence rate of brain 
and central nervous 
system tumours. 

Joinpoint analyses. (Ward et al., 
2014) 

USA 1973ï2009 

0ï14 year 

Primary 
malignant 
brain 
tumours 

Incidence 
rates from 
SEER 

Stable incidence rate 
1973ï1982, significant 
increase 1983ï1986, 
stable 1987ï2009  

Annual % change 
(95% CI) 1987ï2009: 
0.10 (-0.39, 0.61) 

Joinpoint analyses. McKean-
Cowdin et al., 
2013) 

USA 1992ï2007 

0ï19 year 

Brain 
cancer 

Incidence 
rates from 
SEER 

Annual % change 
(95% CI): 

-0.26 (-0.91, 0.40) 

APCs were calculated 
using weighted least 
squares method. 

(Kohler et al., 
2011) 



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

114 

 2847 

12.1.5.2 Acoustic neuroma 2848 

Few incidence trend studies have been conducted on acoustic neuroma, which is a benign and usually 2849 

slow growing tumour. In many countries, registration of benign tumours like acoustic neuroma is not mandatory, 2850 

which may affect completeness of registration, and many cancer registers do not record acoustic neuroma at all. 2851 

In addition, the first treatment option is often ñwait and observeò, as many acoustic neuromas do not grow at all 2852 

after discovery, and more invasive treatments may have unwanted side effects. Therefore, a large proportion of 2853 

acoustic neuroma tumours are not histologically confirmed, but can be unequivocally diagnosed through CT or 2854 

MRI scanning. Without histological confirmation, however, identification of cases through pathology reports are 2855 

not possible, which may lead to underreporting of cases to cancer registers. Increased availability of advanced 2856 

diagnostic techniques like CT and MRI is likely to lead to a higher detection rate, as small asymptomatic 2857 

tumours may previously to a greater extent have remained undetected. Furthermore, coding and classification of 2858 

USA 1977ï2006 

0ï19 year 

Brain 
cancer 

Incidence 
rates from 
SEER 

Annual % change 
(95% CI): 

1977ï1991: 1.93 
(0.57, 3.31) 

1992ï2006: -0.42 (-
1.84, 1.02) 

The three US studies 
overlap, but present 
different analyses and 
time periods. 

No evidence of an impact 
of mobile phone use on 
brain tumour incidence 
from any of the three US 
incidence studies. 

(Inskip, Hoover 
& Devesa, 
2010) 

Denmark 

Finland 

Norway 

Sweden 

1990ï2008 

(Sweden) 

1990-2009 

(all four 
countries) 

5ï19 year 

Brain 
tumours 

Incidence 
rates from 
Nordic 
national 
cancer 
registries 

NORDCAN 

Sweden: 

Based on assumption 
RR=1.36 projected 
rates showed slight 
increase, and 
RR=2.15 considerable 
increase, while 
observed incidence 
was stable or 
declining. 

Four Nordic countries: 

Stable incidence rates 
for both boys and girls. 

Age-standardized 
incidence rates. 

Nordic countries among 
the earliest to adopt 
mobile phone technology 
in the general population. 

Latency period up to 15 
years. 

No evidence of an impact 
of mobile phone use on 
brain tumour incidence. 

(Aydin et al., 
2011; Aydin et 
al., 2012) 

Canada, 

Alberta 

1982ï
beginning of 
2004 

0ï19 year 

Central 
nervous 
system 
tumours 

Incidence 
rates from 
Alberta 
cancer 
registry 

Incidence rates 
increased over time, 
from 2.1/100 000 in 
1983/1984 (95% CI 
1.3-3.4) to 4.3/100 000 
in 2003/2004 (95% CI 
3.1ï5.9). 

The increase occurred as 
a gradually increasing 
trend over the whole 
study period. 

Time period of follow-up is 
likely too short for any 
potential effect of mobile 
phone use to appear. 

(Rosychuk et 
al., 2012) 

UK 1998ï2007 

<10 year 

10ï20 year 

Malignant 
brain 
cancer 

Incidence rates 
from  the UK 
Office of 
National 
Statistics 

No statistically 
significant change in 
brain cancer 
incidence was found. 

 

Latency period up to 10 
years. 

No evidence of an impact 
of mobile phone use on 
glioma incidence. 

(de Vocht, 
Burstyn & 
Cherrie, 2011) 

Australia, 
New South 
Wales and 
the 
Australian 
Capital 
Territory 

2000ï2008 

0-19 year 

Malignant 
brain 
tumours 

Retrospectively 
collected data 
through 
pathology 
databases 
serving 
neurosurgical 
centres in these 
areas. Only 
histologically 
confirmed 
cases. 

No increase in the 
incidence in this age 
group. 

Joinpoint analyses. 

No evidence of an impact 
of mobile phone use on 
glioma incidence. 

(Dobes et al., 
2011) 

Japan, 
Osaka 

1975ï2004 

0-19 year 

Intracrani
al 
tumours 

Incidence rates 
from the Osaka 
cancer registry 

Annual % change 
(95% CI): 

1975-2004: -0.2 (-0.9, 
0.6) 

Joinpoint analyses. 

No evidence of an impact 
of mobile phone use. 

(Nomura, Ioka 
& Tsukuma, 
2011) 
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acoustic neuroma in the WHO International classification of diseases (ICD) has changed, which may also affect 2859 

reporting of this tumour. Thus, changes in acoustic neuroma incidence rates may not only reflect true changes of 2860 

the incidence but may also occur as a result of changes in detection, registration and reporting practices, and are 2861 

less reliable than observed changes in incidence rates for malignant brain tumours. 2862 

Larjavaara and co-workers (Larjavaara et al., 2011a) studied the incidence of acoustic neuroma in the 2863 

Nordic countries between 1987 and 2007, using data from the national cancer registers. In the Nordic countries, 2864 

it is mandatory by law to report new cases of both malignant and benign nervous system tumours to the cancer 2865 

registers. Over the whole time period, an annual increase in the incidence rate of 3% was observed, but varied 2866 

over time, and between countries. The incidence rate increased slightly between 1987 and the late 1990s, and 2867 

stabilized or even decreased from the beginning of the 2000s. [The observed trend in the incidence rate for 2868 

acoustic neuroma is not compatible with the increased risk estimates associated with mobile phone use that have 2869 

been reported in a few case-control studies. If risk would appear only after a very long induction period, or in a 2870 

small subgroup, this would not have been detectable in the incidence trends.] 2871 

Stangerup and colleagues (Stangerup et al., 2010) studied the incidence of acoustic neuroma in 2872 

Denmark 1976ï2008. This study covered all the Danish data on annual incidence rates included in the study by 2873 

Larjavaara et al. described above, and extended the calendar time with one year, but included also information 2874 

about tumour size and degree of hearing loss at diagnosis. The incidence pattern described is the same as in 2875 

Larjavaara et al., i.e. it shows a gradual increase from the start of the study period until the early 2000s, with the 2876 

peak incidence rate in 2004, and thereafter a decreasing trend. Over the study period, the average size of the 2877 

tumours decreased considerably, and hearing became less impaired at the time of diagnosis, indicating an earlier 2878 

detection of tumours over time. They also observed that age at diagnosis increased over the study period. 2879 

Benson and colleagues (Benson et al., 2013a) reported annual incidence rates for acoustic neuroma for 2880 

men and women 20ï79 years old, based on national incidence data in England between 1998 and 2008. No 2881 

increased incidence of acoustic neuroma was observed for either men or women. 2882 

Table 12.1.21. Incidence studies ï acoustic neuroma 

Country/ 

location 

 

Time period 

Age range 

Outcome Cancer 
incidence 
data 

Cancer trend Comments Reference 

Denmark 

Finland 

Norway 

Sweden 

1987ï2007 

All ages 

Acoustic 
neuroma 

Incidence 
rates from 
Nordic 
national 
cancer 
registries 

The incidence rate 
increased slightly 
between 1987 and the 
late 1990s, and stabilized 
or even decreased from 
the beginning of the 
2000s 

Over whole study period, 
annual increase 3% 

Variation between 
countries 

Age-standardized 
incidence rates. 

Nordic countries among 
the earliest to adopt 
mobile phone technology 
in the general population. 

Latency period over 10 
years. 

No evidence of an impact 
of mobile phone use on 
acoustic neuroma 
incidence. 

(Larjavaara 
et al., 2011a) 

Denmark 1976ï2008 

All ages 

Acoustic 
neuroma 

Tumour 
size and 
degree of 
hearing 
loss at 
diagnosis 

Incidence 
rates from 
Danish cancer 
registry 

Gradual increase from 
1976 until the early 
2000s, with the peak 
incidence rate in 2004, 
and thereafter a 
decreasing trend. 

Average size of the 
tumours decreased 
considerably over the 
study period, and hearing 
became less impaired. 

High quality cancer 
registration. 

Latency period up to 15 
years. 

No evidence of an impact 
of mobile phone use on 
acoustic neuroma 
incidence. 

Indication of earlier 
detection (smaller 
tumours, less hearing 
impairment). 

(Stangerup 
et al., 2010) 

UK, England 1998ï2008 

20ï79 year 

Acoustic 
neuroma 

National 
incidence data 
in England 

No increase in the 
incidence, either among 
men or women. 

No evidence of an impact 
of mobile phone use on 
glioma or meningioma 
incidence. 

(Benson et 
al., 2013a) 
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 2883 

12.1.5.3 Parotid gland tumours and eye tumours 2884 

Shu and colleagues (Shu, Ahlbom & Feychting, 2012) studied trends in the age standardized incidence 2885 

rate of salivary gland tumours among adults (Ó20 years) in the Nordic countries and of malignant parotid gland 2886 

tumours in Sweden during the period 1970ï2009. No significant changes were observed in the salivary gland 2887 

tumour incidence rate overall (annual percent change -0.10% (95% CI -0.38 to 0.18) in men and -0.19% (95% CI 2888 

-0.53 to 0.13) in women), or in the incidence rate of parotid gland tumours specifically (incidence rate in men 2889 

0.9/100 000 in 1970 and 0.8/100 000 in 2009, in women the incidence rate was 0.7/100 000 in both 1970 and 2890 

2009).  2891 

De Vocht and colleagues (de Vocht, 2011) studied the annual incidence rate of parotid gland tumours 2892 

in England from 1986ï2008, based on data from the UK Office of National Statistics. The annual age 2893 

standardized incidence rate increased from 0.5 to 0.8/100 000 in men (test for trend p<0.01) and from 0.4 to 0.6 2894 

per 100 000 in women (p<0.01) over the study period. The increase in the incidence rate started before the 2895 

introduction of mobile phones, and did not exhibit a marked shift at any time after mobile phone use had become 2896 

prevalent in the population. [The UK incidence rate in 2008 had reached about the same level as the incidence 2897 

rate in Sweden had been since the 1970s.] 2898 

Studies with uncertainties related to inclusion criteria 2899 

The study by Czerninski et al. is not included in the evaluation because the trend during 1970ï2006 2900 

was presented only as the number of cases of salivary gland cancer per year, without taking into consideration 2901 

population size, or age and sex distribution (Czerninski, Zini & Sgan-Cohen, 2011). This prevents any 2902 

comparisons over time, as the Israeli population size has increased considerably, and most industrialized 2903 

populations are aging. The annual incidence of salivary gland cancer was 0.8/100 000, of which approximately 2904 

60% were parotid gland cancer. A 4-fold increase in the number of parotid gland cancer cases per year between 2905 

1970 and 2006 was reported. It is unclear, however, how the age and sex adjusted rate per 100 000 persons has 2906 

changed over time. [The reported incidence rate is considerably lower than in the UK and the Nordic countries.] 2907 

Two incidence studies of ocular melanoma have been conducted, but they cover only a short time 2908 

period after the introduction of handheld mobile phones. A Danish study covered 1943ï1996 (Johansen et al., 2909 

2002), and a US study 1974ï1998 (Inskip, Devesa & Fraumeni, 2003). None of the studies found evidence of 2910 

changes in the incidence of ocular melanoma after the introduction of mobile phones. [The studied time periods 2911 

were too early to provide data of relevance for evaluation of an effect of mobile phone use on the incidence of 2912 

ocular melanoma.] 2913 

Table 12.1.22. Incidence studies ï parotid gland tumours 

Country/ 

location 

 

Time period 

Age range 

Outcome Cancer 
incidence 
data 

Cancer trend Comments Reference 

Denmark 

Finland 

Norway 

Sweden 

1970ï2009 

Ó20 year 

Salivary 
gland 
tumours 

Parotid 
gland 
tumours 
(only 
Sweden) 

Incidence 
rates from 
Nordic 
national 
cancer 
registries 
through 
NORDCAN 

Swedish 
cancer registry 

Salivary gland 

Annual % change (95% CI): 

Men: -0.10 (-0.38, 0.18) 

Women: -0.19 (-0.53, 0.13) 

Parotid gland 

Incidence rate, men: 

1970: 0.9/100 000 

2009: 0.8/100 000 

Incidence rate women: 

1970: 0.7/100 000 

2009: 0.7/100 000 

Age-standardized 
incidence rates. 

Nordic countries among 
the earliest to adopt 
mobile phone technology 
in the general population. 

Latency period up to 15 
years. 

No evidence of an 
impact of mobile phone 
use on brain tumour 
incidence. 

(Shu, 
Ahlbom & 
Feychting, 
2012) 
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 2914 

12.2 Animal studies 2915 

Animal studies investigating the carcinogenic potential of RF radiation were reviewed by WHO 2916 

(1993b). At that time there was only a limited number of studies available. WHO concluded that there was no 2917 

definite evidence that RF exposure has an effect on carcinogenesis, but that there clearly was a need for further 2918 

studies. Many of such studies haven been performed since then. In order to get a complete picture, also the 2919 

papers published before 1992 that were described in WHO (1993b) are discussed in this review. 2920 

The present search resulted in 300 papers, of which 237 were not fulfilling the specifications. Of the 2921 

resulting 63 papers, 4 were in a language that could not be understood, 7 were comments to other papers or 2922 

otherwise not relevant, and 3 papers could not be obtained. One paper was retrieved by another search. That left 2923 

50 papers to be discussed. 2924 

Evaluating carcinogenicity in laboratory rodents has remained a cornerstone in identifying agents 2925 

likely to cause cancer in humans. According to IARC, agents for which there is sufficient evidence of 2926 

carcinogenicity in experimental animals are considered to pose carcinogenic hazard to humans, unless there is 2927 

scientific evidence that the agent causes cancer through a species-specific mechanism that does not operate in 2928 

humans (IARC, 2011). However, despite the similarities in many cancer characteristics between humans and 2929 

laboratory rodents, interspecies differences need to be taken into account when extrapolating data from rodents 2930 

to humans: many agents that are carcinogenic in rodents (often only at very high doses) are not carcinogenic to 2931 

humans, and some human carcinogens do not affect rodents (Ames & Gold, 1990; Anisimov, Ukraintseva & 2932 

Yashin, 2005; Trosko & Upham, 2005) 2933 

 The effects of stress resulting from restraint and related daily handling has been seen in many animal 2934 

cancer studies as a lower body weight among the sham-exposed (restrained) animals than among the cage-2935 

control (unrestrained) animals (see for instance (Heikkinen et al., 2003; Oberto et al., 2007; Shirai et al., 2007; 2936 

Smith et al., 2007; Yu et al., 2006; Zook & Simmens, 2006). In many of these studies, tumour incidence has also 2937 

been lower and survival higher in the sham-exposed (restrained) group than in the cage-control (unrestrained) 2938 

group, which may be related to the observations that reduced energy intake inhibits the development of tumours 2939 

(Keenan et al., 1996; Klurfeld et al., 1991; Sinha, Gebhard & Pazik, 1988). Immobilization has not caused 2940 

experimental bias in studies assessing carcinogenicity of RF radiation, as both the RF exposed and the sham-2941 

exposed animals have been restrained, but it can be argued that stress could act as an effect modifier and obscure 2942 

possible RF-induced effects. However, there is no evidence of such modifying effects: many of the studies 2943 

reviewed below have used freely moving animals, and the majority of studies have produced negative findings 2944 

independent of the handling (restrained or unrestrained) of the animals. 2945 

Classical carcinogenicity bioassays involve exposure of animals over most of their lifetime to the 2946 

agent being tested. Such studies are potentially capable of revealing whether the tested agent alone could act as a 2947 

complete carcinogen or serve to increase the incidence of spontaneous tumours. This type of studies are, 2948 

however, not sensitive in detecting weak carcinogenic effects (because of the low number of tumours induced) 2949 

and co-carcinogenic effects (interaction with other carcinogens). To overcome these limitations, several studies 2950 

have used tumour-prone animal strains or combined exposure to RF radiation and known carcinogens. The 2951 

animal studies are classified here as studies with exposure to RF field alone (Table 12.2.1), including studies 2952 

using tumour-prone animals strains (Table 12.2.2); studies using exposure to RF radiation combined with a 2953 

known genotoxic/carcinogenic agent (Table 12.2.3); and studies evaluating effects of RF radiation on implanted 2954 

or injected tumour cells (Table 12.2.4).   2955 

England 1986ï2008 Parotid 
gland 

Incidence 
rates from the 
UK Office of 
National 
Statistics 

Significantly increased  
incidence rates, from 0.5 to 
0.8/100 000 in men and 0.4 
to 0.6 per 100 000 in 
women  

Age-standardized 
incidence rates. 

The increase started 
before the introduction of 
mobile phones. 

Incidence rate in 2008 
similar to Swedish 
incidence rate from 1970 
onwards. 

(de Vocht, 
2011) 
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12.2.1. RF radiation alone 2956 

12.2.1.1. Conventional laboratory animal strains 2957 

Lymphoma 2958 

Utteridge et al. (2002) performed a study that was planned as a replication experiment of an earlier 2959 

study (Repacholi et al., 1997) reporting enhanced development of lymphoma in Eµ-Pim1 transgenic mice 2960 

exposed to RF radiation (see below). In addition to transgenic animals, Utteridge and colleagues used also 2961 

corresponding wildtype C57BL/6Ntac mice. In contrast to the Repacholi study where the animals were free 2962 

roaming, in this study they were restrained during the exposures, which allowed for more accurate dosimetry. 2963 

Groups of 120 animals were whole-body exposed to 898 MHz GSM signals for 1 h per day, 5 days per week, 2964 

during 104 weeks at four SAR levels ranging from 0.25 to 4 W/kg. Animals that died during this period and all 2965 

those that survived until the end of the exposure period were examined histopathologically. There were only a 2966 

few lymphoblastic leukaemias in the wild-type animals, which precluded a meaningful analysis. For non-2967 

lymphoblastic leukaemias there were no statistically significant differences between the sham and RF-exposed 2968 

animals. 2969 

Heamatological tumours 2970 

Jin et al. (2012a) assessed in Sprague Dawley rats the effect of simultaneous exposure to two types of 2971 

RF fields, an 849 MHz code division multiple access (CDMA), and an 1900 MHz wideband code division 2972 

multiple access (WCDMA) signal, each at an SAR of 2 W/kg, so the combined SAR was 4 W/kg. The animals 2973 

were exposed for 45 min per day, 5 days per week up to 8 weeks. The main thrust of the study was on effects on 2974 

the immune system of rats (discussed in Section 10.3), but histopathological changes in the spleen were also 2975 

assessed evaluated. No tumours were observed in the spleen. 2976 

Skin tumours 2977 

Sanchez et al. (2006a) exposed the skin of hairless IFFA Creda rats to 900 MHz and 1800 MHz GSM 2978 

signals for 2 h per day, 5 days per week and 12 weeks. The SAR was either 2.5 or 5 W/kg, and the animals were 2979 

restrained during exposure. After the last exposure skin biopsies were taken and the histology of the skin 2980 

investigated. No differences were observed between RF-exposed and sham-exposed animals. [The number of 8 2981 

animals per group in this study was rather small.] 2982 

In an experiment that was primarily aimed at studying the effect of RF exposure on chemically-2983 

induced skin cancer (see section 12.2.2), Paulraj and Behari (2011) exposed  male Swiss mice to either 112 MHz 2984 

EMF, amplitude modulated at 16 Hz, at an SAR of 0.75 W/kg, or to 2.54 GHz at an SAR of 0.1 W/kg without 2985 

the chemical induction. Neither type of exposure resulted in any effect on skin tumours. [The number of animals 2986 

in this study is not clear: the authors use an unspecified óeffectiveô number of animals in their analysis.] 2987 

Central nervous system tumours 2988 

Using a so-called ócarouselô exposure set-up for well-defined RF exposure levels in the brain, five 2989 

studies failed to find evidence of enhanced development of brain tumors in RF field-exposed rats (Adey et al., 2990 

1999; Adey et al., 2000; Anderson et al., 2004; La Regina et al., 2003; Zook & Simmens, 2001) at average SARs 2991 

in the brain up to about 1.5 W/kg. In the carousel set-up, the rats are restrained head first in cylindrical tubes 2992 

arranged in a radial configuration with the RF antenna at the centre of the carousel, where the head is 2993 

preferentially irradiated. The SAR in other body parts is much lower, and the ratio of brain average SAR to 2994 

whole body average SAR may be up to 10:1 at mobile phone frequencies (Schönborn, Pokovic & Kuster, 2004). 2995 

The animals, in groups ranging from 56 to 100 per study, were exposed for most of their lifetime, and three of 2996 

the studies also included in utero exposures (Adey et al., 1999; Adey et al., 2000; Anderson et al., 2004). There 2997 

was a non-significant (p>0.05) decreased CNS glial tumour development in the group exposed to NADC-2998 

modulated RF fields (Adey et al., 1999). [The unexpectedly high incidence of spontaneous CNS tumours in the 2999 

sham exposed group suggests that this difference might be a consequence of chance.] No other effects on brain 3000 

tumours were observed in any of the studies. The studies that involved histopathological evaluation of other 3001 

organs also provided no evidence of enhanced development of tumours in other tissues, exposed at considerably 3002 

lower SAR values than the brain (Anderson et al., 2004; La Regina et al., 2003; Zook & Simmens, 2001). 3003 
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Multiple tumours 3004 

The combined incidence of malignant tumours (all tumour types combined) was statistically 3005 

significantly increased (p<0.008) in male Sprague-Dawley rats exposed to radar-type pulsed 2.45 GHz RF fields 3006 

for 21.5 h per day during 25 months (100 animals per group) (Chou et al., 1992). The whole-body average SARs 3007 

varied from 0.15 to 0.4 W/kg depending on the size of the animals. The organ-specific tumour incidences were 3008 

low (except those in some endocrine organs). The incidence of any single type of primary malignant or benign 3009 

neoplasm, the combined incidence of benign neoplasms, or survival were not statistically significantly affected. 3010 

Overall, the study did not show any definite biologically significant effects. The incidence of benign 3011 

pheochromocytoma was reported to be higher in RF-exposed rats, but the difference did not reach statistical 3012 

significance.  3013 

Two studies evaluated carcinogenicity of both a GSM (Global System for Mobile Communication) 3014 

signal at 902 MHz and a DCS (Digital Personal Communications System) signal at 1747 MHz in B6C3F1 mice 3015 

(Tillmann et al., 2007) and in Wistar rats (Smith et al., 2007). Three exposure levels from 0.4 to 4 W/kg (and 3016 

sham exposure) were used. In the mouse study (Tillmann et al., 2007), using groups of 130 animals, no 3017 

significant increase in the incidence of any particular tumour type in the RF-exposed groups was observed. 3018 

Interestingly, in both studies and with both RF signals the incidence of liver adenomas in males decreased with 3019 

increasing exposure level, with a statistically significant difference (p<0.05) between the highest exposure and 3020 

the sham-exposed group. However, comparison to published tumour rates in untreated mice revealed that the 3021 

observed tumour rates were within the range of historical control data. In conclusion, the studies produced no 3022 

evidence that exposure at whole-body SARs of up to 4.0 W/kg increased the incidence or severity of neoplastic 3023 

or non-neoplastic lesions, or resulted in any other adverse health effects. The rat study (Smith et al., 2007) was a 3024 

combined chronic toxicity and carcinogenicity study, and some of the animals (15 males and 15 females per 3025 

group) were killed at 52 weeks from the start of the study. There were no significant differences in the incidence, 3026 

multiplicity, latency or severity of neoplasms, or any other adverse responses to RF field exposure. 3027 

In a study using a mouse model of multi-organ tumour development (see below) Saran et al. (2007) 3028 

also exposed wild-type siblings to 900 MHz GSM-type radiation at an SAR of 0.4 W/kg for 30 min twice a day 3029 

for 5 days (starting on postnatal day 2). Brains, any visible tumours and preneoplastic skin lesions were 3030 

examined histopathologically. No statistically significant differences in survival and tumour incidence were 3031 

found between exposed and sham-exposed animals.  3032 

Studies not included in the analysis 3033 

Not many studies have been performed using frequencies higher than those used in mobile 3034 

telecommunication. Ivanov et al. (2005) studied the effects of long-term exposure to 37 GHz RF EMF in inbred 3035 

albino and C57Bl/6 mice, as a simulation of SHF (super high frequency) therapy in patients. The authors stated 3036 

that the animals were repeatedly exposed for 1 month, that the total exposure time was 3.5 h, and that the  3037 

exposure level was <10 mW/cm
2 

(100 W/m
2
). Under these conditions they observed a decreased survival in 3038 

C57Bl/6 adults and offspring, and increased tumour formation in albino adults and offspring. [This study suffers 3039 

from a number of inadequacies. Many experimental details, such as the age and number of animals and the exact 3040 

exposure level are missing. Moreover, the authors state that part of the animals had been óspecially irradiatedô 3041 

and part had been exposed to SHF EMF in previous, unspecified, experiments. Therefore the results of this study 3042 

cannot be interpreted.] 3043 

Table 12.2.1. Studies on carcinogenesis in non-tumour-prone rodents using RF alone. 

Animals, number 
per group, age at 
start 

Exposure: source, 
schedule, level, 
freely moving or 
restrained 

Response Comment  Reference 

Lymphoma 

Mouse: C57BL/6Ntac 
(n=120) 

4-6 weeks + 10 d 
acclimatization 

GSM 898 MHz 

1 h/d, 5 d/week, 104 
weeks 

WBA SAR 0.25, 1.0, 
2.0, 4.0 W/kg 

Restrained 

No effect. Results for 
lymphoma-prone 
mice in Table 12.2.2.  

Utteridge et al. 
(2002) 

 

Haematological tumours 
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Rat: Sprague 
Dawley(n=80) 

9 weeks 

849 MHz CDMA and 
1900 MHz WCDMA  

45 min/day, 5 
days/week, 8 weeks 

combined WBA SAR 
4 W/kg 

Free 

No effect.  (Jin et al., 2012a) 

Skin tumours 

Rat: hairless (n=8) 

5 weeks + 1 week 
acclimatization 

GSM 900 MHz, 1800 
MHz 

2 h/d, 5 d/week, 12 
weeks 

Skin SAR 2.5, 5 W/kg 

Restrained 

No effect  on skin 
histology. 

Small number of 
animals. 

Sanchez et al. 
(2006a) 

Mouse: Swiss albino, 
normal ( n=18) 

7-8 weeks 

Skin tumour 

112 MHz, 16 Hz AM; 
2.54 GHz 

2 h/d, 3 d/week, 16 
weeks 

112 MHz: WBA SAR 
0.75 W/kg; 2.54 GHz: 
WBA SAR 0.1 W/kg 

Free 

No effect on skin 
tumour. 

Small number of 
animals. Meaning of 
óeffectiveô number of 
animals not clear. 

Paulraj & Behari 
(2011) 

CNS tumours 

Rat: Fischer 344, 
(n=56, 60) 

Gestation d 15 + 3 d 
acclimatization 

NADC 835 MHz 

2 h/d, 7 d/week 
(prenatal), 4 d/week 
(postnatal), 2 years 

Brain SAR 0.33-0.53 
W/kg 

Free (prenatal), 
restrained (postnatal) 

Non-sigificant 
reduced incidence of  
tumours. 

See Table 12.2.3 for 
results regarding 
initiated tumours. 

Adey et al. (1999) 

Rat: Fischer 344, 
(n=90) 

Gestation d 15 + 3 d 
acclimatization 

FM 836 MHz 

2 h/d, 7 d/week 
(prenatal), 4 d/week 
(postnatal), 2 years 

Brain SAR 0.33-0.53 
W/kg 

Free (prenatal), 
restrained (postnatal) 

No effect on tumour 
incidence and 
survival. 

See Table 12.2.3 for 
results regarding 
initiated tumours. 

Adey et al. (2000 ) 

Rat: : Sprague 
Dawley, (n=60) 

Gestation d 15 

860 MHz pulsed, CW 
6 h/d, 5 d/week, 22 
months 

Brain SAR 1.0±0.2 
W/kg 

Restrained 

No effect on 
neurogenic or other 
tumours. 

See Table 12.2.3 for 
results regarding 
initiated tumours 

Zook & Simmens 
(2001) 

Rat: Fischer 344, 
(n=160) 

4 weeks + 2 weeks 
acclimatization 

CNS & other tumours 

FDMA 835 MHz, 
CDMA 847 MHz 

4 h/d, 5 d/week, 2 
years 

Brain SAR 1.3±0.5 
W/kg 

Restrained 

No effect of either 
type of signal on 
brain or other 
tumours. 

 La Regina et al. 
(2003) 
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Rat: Fischer 344, 
(n=180; control: 160) 

4 d before birth 

Brain and other 
tumours 

Iridium 1.6 GHz 

2 h/d, 7 d/week 
(perinatal); 2 h/d, 5 
d/week, 2 years 
(postnatal)  

Brain SAR: 0.16 
W/kg (perinatal); 
0.16, 1.6 W/kg 
(postnatal) 

Free 

No effect on survival,  
brain or other 
tumours. 

 Anderson et al. 
(2004) 

Multiple tumours 

Rat: Sprague 
Dawley, (n=100) 

3 weeks + 5 weeks 
acclimatization 

2450 MHz, pulsed 

21.5 h/d, 25 months 

WBA SAR 0.15-0.4 
W/kg 

Free 

No overall effect on 
tumour development; 
but more primary 
malignant tumours in 
exposed; no effect on 
benign tumours and 
overall survival. 

 Chou et al. (1992) 

Mouse: B6C3F1, 
(n=130) 

4-5 weeks + 4 weeks 
acclimatization 

GSM 902 MHz, DCS 
1747 MHz 

2 h/d, 5 d/week, 24 
months 

WBA SAR 0.4, 1.3, 
4.0 W/kg 

Restrained 

No effect of GSM, 
decreased number of 
tumours with DCS 
exposure. 

Tumour rates were 
within the range of 
historical control 
data. 

Tillmann et al. (2007) 

Rat: Wistar, (n=130) 

4-5 weeks + 2 weeks 
acclimatization 

GSM 900 MHz, DCS 
1800 MHz 

2 h/d, 5 d/week, 104 
weeks 

WBA SAR 0.44, 1.33, 
4.0 W/kg 

Restrained 

No effect on 
carcinogenesis and 
survival. 

 Smith et al. (2007) 

Mouse: Patched1 
wild type (n=50-63) 

2 d 

GSM 900 MHz 

2x0.5 h/d, 5 d 

WBA SAR 0.4 W/kg 

Restrained 

No effect on 
carcinogenesis and 
survival. 

Results for Patched1, 
transgenic, X-ray 
tumour prone mice in 
Table 12.2.2. 

Saran et al. (2007) 

Abbreviations: CDMA: Code Division Multiple Access; CW: continuous wave; DCS: Digital Communication Signal; 
FDMA: Frequency Division Multiple Access; FM: frequency modulation; GSM: Global System For Mobile 
Communication; NADC: North American Digital Cellular; WBA SAR: whole-body averaged SAR 

 3044 

12.2.1.2. Studies using genetically predisposed animal models 3045 

Animal strains developing tumours (in some organs) with particularly high frequency and/or early in 3046 

life are classified as ótumour-prone strainsô. These strains include animals engineered to be more vulnerable via 3047 

gene manipulation (transgenic animals), as well as strains with exceptionally high tumour incidence due to their 3048 

genetic background. The division between ótumour-proneô and óotherô strains is somewhat arbitrary, because 3049 

spontaneous tumour frequency varies greatly between different animal strains. The spontaneous incidence of 3050 

tumours in this kind of experimental models is important: if nearly all animals in the unexposed control group 3051 

develop tumours, there is not much room for an additional effect from RF field exposure. Note, however, that 3052 

accelerated development of tumours can be detected even if the final incidence is 100%, if the tumours are 3053 

externally observable during the experiment. This is the case for, e.g., skin tumours and mammary tumours. 3054 

Lymphoma 3055 

Transgenic Eµ-Pim1 mice overexpressing the Pim1 oncogene in their lymphoid cells are prone to 3056 

malignant lymphoma. In the first study with this model with exposure to RF EMF (Repacholi et al., 1997) Eµ-3057 

Pim1 mice were exposed for 2x30 min per day during 24 months to 900 MHz GSM-type fields at whole-body 3058 

SARs ranging from 0.13ï1.4 W/kg (if all possible animal orientations are included, the range was 0.008ï4.2 3059 

W/kg). The RF-exposed animals (n=101) had an increased lymphoma incidence compared to sham-exposed 3060 

controls (n=100), with an odds ratio of 2.4 (95% confidence interval: 1.3ï4.5). At the time the study was 3061 
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terminated, lymphoma incidence was increasing rapidly in both exposed and sham-exposed animals. The authors 3062 

emphasize that even if the observed effect were established, the relevance of the animal model for human cancer 3063 

risk assessment needs to be carefully considered. [Histopathology of lymphoma was only performed on animals 3064 

that died before the end of the experiment. The lymphoma incidence in surviving animals is unknown, and this is 3065 

thus also the case for the overall lymphoma incidence.] 3066 

The findings of the Repacholi et al. study were not confirmed in a replication study by Utteridge et al. 3067 

(2002), who used the same strain of mouse from the same supplier as the earlier study. The investigators also fed 3068 

the same food to the mice. The later study had some refinements in experimental design: four SAR levels (0.25, 3069 

1.0, 2.0 and 4.0 W/kg) were used instead of one in the original study; animals were restrained during the 3070 

exposure for better control of variations in exposure level; in the 104 weeks lasting study the animals were 3071 

exposed once per day during 5 days per week instead of in two episodes of 30 minutes per day, 7 days per week 3072 

as in the Repacholi study; and full necropsy was performed on all 120 mice per group at the end of the study. In 3073 

RF field-exposed animals enhanced development of lymphoma was not observed. The incidence of 3074 

lymphoblastic leukaemia was slightly lower in all RF-exposed groups compared to that of the sham-exposed 3075 

animals, and the difference was statistically significant (p=0.02) at the SAR of 0.25 W/kg. In contrast, the 3076 

incidence of non-lymphoblastic leukaemia was slightly higher in RF-exposed groups, but these differences were 3077 

not statistically significant either in pairwise comparisons or in a trend test. The incidence of lymphomas in the 3078 

RF-sham-exposed group was surprisingly high, and the publication stirred debate whether some critical features 3079 

of the original experiment had been changed (Goldstein et al., 2003a; b; Kundi, 2003a; b; Lerchl, 2003).  3080 

The study reported by Oberto et al. (2007) was also a replication and an extension of the Repacholi et 3081 

al. (1997) study. Eµ-Pim1 transgenic mice were exposed for 1 h per day, 7 days per week to pulsed 900 MHz 3082 

(pulse repetition rate 217 Hz, i.e. a GSM-type signal) RF radiation at whole-body SARs of 0.5, 1.4 or 4.0 W/kg. 3083 

50 animals per sex per group were exposed, sham-exposed or used as cage controls. There were several 3084 

methodological improvements compared to the original study by Repacholi et al. (1997), including use of several 3085 

exposure levels, well-defined dosimetry and more uniform exposure (achieved through restraint of the animals) 3086 

and necropsy and extensive histopathology of all animals. Compared to the sham-exposed controls, survival was 3087 

reduced in the animals exposed to RF radiation. The intergroup differences were statistically significant in the 3088 

male animals (p<0.05), but there was no trend with increasing exposure level (the lowest survival was found at 3089 

0.5 W/kg). In females, a decreased survival was only observed with an SAR of 0.5 W/kg (p<0.05). No increase 3090 

in lymphoma incidence was observed in any of the RF-exposed groups. Concerning other neoplastic findings, 3091 

Harderian gland adenomas were increased in male mice, with a significant dose-related trend (p<0.01). 3092 

However, this trend was not supported by the findings on female animals, in which no tumours in the highest 3093 

exposure groups were observed. [The statistical analysis used in this study can be criticized. The cage-control 3094 

and the sham-exposed control groups were combined for statistical comparisons, which is not a valid procedure 3095 

given the differences in body weight development and tumour incidence between these groups (these differences 3096 

are most likely related to restraint of the sham-exposed animals). However, based on the data reported in the 3097 

paper, a different analysis strategy (comparison to the sham-exposed group only) would not essentially change 3098 

the interpretation that there was no effect of RF radiation on tumour incidence at any site. The reduced survival 3099 

in RF field-exposed animals is not thoroughly discussed by the authors; this finding remains unexplained and 3100 

difficult to interpret without detailed information about the causes of death.] 3101 

Development of lymphoma in female AKR/J mice did not change with GSM-type RF exposure at a 3102 

nominal SAR of 0.4 W/kg applied continuously for 46 weeks (Sommer et al., 2004). The AKR/J strain is prone 3103 

to develop lymphoma due to expression of an AKV retrovirus in all of their tissues. About 90% of the 160 3104 

animals in both the sham-exposed and RF-exposed groups developed lymphoma by the end of the 10-month 3105 

study. Essentially all mortality was reported to be related to the development of lymphoblastic lymphoma, and 3106 

survival was not different between RF field and sham exposure. No effects of exposure were seen in differential 3107 

leukocyte counts of blood samples collected 5ï10 months after the beginning of RF exposure. [The nominal 3108 

SAR was 0.4 W/kg, but as in other studies using several freely moving animals per cage, the variation in 3109 

exposure level would undoubtedly have been large.] 3110 

In another study by the same group (Sommer et al., 2007), unrestrained AKR/J mice, 160 animals per 3111 

group, were chronically sham-exposed or exposed to a generic UMTS test signal for 24 h per day, 7 days per 3112 

week at a SAR of 0.4 W/kg. Additionally, 30 animals were kept as cage controls. The animals were checked 3113 

visually each day and were weighed and palpated weekly to detect swollen lymph nodes. Starting at the age of 6 3114 

months, blood samples were taken from the tail every 2 weeks to perform differential leukocyte counts and to 3115 

measure the hematocrit. Visibly diseased animals or those older than 43 weeks were killed and tissue slices were 3116 

examined for metastatic infiltrations and lymphoma type. Cage-control animals had a significantly lower growth 3117 
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rate than those kept in the radial waveguides. Incidence of lymphoma, survival time and the severity of the 3118 

disease indicated that there was no effect from exposure to RF radiation. Cage-control animals had significantly 3119 

lower body weights and higher occurrence of metastatic infiltrations in liver and meninges than the other groups. 3120 

This difference was most likely related to different housing conditions and stress level. 3121 

Lee et al. (2011a) used the same AKR/J mouse strain and exposed the animals simultaneously to two 3122 

mobile phone signals used in Korea: 848.5 MHz CDMA (GSM-like) and 1950 MHz WCDMA (UMTS-like). 3123 

Exposure of the unrestrained animals (40 per group) was for 45 min per day, 5 days per week during 42 weeks at 3124 

a whole-body SAR of 4.0 W/kg. The animals were examined weekly for the presence of a large spleen or large 3125 

lymph nodes and were killed when visibly ill. The surviving animals were killed at the end of the experiment at 3126 

48 weeks of age. Necropsy was performed on all mice. No difference in survival and lymphoma incidence was 3127 

observed between exposed and sham-exposed animals. 3128 

Mammary tumours 3129 

Although the study by Szmigielski et al. (1982) has been discussed in WHO (1993b) it will be 3130 

described here as well for completeness. The authors exposed groups of 40 female C3H/HEA mice, that have a 3131 

high spontaneous mammary cancer incidence, to 2450 MHz RF fields with a power density of 5 or 15 mW/cm
2
, 3132 

corresponding to whole-body SAR levels of 2ï3 and 6ï8 W/kg, respectively. They observed a dose-dependent 3133 

acceleration of mammary cancer development resulting in shortening of life time. The response to the lower RF 3134 

level was reported to be similar to that of confinement stress. [Whole-body exposure to the highest SAR level 3135 

can certainly result in heating of the animals, but also an SAR of 2 W/kg is already a significant systemic 3136 

challenge to a mouse with a metabolic rate of 4ï7 W/kg under thermal neutral conditions. An increased body 3137 

temperature can result in acceleration of tumour growth (Dickson, 1977; Wile, Nahabedian & Mason, 1983) 3138 

although not all tumours seem to respond similarly to moderate heating (Sen et al., 2011).] 3139 

Similarly to Szmigielski et al., Frei and co-workers used continuous 2.45 GHz RF radiation (Frei et 3140 

al., 1998a; Frei et al., 1998b). They exposed groups of 100 mammary tumour-prone C3H/HeJ mice for 20 hours 3141 

per day, 7 days per week for 18 months at SARs of 0.3 and 1.0 W/kg. No effect was observed of these exposures 3142 

on the number and rate of growth of the mammary tumours. 3143 

Two other studies used signals consisting of short pulses (Jauchem et al., 2001; Toler et al., 1997). 3144 

Toler et al. (1997) exposed C3H/HeJ mice to a 435 MHz pulsed radar signal for 22 hours per day, 7 days per 3145 

week and 21 months. The unrestrained animals (200 per group) were sham exposed or exposed at a whole-body 3146 

SAR of 0.32 W/kg. Jauchem et al. (2001) investigated in the same mouse strain the effects of an ultra-wideband 3147 

(UWB) pulsed RF signal. This type of signal is studied by the military for use against vulnerable military targets. 3148 

Free roaming animals were exposed for 2 min per week during 12 weeks (group size: 100 animals). The peak 3149 

power of the pulses was very high, 40 kV/m, but because of their short duration the overall whole-body SAR 3150 

was calculated to be only 0.0098 W/kg. In both studies, no differences between exposed and sham-exposed 3151 

groups were observed in mammary tumour incidence, nor were differences found in survival. 3152 

Although the four later studies (Frei et al., 1998a; Frei et al., 1998b; Jauchem et al., 2001; Toler et al., 3153 

1997) were designed specifically to examine mammary tumours, they included histopathological analyses of 3154 

other main tissues. Overall, RF field exposure did not affect the development of tumours or survival of the 3155 

animals. The only statistically significant differences in tumour incidence reported in these studies were a 3156 

smaller number (0 vs. 4) of alveolar-bronchiolar adenomas in RF field vs. sham-exposed animals (p=0.04) in one 3157 

study (Frei et al., 1998a), and an increased incidence of bilateral ovarian tumours (10 in exposed vs. 2 in sham-3158 

exposed animals; p=0.03)  in another study (Toler et al., 1997). The latter was, however, not accompanied with 3159 

increase in the number of mice developing an ovarian tumour. 3160 

Multiple tumours 3161 

Saran et al. (2007) used Patched1 heterozygous knockout mice, an animal model of multi-organ 3162 

tumour development in which exposure of newborn animals to ionizing radiation greatly enhances development 3163 

of brain tumours (medulloblastoma). Newborn Patched1 heterozygous mice and their wild-type siblings 3164 

(discussed above) were exposed to 900 MHz GSM-type radiation at an whole-body SAR of 0.4 W/kg for 30 min 3165 

twice a day for 5 days, starting on postnatal day 2 (50ï63 animals per group). Brains, any visible tumours and 3166 

preneoplastic skin lesions were examined histopathologically. No statistically significant differences in survival 3167 

were found between exposed and sham-exposed animals. Medulloblastomas (in 7 animals) and 3168 

rhabdomyosarcomas (in 56 animals) were found in the Patched1 mice but not in the wild-type animals. The 3169 
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incidence of rhabdomyosarcoma was higher (68%, 36 animals) in the exposed group than in the sham-exposed 3170 

group (51%, 20 animals), but this difference was not statistically significant. The incidences of 3171 

medulloblastomas, other (unspecified) tumours or preneoplastic skin lesions did not differ between the exposed 3172 

and sham-exposed groups. 3173 

Studies not included in the analysis. 3174 

Anghileri et al. (2005) exposed non-transgenic Ico:OFI(I.O.P.S. Caw) mice with a high lymphoma 3175 

incidence to a GSM 800 MHz field for 1 hour per week during 4 months. They observed a decreased survival 3176 

and more lymphomas in exposed compared to sham-exposed animals. In another publications of the same group 3177 

(Anghileri et al., 2006) the same data are provided and tumour induction by RF is compared to that by the ferric-3178 

ATP complex studied by this group as a promotor of carcinogenesis because of its induction of cellular calcium 3179 

ion influx. In a third study using the same experimental system, Anghileri et al. (2009) studied the effect of RF 3180 

exposure combined with calcium chloride, aluminium lactate or aluminium citrate administration. These 3181 

compounds affect the calcium homeostasis. They observed a decreased survival in animals exposed to the 3182 

combined treatments compared to RF alone.[Since in none of these publications exposure levels are provided, 3183 

these studies cannot be interpreted.] 3184 

Table 12.2.2. Studies on carcinogenesis in tumour-prone rodents using RF alone. 

Animals, number 
per group, age at 
start 

Exposure: source, 
schedule, level, 
freely moving or 
restrained 

Response Comment  Reference 

Lymphoma 

Mouse: Eµ-Pim1, 
transgenic 
lymphoma-prone 
(n=101; controls: 
n=100) 

4-6 weeks + 10 d 
acclimatization 

GSM 900 MHz 

2x30 min/d, 24 
months 

WBA SAR 0.008-4.2 
W/kg (indiv); 0.13-1.4 
W/kg (in cage) 

Free 

Higher risk in 
exposed, 
OR=2.4(1.3-4.5). 

Large variability in 
exposure, therefore 
difficult to interpret. 
Incomplete 
histopathology. 

Repacholi et al. 
(1997) 

Mouse: Eµ-Pim1, 
transgenic 
lymphoma-prone 
(n=120; cage control 
n=30) 

4-6 weeks + 10 d 
acclimatization 

GSM 898 MHz 

1 h/d, 5 d/week, 104 
weeks 

WBA SAR 0.25, 1.0, 
2.0, 4.0 W/kg 

Restrained 

Lower incidence of 
lymphoblastic 
leukaemia at 0.25 
W/kg. 
No effect on non-
lymphoblastic 
leukaemia. 

Despite small 
modifications in 
design, adequate 
replication of 
Repacholi study. 

See Table 12.2.1 for 
results for wildtype 
mice.  

Utteridge et al. 
(2002) 

Replication of 
Repacholi et al. 
(1997) 

Mouse: Eµ-Pim1, 
transgenic 
lymphoma-prone 
(n=100) 

6 week s+ 20 d 
acclimatization 

Multiple tumours  

GSM 900 MHz 

1 h/d, 7 d/week, 18 
months 

WBA SAR 0.5, 1.4, 
4.0 W/kg 

Restrained 

Decreased survival in 
males, no dose-
response; in females 
only with 0.5 W/kg. 
No effect on  
lymphomas and other 
tumours. 

Despite small 
modifications in 
design, adequate 
replication of 
Repacholi study. 

Sham and cage-
controls combined in 
analysis. 

Oberto et al. (2007) 

Replication of 
Repacholi et al. 
(1997) 

Mouse : AKR/J, 
normal, but with high  
lymphoma incidence 
(n=160) 

4-5 weeks 

GSM 900 MHz  

Continuous, 46 
weeks 

WBA SAR 0.4 W/kg 
± 40% 

Free 

No difference in 
lymphoma incidence, 
survival. 

 Sommer et al. (2004) 

Mouse: AKR/J, 
normal, but with high  
lymphoma incidence 
(n=160) 

8 weeks 

UMTS  

Continuous, 43 
weeks 

WBA SAR 0.4 W/kg 
± 40% 

Free 

No difference in 
lymphoma incidence, 
survival. 

 Sommer et al. (2007) 
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Mouse: AKR/J, 
normal, but with high 
lymphoma incidence 
(n=40) 

5 weeks 

CDMA, WCDMA 

45 min/d, 5 d/week, 
42 weeks 

WBA SAR 4.0 W/kg 

Free 

No difference in 
lymphoma incidence, 
survival. 

 Lee et al. (2011a) 

 

Mammary tumours 

Mouse: C3H/HeA, 
normal, but with high 
mammary cancer 
incidence (n=40) 

6 weeks 

2450 MHz 

2 h/d, 6 d/week, 10.5 
months 

WBA SAR 2-3, 6-8 
W/kg 

Free 

Acceleration of 
development of 
mammary cancer; 
effect chronic stress 
same as of 2-3 W/kg. 

Heat stress may 
have accelerated 
tumour growth. 

  

Szmigielski et al. 
(1982) 

Mouse: C3H/HeJ, 
normal, mammary 
tumour-prone 
(n=100) 

3-4 weeks + 10 d 
acclimatization 

2450 MHz 

20 h/d, 7 d/week, 18 
months 

WBA SAR 0.3 W/kg 

Free 

No effect on number 
and growth of 
tumours. 

 Frei et al. (1998a) 

Mouse: C3H/HeJ, 
normal, mammary 
tumour-prone 
(n=100) 

3-4 weeks + 10 d 
acclimatization 

2450 MHz 

20 h/d, 7 d/week, 78 
weeks 

WBA SAR 1.0 W/kg 

Free 

No effect on number 
and growth of 
tumours. 

 Frei et al. (1998b) 

Replication of Frei et 
al. (1998a) 

Mouse: C3H/HeJ, 
normal, mammary 
tumour-prone 
(n=200) 

3-4 weeks + 1 month 
acclimatization 

435 MHz pulsed 

22 h/d, 7 d/week, 21 
months 

WB SAR 0.32 W/kg 

Free 

No effect on number 
and growth of 
tumours. 

 Toler et al. (1997) 

Mouse: C3H/HeJ, 
normal, mammary 
tumour-prone 
(n=100) 

3-4 weeks + 10 d 
acclimatization 

UWB 

2 min/week, 12 
weeks 

40 kV m
-1

 peak; WBA 
SAR 0.0098 W/kg 

Free 

No effect on tumour 
incidence, survival. 

 Jauchem et al. 
(2001) 

Multiple tumours 

Mouse: Patched1, 
transgenic, X-ray 
tumour-prone (n=50-
63) 

2 d 

GSM 900 MHz 

2x0.5 h/d, 5 d 

WB SAR 0.4 W/kg 

Restrained 

No effect on survival 
and carcinogenesis. 

See Table 12.2.1 for 
results for wildtype 
mice. 

Saran et al. (2007) 

Abbreviations: CDMA: Code Division Multiple Access; GSM: Global System For Mobile Communication; UMTS: 
Universal Mobile Telecommunications Signal; UWB: Ultra Wide Band; WBA SAR: whole-body average SAR; 
WCDMA: Wideband Code Division Multiple Access 

 3185 

12.2.2. Combined RF and known genotoxic/carcinogenic agents 3186 

Both theoretical considerations (low photon energy) and experimental evidence indicate that direct 3187 

DNA-damaging effects of weak RF electromagnetic radiation are not likely. Therefore, there has been 3188 

considerable interest in testing RF radiation as a non-genotoxic carcinogen or a co-carcinogen that enhances the 3189 

effects of known carcinogenic agents. Methods for detecting non-genotoxic carcinogens and co-carcinogens are 3190 

less well developed than those for detecting genotoxic carcinogens. It can be argued that classical animal 3191 

carcinogenicity bioassays should identify carcinogens independently of the mechanisms. However, because of 3192 

the very low number of tumours induced, such studies (involving exposure to the agent alone, without co-3193 

exposures) may suffer from low statistical power to detect co-carcinogens. Animal studies on co-carcinogenic 3194 

effects have usually been designed based on the concepts of óinitiationô and ópromotionô. Such studies involve a 3195 

short-term exposure to an óinitiatorô (a known DNA-damaging agent), followed by long-term exposure to the 3196 

putative ócancer promoterô. However, it has been questioned whether the initiation-promotion approach is 3197 

sufficient for describing the complex interaction of genotoxic and non-genotoxic agents (Juutilainen, Lang & 3198 
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Rytomaa, 2000). Although most of the studies on co-carcinogenicity of RF radiation have tested RF radiation as 3199 

a possible promoter after a single dose or short-term treatment with a known initiator, a few studies have used 3200 

different approaches such as long-term simultaneous exposure to RF radiation and the known carcinogen, or RF 3201 

field exposure before treatment with the known carcinogen.  3202 

Details of studies evaluating combined exposure to RF radiation with known genotoxic/carcinogenic 3203 

agents are shown in Table 12.2.3. Like in case of genetically predisposed models (see section 12.2.1.2), the 3204 

incidence of tumours in the control group (exposed only to the known carcinogen) should be at an appropriate 3205 

level to allow detection of a possible further increase related to RF field exposure. Therefore, information of 3206 

tumour incidence in the control (known carcinogen-only) group is included in Table 12.2.3. 3207 

Lymphoma  3208 

Heikkinnen et al. (2001) exposed groups of 50 female CBA/S mice irradiated with X-rays to 902 MHz 3209 

RF fields, either continuous (frequency modulated) at a whole-body SAR of 1.5 W/kg or pulsed (GSM 3210 

modulation) at an SAR of 0.35 W/kg for 1.5 hour per day, 5 days per week. They did not observe  an effect on 3211 

the development of lymphomas or other tumours and on survival. The X-rays were delivered during the first 3212 

three weeks of the study in three fractions, and the exposures to RF radiation continued for 1.5 years. The only 3213 

statistically significant differences in tumour incidences (out of several dozen investigated) were a decreased 3214 

incidence of glandular polyps in the continuous wave group (p=0.011), and a decreased incidence of benign 3215 

pheochromocytomas of the adrenal glands in both RF field groups (continuous field: p=0.041; pulsed field: 3216 

p<0.039). The results were corrected for multiple comparisons. 3217 

Skin tumours 3218 

Topical application of two different chemical initiators have been used to induce skin tumours: 3219 

benzo(a)pyrene (BAP) and 7,12-dimethylbenz(a)anthracene (DMBA). 3220 

Szudzinski and co-workers reported significant dose-dependent acceleration of the development of 3221 

BAP-induced skin tumours in groups  of 40 Balb/c mice irradiated with 2.45 GHz RF fields at about 2ï6 W/kg 3222 

(Szudzinski et al., 1982). Just like the study on mammary tumours by the same group (Szmigielski et al., 1982) 3223 

this study is included in WHO (1993b), but will be discussed here also for completeness. Exposure to both BAP 3224 

and RF fields were long-term (6 months), 2 hours daily for 6 days per week. Enhanced development of skin 3225 

tumours was reported also if the RF exposure was for 1ï3 months prior to the beginning of BAP exposures. 3226 

[Some of these results appear to have been reported by Szmigielski et al. (1982). There are some inconsistencies, 3227 

however, between these two reports (e.g. the group size and the exact handling of the sham-exposed animals) 3228 

which complicate the interpretation of the results.] The authors detected no increase of rectal temperature, but 3229 

admitted that at the highest exposure level formation of significant óhot-spotsô was possible due to non-uniform 3230 

absorption of RF energy. [As mentioned previously with the study of Szmigielski et al. (1982), whole-body 3231 

exposure to the highest SAR level can certainly result in heating of the animals, but also an SAR of 2 W/kg is 3232 

already a significant systemic challenge to a mouse with a metabolic rate of 4ï7 W/kg under thermal neutral 3233 

conditions. An increased body temperature can result in acceleration of tumour growth (Dickson, 1977; Wile, 3234 

Nahabedian & Mason, 1983) although not all tumours seem to respond similarly to moderate heating (Sen et al., 3235 

2011).] 3236 

Chagnaud and Veyret exposed BAP-treated female Sprague Dawley rats to RF fields at whole-body 3237 

SARs of 0.075 or 0.27 W/kg (Chagnaud & Veyret, 1999). Neither exposure was observed to have an effect on 3238 

the appearance of BAP-induced subcutaneous sarcomas or on survival. Similarly, the levels of anti-3239 

phosphatidylinositol auto-antibodies, a suggested marker of malignant transformation, were not higher in RF 3240 

field-exposed animals than in sham-exposed animals. The exposure to RF radiation was for 2 hours per day for 2 3241 

weeks beginning on day 20, 40 or 75 after BAP injection. [The exposed groups were small: only 7ï9 animals per 3242 

group.] 3243 

RF field exposures have also not been observed to induce tumours in the skin of DMBA-treated CD-1 3244 

mice (Imaida et al., 2001) or ICR mice (Huang et al., 2005). The animals were subjected to topical application of 3245 

DMBA on dorsal skin a week before the beginning of RF field exposures. Imaida et al. exposed groups of 30 or 3246 

48 animals at a whole-body SAR of 2 W/kg, while Huang et al. used groups of 20 animals for exposure to a 3247 

whole-body SAR of 0.4 W/kg. No skin tumours were observed either in sham or RF-field-exposed animals 3248 

during the 19-week studies, or not even after a one-year follow-up (Huang et al., 2005), whereas a clear tumour 3249 

response was observed in the positive control animals exposed to repeated topical treatment with the classical 3250 
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tumour promoter phorbol-12-myristate-13-acetate (PMA). RF field exposure was not found to affect either the 3251 

epidermal thickness (Huang et al., 2005; Imaida et al., 2001) or expression of proliferating cell nuclear antigen 3252 

(Huang et al., 2005). No difference was observable in the incidence of lymphoma (Imaida et al., 2001) (only 3253 

liver, kidney, adrenal glands and spleen were evaluated for lymphomas). 3254 

Paulraj and Behari (2011) exposed Swiss albino mice to either a 16-Hz amplitude-modulated 112 3255 

MHz signal or to a 2.54 GHz RF field for 2 hours per day, 3 days per week and 16 weeks. Exposures started 3256 

1 week after application of DMBA to the skin. The SARs were calculated to be 0.75 W/kg and 0.1 W/kg, for the 3257 

112 MHz and 2.54 GHz signals, respectively. No tumours were observed in the groups with DMBA only, with 3258 

RF only or in the DMBA+RF group, while application of DMBA and croton oil (that contains the tumour 3259 

promotor TPA) induced skin tumours in 10/14 animals. [Although the experimental groups initially each 3260 

contained 18 animals, the óeffectiveô number given in Table 1 in the publication is 2ï4 less. It is not clear why 3261 

this is the case.] 3262 

Heikkinen et al. (2003) reported that exposure for 1.5 h per day, 5 days per week during 52 weeks to 3263 

pulsed 849 or 902 MHz RF radiation with two modulation characteristics (GSM or DAMPS) did not 3264 

significantly affect the development of skin tumours induced by UV radiation in female ODC-transgenic mice 3265 

(K2) or in their non-transgenic littermates (n=45ï49 per group). Skin tumours were induced by exposure to 3266 

solar-simulating UV radiation three times a week during the whole study. The development of skin tumours was 3267 

faster in RF field-exposed animals than in the control group exposed to UV radiation only. This was consistently 3268 

seen with both RF signals and in both transgenic and non-transgenic animals, but it did not reach statistical 3269 

significance even in a combined analysis.  3270 

Mammary tumours 3271 

DMBA is also used to induce mammary gland tumours in rodents. Several studies have investigated 3272 

the effects of RF field exposure in this experimental system.   3273 

The study of Bartsch and co-workers (2002) differs from most other RF field studies published this 3274 

far, in that the daily RF exposure time was long (nearly all-time exposure). The study involved exposures of 3275 

freely moving Sprague Dawley rats (12 per cage) at low whole-body SAR levels (0.08 W/kg or below) to a GSM 3276 

900 MHz signal. The study consisted of three experiments, each started exactly at the same time of the year on 3277 

three consecutive years. The animals were exposed continuously until ñpractically all animals had developed a 3278 

macroscopic mammary tumourò and the last experiment was conducted in a blinded fashion. In one of the three 3279 

experiments median latency for the development of the first malignant tumour was statistically significantly 3280 

extended in the RF field-exposed group. This finding was not supported by the two other experiments. The 3281 

overall conclusion is that in these experiments long term exposure to RF radiation had no significant effect on 3282 

the development of DMBA-induced mammary tumours in Sprague Dawley rats. 3283 

The study of Anane et al. (2003) consisted of two separate experiments. Female Sprague Dawley rats 3284 

were administered DMBA 10 days before the beginning of the GSM 900 MHz exposures, which were given for 3285 

2 hours per day, 5 days per week during 9 weeks. Each experiment contained 14ï16 rats per group. The whole-3286 

body SAR levels were 1.4, 2.2 and 3.5 W/kg in the first experiment and 0.1, 0.7 and 1.4 W/kg in the second. In 3287 

the first experiment, an increased incidence rate of malignant mammary tumours was observed with 1.4 and 2.2 3288 

W/kg (p=0.02 and 0.04), but not with the highest exposure level. In the second experiment a decreased rate of 3289 

incidence was observed with 1.4 W/kg (p=0.04) and no effect with the two lower exposure levels. No effect was 3290 

observed on tumour latency (time of detection of the first tumour). For tumour multiplicity (the number of 3291 

tumours per animal) no effects were observed, except for the group exposed to 1.4 W/kg in the second 3292 

experiment, where the multiplicity was lower than in the sham-exposed group (p<0.01). The two experiments 3293 

were thus not consistent, but overall showed no effect of exposure.  3294 

The study by Yu et al. (2006) did not provide evidence for effects of exposure to GSM 900 MHz 3295 

fields on the development of DMBA-initiated development of mammary tumours in Sprague Dawley rats. 3296 

Exposure levels up to 4 W/kg were covered and 100 animals per group were used. Exposure was for 4 h per day, 3297 

5 days per week and 26 weeks. The incidence of mammary gland adenocarcinomas was slightly lower in the 3298 

group exposed to the lowest SAR (0.44 W/kg), but the tumours were slightly larger compared to the animals 3299 

exposed to DMBA only. A slightly enhanced development of adenocarcinomas was found at the highest SAR 3300 

level. However, none of these differences were statistically significant. Significant differences were observed 3301 

between the cage-controls and the other experimental groups, with increased body weight and higher number 3302 

and more rapid development of mammary tumours in the cage-control group. These differences are most likely 3303 
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related to restraint of the sham-exposed and RF-exposed animals. [The statistical analysis of tumour appearance 3304 

was apparently done without making a distinction between tumours observed during the study by palpation and 3305 

tumours detected in histopathological evaluation. While this could in principle mask differences between the 3306 

groups (also small non-palpable tumours are detected in histopathology), the data shown in the paper suggest 3307 

that a different statistical analysis would not essentially change the conclusion that RF radiation did not promote 3308 

mammary tumour development.] 3309 

Hruby et al. (2008) used a study design similar to that used by Yu et al. (2006), exposing the 100 3310 

Sprague Dawley rats per group also for 4 h per day, 5 days per week and 6 months. There were several 3311 

statistically significant differences between the GSM 902 MHz field-exposed groups and the sham-exposed 3312 

group. All RF-exposed groups had significantly more palpable mammary gland tissue masses than the sham-3313 

exposed group (p<0.05), but there were no differences between the three groups exposed with whole body SARs 3314 

of 0.4, 1.3, or 4.0 W/kg respectively. The incidence of malignant mammary tissue tumours was lowest in the 3315 

sham-exposed group, and significantly increased in the high-exposure group (p<0.05). However, the incidence of 3316 

benign tumours was significantly lower in the three RF-exposed groups than in the sham-exposed group 3317 

(p<0.05). The number of animals with benign or malign neoplasms was similar in the sham-exposed group and 3318 

in the three RF-exposed groups. The cage-control group had the highest incidence and malignancy of neoplasms 3319 

among all groups. Given that the DMBA mammary tumour model is known to be prone to high variations in the 3320 

results, the authorsô interpretation was that the differences between the groups were coincidental. Comparison 3321 

with the results of the almost identical study by Yu et al. (2006) supports this conclusion: both studies reported 3322 

similar development of mammary tumours in three groups, but lower rate of development (seen in the 3323 

appearance of palpable tumours and/or reduced malignancy) in one group. Hruby et al. found the lowest rate of 3324 

development in the sham-exposed group, while Yu et al. found it in the 0.44 W/kg group. [Both studies 3325 

consistently reported the highest incidence of tumours in the cage-control group, which is most likely related to 3326 

the different handling of the cage-control animals (different stress level, differences in food intake).] 3327 

Liver tumours 3328 

Exposure to 1.439 GHz (Imaida et al., 1998a) or 929.2 MHz (Imaida et al., 1998b) pulsed RF 3329 

radiation at whole-body SARs of 0.4ï0.8 W/kg (maximum local SAR in the liver 0.9ï2.0 W/kg) was used to 3330 

study effects on promotion of liver cancer in Fisher 344 rats.  Groups of 48 rats were exposed to 3331 

diethylnitrosamine (DEN), partially hepatectomised a few weeks later, and then exposed to RF fields for 1.5 h 3332 

per day, 5 days per week during 6 weeks. The development of gluthathione S-transferase positive liver foci, a 3333 

preneoplastic rat liver lesion used as an endpoint marker in this assay, was slightly decreased in the RF-exposed 3334 

when compared to the sham-exposed animals in both studies, the difference being statistically significant at 3335 

1.439 GHz (p<0.05). When compared to the unrestrained cage-control animals, the level in the RF-exposed 3336 

animals was about the same. The level in the sham-exposed animals was slightly but significantly higher than 3337 

that in the cage-controls (p<0.05).  3338 

Brain tumours 3339 

Several animal studies have evaluated the effects of low-level RF fields on the development of 3340 

tumours initiated by transplacental administration of the known genotoxic agent n-ethylnitrosourea (ENU).  3341 

Adey et al. (1999) exposed Fisher 344 rats before and after birth to an NADC 835 MHz signal at 3342 

SARs in the brain of 0.33ï0.53 W/kg. The groups of 56 or 60 animals were exposed for 2 hours per day, 7 days 3343 

per week for 2 years. They observed a reduced incidence of ENU-induced CNS tumours in the RF-exposed 3344 

group (a similar tendency was seen also in spontaneous tumours, see section 12.2.1.1), but the difference was not 3345 

statistically significant. RF exposure did not statistically significantly affect the mortality of ENU-treated 3346 

animals, although survival was slightly increased in the RF-exposed group. 3347 

In similar experiments but using another type of signal, FM 836 MHz at brain SARs of 1.0 or 1.2 3348 

W/kg, and groups of 90 animals, Adey et al. (2000) did not observe any effect of RF exposure on survival and 3349 

CNS tumour incidence. 3350 

Shirai et al. (2005) exposed groups of 100 Fisher 344 rats born from ENU-treated mothers to a 1439 3351 

MHz TDMA signal at brain SARs of 0.67 or 2.0 W/kg for 90 min per day, 5 days per week for 104 weeks. They 3352 

observed no significant effect of RF exposure on brain tumours, although the incidence in females was slightly 3353 

lower in both exposed groups compared to the sham-exposed. The incidence of pituitary tumours showed a 3354 

tendency for increase in both sexes treated with ENU compared to the cage-control animals, the differences 3355 
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being more consistent for females. Compared to the sham-exposed group, incidence of pituitary tumours was 3356 

decreased in males of both RF-exposed groups. At the higher RF-exposure level (2.0 W/kg) the decrease was 3357 

statistically significant (p<0.01), and the incidence was slightly but not significantly decreased in females. The 3358 

authors questioned the biological meaning of high pituitary tumour incidence in their study, and stated that the 3359 

incidence may still be within the wide range of background data of this strain. An earlier study did not report any 3360 

effect of RF on tumour development in pituitary glands of ENU treated Sprague Dawley rats (Zook & Simmens, 3361 

2001) (see below), but the proportion of pituitary gland tissues available for histology was only about 80% in 3362 

this study.  3363 

A later study from the same group (Shirai et al., 2007) had a similar protocol, but a different mobile 3364 

phone signal was used (1.95 GHz WCDMA versus 1.439 GHz TDMA used in the first study). In contrast to the 3365 

previous study, brain tumour incidence in both females and males tended to be higher in the RF-exposed than in 3366 

the sham-exposed group, but no statistically significant differences were reported. [The statistical method used 3367 

(two-group comparisons with Fisherôs exact test) is not sensitive for detecting trends with increasing exposure 3368 

level. Using combined female and male data from the paper, chi-squared test for trend shows a p-value of 0.0395 3369 

for an increasing trend from the sham-exposed group to the highest exposure group.] No differences in pituitary 3370 

tumours were observed in this study. [Given the inconsistent findings and opposite trends observed in these two 3371 

studies (Shirai et al., 2005; Shirai et al., 2007), the differences observed are most likely incidental.]  3372 

Zook and Simmens (2001) treated pregnant female Sprague Dawley rats with two different doses of 3373 

ENU and exposed the offspring to 860 MHz pulsed or continuous-wave RF EMF, at a brain SAR of 1 W/kg. The 3374 

exposures were for 6 h per day, 5 days per week and 22 months and the groups counted 60 animals. Neither 3375 

continuous nor pulsed field exposure significantly affect incidence, volume, multiplicity, malignancy or fatality 3376 

on ENU-induced brain tumours or development of tumours in eight other organs. There was a slight statistically 3377 

non-significant tendency toward higher incidence of fatal brain tumours in the group treated with the higher level 3378 

of ENU and exposed to the pulsed RF field. 3379 

In a follow-up study, Zook and Simmens (2006) investigated further any promoting effect of the 3380 

pulsed RF signal. Latency and other characteristics of neurogenic tumours were investigated in the progeny of 3381 

pregnant Sprague Dawley rats treated with two doses of ENU. The offspring were exposed to pulsed RF, sham 3382 

exposed or kept as cage-controls. The exposure to the 860 MHz RF field was for 6 h per day, 5 days per week at 3383 

a SAR of 1.0 W/kg averaged over the brain (0.27ï0.42 W/kg averaged over the whole body). An equal number 3384 

of rats from each group were killed every 30 days between the ages of 171 and 325 days; 32 rats died and 225 3385 

rats were killed when they were moribund. All rats were necropsied and the brain and spinal cord were examined 3386 

histopathologically. No evidence was found of an effect of RF exposure on the incidence, malignancy, volume, 3387 

multiplicity, latency or fatality associated with any kind of brain tumour. 3388 

Colon tumours 3389 

 Wu et al. investigated the effect of exposure to 2.45 GHz RF radiation on the development of 3390 

dimethylhydrazine (DMH)-induced colon tumours in groups of 26ï32 Balb/c mice (Wu et al., 1994). Exposure 3391 

was at a relatively high whole-body SAR of 10ï12 W/kg for 3 h per day, 6 days per week and 5 months. No 3392 

difference in tumour incidence was observed between exposed and sham-exposed groups. 3393 

Multiple tumours 3394 

Heikkinen et al. (2006) evaluated possible effects of exposure to RF fields on tumours induced by the 3395 

mutagen and multisite carcinogen 3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone (MX) given 3396 

continuously during the experiment in drinking water. Female Wistar rats were exposed for 2 h per day, 5 days 3397 

per week, and 104 weeks to 900 MHz RF (GSM modulation) at whole-body SARs of 0.3 or 0.9 W/kg (72 rats 3398 

per group). No statistically significantly different mortality or organ-specific incidence of any tumour type was 3399 

observed in the exposed compared to sham-exposed groups. The only statistically significant difference was an 3400 

increase in the combined frequency of vascular tumours of the mesenteric lymph nodes in the high-RF group 3401 

compared to the sham-RF group (p<0.05). However, comparison to cage-control animals suggested that this 3402 

difference was due to unusually low frequency of this type of tumours in the sham-RF group, rather than high 3403 

frequency in the high-RF group. 3404 

Tillman et al. (2010) continuously exposed groups of 54ï60 female C57Bl/6N and male C3H/HeN 3405 

mice for 24 months to a UMTS-like signal at power densities of 4.8 or 48 W/m
2
; exposure started at the 6

th
  day 3406 

of pregnancy.  The genotoxic agent n-ethylnitrosourea (ENU) was given to pregnant females at the 14
th
 day of 3407 
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pregnancy. An increased number of lung tumours was found after exposure to the lower power density 3408 

(p<0.001ï0.05), but not after the high one when compared to the ENU-only group. No effect of the UMTS 3409 

exposures was seen on any other type of tumour. A striking finding was the increase in liver tumours in all 3410 

groups, including controls. This could be explained by an initially undetected Helicobacter hepaticus infection 3411 

that appeared to be already present in the parent mice. [The lack of an ENU+sham exposure group makes it 3412 

difficult to draw definitive conclusions on this study.] 3413 

Table 12.2.3. Studies on carcinogenesis in rodents using RF and genotoxic/carcinogenic agents. 

Animals, number 
per group, age at 
start 

Exposure: source, 
schedule, level, 
freely moving or 
restrained 

Response Comment  Reference 

Lymphoma 

Mouse: CBA/S, 
normal (n=50) 

3-5 weeks  

Lymphomas and 
other tumours 

Induction by X rays 

(Lymphoma 
incidence 24% 
without RF exposure) 

NMT 902 MHz, GSM 
902 MHz 

1.5 h/d, 5 d/week, 78 
weeks  

WBA SAR: NMT: 1.5 
W/kg; GSM: 0.35 
W/kg 

Restrained 

No effect on X ray-
induced lymphomas, 
other neoplasms or 
survival. 

 Heikkinen et al. 
(2001) 

Skin tumours 

Mouse: Balb/c, 
normal (n=40) 

6 weeks 

Initiated by BAP 

(Skin tumour 
incidence 50% 
without RF exposure) 

2450 MHz 

2 h/d, 6 d/week, 10.5 
months 

WBA SAR 2-3, 6-8 
W/kg 

Free 

Acceleration of skin 
cancer; effect chronic 
stress same as WBA 
SAR 2-3 W/kg. 

Heat stress may 
have accelerated 
tumour growth. 

Szmigielski et al. 
(1982) 

Mouse: Balb/c, 
normal (n=100) 

Age not provided 

Initiated by BAP 

(Skin tumour 
incidence 95% 
without RF exposure) 

2450 MHz 

2 h/d, 6 d/week, 1, 2, 
3, 6 months 

WBA SAR 2-3, 6-8 
W/kg during BAP; 4 
W/kg before BAP 

Free 

Dose-dependent 
acceleration of skin 
cancer; in part same 
data as Szmigielski 
et al. (1982); 
comparison of 
different treatment 
regimes. 

Heat stress may 
have accelerated 
tumour growth. 

Szudzinski et al. 
(1982). 

Rat: Sprague 
Dawley, normal (n=7-
9; control: n=6) 

2 months 

Initiated by BAP 

(Malignant sarcoma 
development 100%) 

GSM 900 MHz 

2 h/d, 2 weeks 

WBA SAR 
0.075±0.025, 
0.27±0.09 W/kg 

Restrained 

No effect on tumour 
development or 
growth, and on 
survival. 

 Chagnaud & Veyret 
(1999) 

Mouse: CD-1, normal 
(n=30, 48) 

5 weeks 

Initiated by DMBA 

(No macroscopic skin 
tumours without RF 
exposure) 

TDMA 1.5 GHz 

1.5 h/d, 5 d/week, 19 
weeks 

Skin peak SAR 2.0 
W/kg 

Restrained 

No effect on skin 
tumour development. 

 Imaida et al. (2001) 

Mouse: ICR, normal 
(n=20) 

6 weeks 

Initiated by DMBA 

(Skin tumour 
incidence 0% without 
RF exposure) 

 

849, 1763 MHz 

2x45 min/d, 5 
d/week, 19 weeks 

WBA SAR 0.4 W/kg 

Free 

No effect on skin 
tumour. 

 Huang et al. (2005) 



 

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE. 

 

131 

Mouse: Swiss albino, 
normal (n=18) 

7-8 weeks 

Skin tumour 

Initiated by DMBA 

(Skin tumour 
incidence DMBA: 
0%; DMBA+TPA: 
71%) 

112 MHz, 16 Hz AM; 
2.54 GHz 

2 h/d, 3 d/week, 16 
weeks 

112 MHz: WBA SAR 
0.75 W/kg; 2.54 GHz: 
WBA SAR 0.1 W/kg 

Free 

No effect on skin 
tumour. 

Small number of 
animals. 

Paulraj & Behari 
(2011) 

Mouse: K2 (ODC 
transgenic) and wild-
type (n=45-49; cage 
control: n=20) 

12-15 weeks 

Initiated by UV 

(Skin tumour 
incidence 22% 
without RF exposure) 

GSM, DAMPS 

1.5 h/d, 5 d/week, 52 
weeks 

WBA SAR 0.5 W/kg 

Restrained 

No effect on skin 
tumour. 

 Heikkinen et al. 
(2003) 

Mammary tumours 

Rat: Sprague 
Dawley, normal 
(n=60) 

38+13 d 
acclimatization;  
43+8 d 
acclimatization;  
34+17 d 
acclimatization 

Initiated by DMBA 

(Malignant mammary 
tumour incidence 79-
91% without RF 
exposure) 

GSM 900 MHz 

Continuously until 
ñpractically all 
animals had 
developed a 
macroscopic 
mammary tumourò 

WBA SAR max 0.08 
W/kg 

Free 

No effect on tumour 
latency and 
incidence. 

 Bartsch et al. (2002) 

Rat: Sprague 
Dawley, normal 
(n=16; cage control: 
8) 

55 d 

Initiated by DMBA 

(Malignant mammary 
tumour incidence 
60% without RF 
exposure) 

GSM 900 MHz 

2 h/d, 5 d/week, 9 
weeks 

WBA SAR 0.1, 0.7, 
1.4, 2.2, 3.5 W/kg 

Restrained 

No effect on tumour 
latency, volume, 
multiplicity; in 1

st
 of 2 

experiments inverse 
dose relation for 
incidence. 

 Anane et al. (2003) 

Rat: Sprague 
Dawley, normal 
(n=100) 

36+12 d 
acclimatization 

Initiated by DMBA 

(Mammary tumour 
incidence 45% 
without RF exposure) 

GSM 900 MHz 

4 h/d, 5 d/week, 26 
weeks 

WBA SAR 0.44, 1.33, 
4.0 W/kg 

Restrained 

No effect on tumour 
latency, size, 
multiplicity, 
incidence. 

Incidence and 
latency higher in 
cage-controls than in 
exposed. 

Yu et al. (2006) 

Rat: Sprague 
Dawley, normal 
(n=100) 

5 weeks + 12 d 
acclimatization 

Initiated by DMBA 

(Mammary tumour 
incidence 60% 
without RF exposure) 

GSM 902 MHz 

4 h/d, 5 d/week, 6 
months 

WBA SAR 0.4, 1.3, 
4.0 W/kg 

Restrained 

More palpable 
mammary glands but 
no dose response 
relation; more 
malignant mammary 
tumours in 4 W/kg 
group; fewer benign 
tumours in all 
exposed groups; no 
effect on number of 
animals with benign 
or malign neoplasms. 

Incidence higher in 
cage-controls than in 
exposed. 

Hruby et al. (2008) 

Liver tumours 
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Rat: Fischer 344, 
normal (n=48) 

5+1 week 
acclimatization 

Initiated by 
diethylnitrosamine 

(Liver foci incidence 
100% without RF 
exposure) 

TDMA 929 MHz 

1.5 h/d, 5 d/week, 6 
weeks 

WBA SAR 1.7-2.0 
W/kg 

Restrained 

No effect on number 
of foci and size. 

Serum hormones 
discussed in section 
07.2. 

Imaida et al. (1998b) 

Rat: Fischer 344, 
normal (n=48) 

5+1 week 
acclimatization 

Initiated by 
diethylnitrosamine 

(Liver foci incidence 
100% without RF 
exposure) 

TDMA 1439 MHz 

1.5 h/d, 5 d/week, 6 
weeks 

WBA SAR 0.937-
1.91 W/kg 

Restrained 

No effect on number 
of foci and size. 

Serum hormones 
discussed in section 
07.2. 

Imaida et al. (1998a) 

CNS tumours 

Rat: Fischer 344, 
normal (n=56, 60) 

Gestation d 15 + 3 d 
acclimatization 

Initiated by ENU 

(CNS tumour 
incidence 17% 
without RF exposure) 

 

NADC 835 MHz 

2 h/d, 7 d/week 
(prenatal), 4 d/week 
(postnatal), 2 years 

Brain SAR 0.33-0.53 
W/kg 

Free (prenatal), 
restrained (postnatal) 

Non-significantly 
reduced tumour 
incidence and 
increased survival. 

See Table 12.2.1 for 
results regarding 
spontaneous 
tumours. 

Adey et al. (1999) 

Rat: Fischer 344, 
normal (n=90) 

Gestation d 15 + 3 d 
acclimatization 

Initiated by ENU 

(CNS tumour 
incidence 22% 
without RF exposure) 

 

FM 836 MHz 

2 h/d, 7 d/week 
(prenatal), 4 d/week 
(postnatal), 2 y 

Brain SAR 1.0, 1.2 
W/kg 

Free (prenatal), 
restrained (postnatal) 

No effect on survival 
and tumour 
incidence. 

See Table 12.2.1 for 
results regarding 
spontaneous 
tumours. 

Adey et al. (2000)  

Rat: Fischer 344, 
normal (n=30) 

Gestation d 18  

Initiated by ENU 

(Brain tumour 
incidences 24% in 
males and 30% in 
females without RF 
exposure) 

TDMA 1439 GHz 

90 min/d, 5 d/week, 
104 weeks 

Brain SAR 0.67, 2.0 
W/kg 

Restrained 

Lower incidence of 
pituitary tumours in 
males after high level 
RF, no other RF 
effect on neurogenic 
or other tumours. 

Serum hormones 
discussed in section 
07.2. 

Shirai et al. (2005) 

Rat: Fischer 344, 
normal (n=100) 

Gestation d 18  

Initiated by ENU 

(Brain tumour 
incidences 10% in 
males and 8% in 
females without RF 
exposure) 

WCDMA 1.95 GHz 

90 min/d, 5 d/week, 
104 weeks 

Brain SAR 0.67, 2.0 
W/kg 

Restrained 

No effect on 
neurogenic or other 
tumours. 

 Shirai et al. (2007) 
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Rat: Sprague 
Dawley, normal 
(n=60) 

Gestation d 15  

Initiated by ENU 

(Brain tumour 
incidence 10-16% 
(low-ENU) and 58% 
(high-ENU) without 
RF exposure) 

860 MHz pulsed, CW 
6 h/d, 5 d/week, 22 
months 

Brain SAR 1.0±0.2 
W/kg 

Restrained 

No effect on 
neurogenic or other 
tumours. 

See Table 12.2.1 for 
results regarding 
spontaneous 
tumours. 

Zook & Simmens 
(2001) 

Rat: Sprague 
Dawley, normal 
(n=60) 

Gestation d 15  

Initiated by ENU 

(Brain tumour 
incidence 50% 
without RF exposure) 

860 MHz pulsed 

6 h/d, 5 d/week, 325 
d 

Brain SAR 1.0±0.2 
W/kg 

Restrained 

No effect on 
incidence, 
malignancy, volume, 
multiplicity, latency or 
fatality of neurogenic 
tumours. 

 Zook & Simmens 
(2006) 

 Replication of Zook 
& Simmens (2001) 

Colon tumour 

Mouse: Balb/c, 
normal (n=26-32) 

4-5 wk 

Initiated by DMH 

(Colon tumour 
incidence 46% 
without RF exposure) 

2450 MHz 

3 h/d, 6 d/week, 5 
months 

WBA SAR 10-12 
W/kg 

Restrained 

No effect.  Wu et al. (1994) 

Multiple tumours 

Rat: Wistar, normal 
(n=72) 

7 weeks 

Initiated by MX 

(Malignant tumour 
incidence 51% 
without RF exposure) 

GSM 900 MHz 

2 h/d, 5 d/week, 104 
weeks 

WBA SAR 0.3, 0.9 
W/kg 

Free 

Increase in frequency 
of combined vascular 
tumours of the 
mesenteric lymph 
nodes with 0.9 W/kg. 

No effect on organ 
specific tumours and 
survival. 

Unusually low 
frequency of vascular 
tumours of the 
mesenteric lymph of 
tumours in the sham-
exposed group. 

Heikkinen et al. 
(2006) 

Mouse: C57Bl/6N  & 
C3H/HeN , normal 
(n=54-60) 

6 d post conception 

Initiated by ENU 

(Malignant tumour 
incidence up to 55% 
(lung carcinomas) 
without RF exposure) 

UMTS continuously 

24 months 

0, 4.8, 48 W/m
2
 

Free 

Increased number of 
lung tumours after 
low, but not after high 
exposure; no effect 
on other tumours. 

ENU+sham exposure 
group missing. 

Tillmann et al. (2010) 

Abbreviations: AM: amplitude modulation; BAP: benzo(a)pyrene or 3,4 benzopyrene; CNS: central nervous system; 
CW: continuous wave; DAMPS: Digital Advanced Mobile Phone System; DMBA: 7,12-dimethybenz[a]anthracene; 
DMH: dimethylhydrazine; ENU: ethylnitrosourea; FM: Frequency Modulation; GSM: Global System For Mobile 
Communication; NADC: North American Digital Cellular; NMT: Nordic Mobile Telephony; MX: 3-chloro-4-
(dichloromethyl)-5-hydroxy-2(5H)-furanone; WBA SAR: whole-body averaged SAR; TDMA: Time Division Multiple 
Access; TPA: 12-O-tetradecanoylphorbol-13-acetate; UMTS: Universal Mobile Telecommunications Signal; UV: 
ultraviolet (radiation); WCDMA: Wideband Code Division Multiple Access 

 3414 

12.2.3. Effects of RF radiation on transplanted tumour 3415 

Szmigielski et al. (1982) exposed BALB/c mice injected with sarcoma cells to 2.45 GHz microwaves 3416 

for 2 h per day, 6 days per week, during 1, 2 or 3 months at whole-body SARs of 2ï3 and 6ï8 W/kg. 3417 

Significantly elevated numbers of neoplastic lung foci nodules after both 1 and 3 months were reported at both 3418 

RF exposure levels (p<0.01 with the highest level). [The interpretation of this study is complicated by the fact 3419 

that methods are not described in detail. As mentioned previously, whole-body exposure to the highest SAR 3420 

level can certainly result in heating of the animals, but also an SAR of 2 W/kg is already a significant systemic 3421 

challenge to a mouse with a metabolic rate of 4-7 W/kg under thermal neutral conditions. An increased body 3422 
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temperature can result in acceleration of tumour growth (Dickson, 1977; Wile, Nahabedian & Mason, 1983) 3423 

although not all tumours seem to respond similarly to moderate heating (Sen et al., 2011).]  3424 

Santini and co-workers (1988) exposed groups of 15 C57/6J mice lifelong for 2.5 h per day, 6 days 3425 

per week to continuous or pulsed 2.45 GHz RF fields at an whole body SAR of 1.2 W/kg. After 15 exposure 3426 

days animals were subcutaneously implanted with B16 melanoma cells. No significant effects of RF radiation on 3427 

tumour development or survival times were observed.  3428 

Paulraj and Behari (2011) injected Swiss albino mice intraperitoneally with ascites cells and exposed 3429 

or sham-exposed them for 2 h per day during 14 days to either 112 MHz RF EMF amplitude modulated at 16 Hz 3430 

(SAR=0.75 W/kg), or 2.54 GHz (SAR=0.1 W/kg). No difference was observed between sham and exposed 3431 

groups in terms of number of ascites cells, body weight and survival. [With only 8 animals per group, the groups 3432 

were very small, however.] 3433 

Higashikubo et al. (1999) implanted male Fischer 344 rats with gliosarcoma cells and exposed them 3434 

for 4 h per day, 5 days per week, during 4 weeks to an 835 MHz continuous wave FM signal or a 847 MHz 3435 

CDMA signal at a brain SAR of 0.75±0.25 W/kg. They observed no effect of RF exposure on survival, 3436 

independent of the number of cells injected. 3437 

Studies not included in the analysis 3438 

Salford et al. (1993; 1997) pairwise implanted male and female Fischer 344 rats with glioma cells. 3439 

One animal was sham exposed and one exposed to a 915 MHz RF field either continuous or pulse modulated at 3440 

4, 8, 16, 50 or 200 Hz. The output of the pulses was kept constant, therefore the SAR varied from 0.0077 to 1.67 3441 

W/kg. The animals were exposed for 7 h per day, 5 days per week for up to 3 weeks. In some pairs tumour 3442 

growth in the exposed animal was faster than in the sham control, but overall there was no significant effect of 3443 

exposure on tumour growth. [The animals used in these studies were not well-defined; they had a range of body 3444 

weights and presumably of ages. The use of inoculated cells with varying viability resulted in a large variation in 3445 

tumour growth. Consequently the experimental conditions show too much variation for a meaningful analysis.] 3446 

Table 12.2.4. Studies on effects of RF on growth and development of implanted tumours in rodents. 

Animals, number 
per group, age at 
start 

Exposure: source, 
schedule, level, 
freely moving or 
restrained 

Response Comment  Reference 

Lung tumour 

Mouse: Balb/c, 
normal, injected L1 
sarcoma cells 
(n=unknown) 

6 weeks 

(2.8±1.6 lung 
colonies without RF 
exposure) 

2450 MHz 

2 h/d, 6 d/week, 1, 2, 
3 months 

WBA SAR=2-3, 6-8 
W/kg 

Free 

Increased incidence 
of metastatic tumour 
colonies on lung 
surface, more 
pronounced at the 
higher exposure 
level.  

Difficult to interpret 
because methods are 
not described in 
detail, group size 
unknown. 

Heat stress may 
have accelerated 
tumour growth. 

Szmigielski et al. 
(1982) 

Skin tumours 

Mouse: C57/6J 
normal, implanted 
melanoma (n=15) 

5 weeks 

(Average survival 
with tumour below 4 
weeks) 

2450 MHz, pulsed, 
CW 

2.5 h/d, 6 d/week, 
lifelong 

WBA SAR 1.2 W/kg 

Free 

No effect on 
melanoma tumour 
growth, survival. 

 Santini et al. (1988) 

Ascites tumour 

Mouse: Swiss albino, 
normal (n=8) 

7ï8 weeks 

Ascites tumour 

112 MHz, 16 Hz AM; 
2.54 GHz 

2 h/d, 14 d 

112 MHz: WBA SAR 
0.75 W/kg; 2.54 GHz: 
WBA SAR 0.1 W/kg 

Free 

No effect on number 
of ascites cells, 
survival, body weight. 

Small number of 
animals. 

Paulraj & Behari 
(2011) 
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CNS tumours 

Rat: Fischer 344, 
normal (n=12-67  
(sham), 10-49 
(FMCW), 22-38 
(CDMA), groups from 
2 experiments 
combined) 

Inoculated 9L 
gliosarcoma cells 

28 d 

(Survival 0-27% 
without RF exposure, 
depending on 
number of inoculated 
cells) 

FMCW 835 MHz, 
CDMA 847 MHz 

4 h/d, 5 d/week, 4 
weeks 

Brain SAR 0.75±0.25 
W/kg 

Restrained 

No effect on survival, 
independent of 
number of cells 
injected. 

 Higashikubo et al. 
(1999) 

Abbreviations: CW: continuous wave; CDMA: Code Division Multiple Access; FMCW: Frequency-Modulated 
Continuous Wave; WBA SAR: whole-body averaged SAR 

 3447 

12.3 In vitro studies 3448 

12.3.1 Genotoxicity  3449 

In the previous WHO report (WHO, 1993a) very few studies relevant for genotoxicity were identified. 3450 

In most of these studies researchers did not observe significant effects of RF EMF exposure on DNA integrity in 3451 

cells, even under mild hyperthermic conditions, and the conclusion of the report was that RF EMF exposure is 3452 

not genotoxic. There were no studies examining the genotoxic effect of combined exposure of the cells to RF 3453 

EMF and chemical or physical agents.  3454 

The present literature search identified a large number of papers devoted to evaluating the effect of RF 3455 

EMF exposure, either alone or combined with chemical and/or physical agents. The aim of the latter type of 3456 

studies was to examine whether RF exposure modifies the genetic damage induced by known genotoxic agents. 3457 

Investigators have used recently developed genotoxicity techniques as well as classical cytogenetic methods, 3458 

such as, DNA single/double strand breaks (SB, mostly assessed using the comet assay), chromosomal 3459 

aberrations (CA), micronuclei (MN), sister chromatid exchanges (SCE) and mutations (MUT). 3460 

The search criteria are described in Appendix Y. The present search resulted in 75 papers. Moreover, 3461 

25 papers were obtained from other sources. Altogether 100 relevant publications were identified. Of these, 25 3462 

were excluded because they did not meet the inclusion criteria for in vitro studies (see Appendix X). These 3463 

studies are not described in the text but they are listed at the end of this section. The remaining 75 papers are 3464 

described in the text, but 12 of these did not comply with the quality criteria for inclusion as described in 3465 

Appendix X, e.g. because of inadequate description of the exposure system and/or dosimetry, or an inadequate 3466 

number of experiments. These studies are presented in a separate section at the end of the section and are not 3467 

included in the overall analysis. This section is thus based upon 63 publications. 3468 

Unless specifically mentioned, papers did not report on blinding of the investigators to the exposure 3469 

conditions. 3470 

12.3.1.1 Human cells 3471 

The great majority of studies on human cells have been carried out using freshly collected peripheral 3472 

blood lymphocytes, but other cells of different origin have also been investigated.  3473 

Human peripheral blood lymphocytes 3474 

A great majority of lymphocytes (about 99.6 %) circulating in human blood are in the resting stage, or 3475 

G0 phase, of the cell cycle. They can be stimulated to enter the cell cycle with the addition of a mitogen, 3476 

phytohemagglutinin (PHA). In most of the studies reported below, samples of whole blood collected from 3477 

healthy volunteers (containing resting lymphocytes) were exposed to RF EMF. In some studies, isolated 3478 
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lymphocytes (either unstimulated or stimulated with PHA for varying periods of time) were also used in 3479 

experiments of such exposure.  3480 

Vijayalaxmi et al. (2000) investigated the effect of 2 h exposure at 2450 MHz RF EMF, pulsed wave 3481 

(pulse width of 10 µs and pulse repetition rate of 10 kHz) at a SAR of 2.135 W/kg. An alkaline comet assay was 3482 

used to assess the extent of SB in lymphocytes from blood samples of three healthy donors immediately after 3483 

exposure and at 4 h post exposure to assess DNA damage and repair, respectively. After blind exposure, no 3484 

significant differences between RF- and sham-exposed samples were observed at any of the time points. Cultures 3485 

treated with gamma rays served as positive controls and gave positive findings. 3486 

The extent of SB was also investigated by Chemeris et al. (2006) to test the potential genotoxicity of 3487 

high power microwave pulses (HPMP; 8.8 GHz, 180 ns pulse width, average SAR 1600 W/kg, pulse repetition 3488 

frequency 50 Hz) in whole-blood leukocytes and isolated lymphocytes from 36 donors. Samples of whole blood 3489 

from 18 donors were exposed for 40 min and leukocytes were examined immediately after exposure while those 3490 

from eight donors were tested at 30 min post exposure. Isolated lymphocytes from the remaining 10 donors were 3491 

examined immediately after RF exposure. After blinded analysis, no significant differences in SB were observed 3492 

between RF EMF exposed samples and sham controls. In cultures treated with ethylmethanesulphonate (EMS, 3493 

an alkylating agent) as positive control, a significant increase in SB was recorded. [Although the authors refer to 3494 

control samples, they are actually sham-exposed samples].  3495 

Sannino et al. (2006) also failed to detect significant effects on SB in isolated leukocytes from six 3496 

donors exposed in blind for 24 h to a 1950 MHz UMTS RF EMF signal, at a SAR of 0.5 or 2 W/kg. Hydrogen 3497 

peroxide was used as positive control and showed positive findings. In this study cell viability was investigated 3498 

and resulted unaffected.  3499 

Baohong et al. (2007) carried out blind exposures of isolated leukocytes from three healthy donors to 3500 

an 1800 MHz GSM signal at a SAR of 3 W/kg. Two exposure durations were tested, 1.5 and 4 h. The comet 3501 

assay did not reveal any significant effect of RF exposure on SB in any of the exposure conditions. Treatments 3502 

with chemical mutagens (mitomicin-C, bleomicin, methyl-methane sulphonate) employed as positive controls, 3503 

induced SB, as expected. In this study, the effect of co-exposures was also investigated. 3504 

Zhijian et al. (2009) exposed isolated leukocytes from four healthy donors to an 1800 MHz GSM 3505 

signal in blind conditions. Intermittent exposures (5 min on/10 min off cycles) were carried out for 24 h at a SAR 3506 

of 2 W/kg. The exposure did not induce SB, as assessed by the comet assay. In cultures exposed to x rays as 3507 

positive controls a significant increase in SB was recorded. In this study the effect of combined exposures was 3508 

also investigated. 3509 

In a series of studies, Belyaev and his colleagues investigated the effect of RF EMF on chromatin 3510 

conformation and DNA repair proteins. The anomalous viscosity time dependence (AVTD) assay used is based 3511 

on changes in chromatin conformation due to the formation of large DNA-protein complexes which prevent the 3512 

access of DNA repair proteins to repair sites in the DNA. Moreover, the rapid phosphorylation of two check-3513 

point proteins, such as, 53BP1 and ɔ-H2AX, and their congregation in the vicinity of double strand breaks in the 3514 

DNA to provide scaffolding to repair sites have been demonstrated using specific antibodies. Such repair sites 3515 

can be visualized in cells as discrete foci which can be counted using a fluorescent microscope.  3516 

Sarimov et al. (2004) exposed isolated lymphocytes from seven donors and transformed cells 3517 

(immortalization of lymphocytes with EpsteinïBarr virus from 1 donor) to RF EMF at different frequencies in 3518 

the range of 895ï915 MHz (GSM modulation). The exposures were 30 to 60 min at an SAR of 5.4 mW/kg. The 3519 

results from the AVTD assay showed that 30-min exposure at 900 and 905 MHz resulted in a statistically 3520 

significant increase in condensation of chromatin in lymphocytes from one of three donors, while the analysis of 3521 

pooled data from all donors resulted in statistically significant effect (p<0.01). A stronger effect was observed in 3522 

four of five donors exposed for 1 h to 905 MHz and, the pooled data from all donors showed a statistically 3523 

significant effect (p<0.01). Transformed cells exposed to 895 and 915 MHz for 30 min also showed significant 3524 

chromatin condensation (p<0.05). Treatments with camptothecin as positive controls induced significant 3525 

chromatin condensation. [As stated by the authors, the measured effects are strongly dependent on frequencies 3526 

and vary among donors.] 3527 

Belyaev et al. (2005) collected blood samples from seven healthy donors and seven electromagnetic 3528 

hypersensitive (EHS) individuals and exposed isolated lymphocytes to 915 MHz RF (GSM, SAR=37 mW/kg) 3529 

for 2 hours, in blind conditions. A significant increase in chromatin condensation (AVTD assay) was detected 3530 
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immediately after exposure (p<0.005) and at 2 h post-exposure (p<0.05). Analysis with the immunostaining 3531 

method indicated a distinct reduction in 53BP1 foci in cells from all individuals (p<0.05). These observations 3532 

were similar to those in cells subjected to heat-shock treatment (positive controls). No difference in response was 3533 

observed between lymphocytes from EHS and healthy subjects. Thus, the overall data suggested decreased 3534 

accessibility of 53BP1 protein to double strand breaks repair sites due to increased chromatin condensation. 3535 

Markova et al. (2005) used 905 or 915 MHz RF EMF (GSM signal, SAR=37 mW/kg) to expose cells 3536 

from five EHS and five healthy individuals for 1 h in blind conditions. A significant increase in chromatin 3537 

condensation and reductions in 53BP1 and ɔ-H2AX foci were found in cells exposed to 915 MHz (p<0.05) and 3538 

in cltures treated with gamma rays, as positive control. No effect was detected in cells exposed to 905 MHz. 3539 

There was no significant difference between healthy and EHS donors. [However, there was a large inter-3540 

individual variation in cells exposed to 905 MHz RF.] 3541 

In a similar study, Belyaev et al. (2009) exposed the cells from five EHS and five healthy individuals 3542 

to 905 or 915 MHz RF EMF (GSM signal, mean SAR=37 mW/kg) as well as 1947 MHz (UMTS signal, mean 3543 

SAR=40 mW/kg) for 24 and 72 hours. RF exposure was performed in blind conditions. For all frequencies 3544 

tested, the SAR ranged from 15 to 145 mW/kg and about 50% of cells were exposed to a SAR between 20 and 3545 

40 mW/kg. The increased chromatin condensation and significantly reduced numbers of 53BP1 and ɔ-H2AX 3546 

foci were more pronounced in cells exposed to 1947 MHz compared to those exposed to 915 MHz, and the 3547 

decreased foci persisted up to 72 hours following RF exposure (p<0.05), indicating that the effect was not only 3548 

on double SB but also on their repair process. No significant differences were observed between cells exposed to 3549 

905 MHz RF and sham-exposed ones. As for the previous study, positive controls were set up by treating 3550 

cultures with gamma rays and worked properly. In this study also, no difference in response was observed 3551 

between lymphocytes from EHS and healthy subjects. 3552 

In some studies the extent of SB was evaluated together with chromosomal damage, such as CA or 3553 

MN.  3554 

Zeni et al. (2007b), used a Free Electron Laser equipment to deliver 120 and 130 GHz RF EMF (a 3555 

ñtrainò of micropulses, each 50 ps long and 330 ps pulse width) for 20 min to whole blood samples from 17 3556 

healthy subjects. The 120 GHz exposure was tested at calculated SAR of 0.4 W/kg, while the 130 GHz exposure 3557 

was tested at SARs of 0.24, 1.4 and 2 W/kg. The extent of genotoxicity was evaluated in cultures established 3558 

after blind exposure by means of the cytokinesis block MN technique. Moreover, blood samples exposed to 130 3559 

GHz at SARs of 1.4 and 2 W/kg were also tested for SB using the comet assay immediately after exposure. The 3560 

results of both endpoints indicated that RF EMF exposure did not induce significant damage. [No positive 3561 

controls were included in the study design. In this investigation, cell proliferation has also been measured, as 3562 

reported in Section 12.3.6]. 3563 

The same research group investigated the effect of a 900 MHz GSM signal at SARs of 0.3 and 1 W/kg 3564 

by exposing unstimulated human lymphocytes from nine donors for 2 h (Zeni et al., 2005). No differences 3565 

between RF EMF exposed and sham controls were detected in SB (five donors) and CA and SCE (four donors). 3566 

In a separate study, the researchers did not observe changes in MN in unstimulated (whole blood) or PHA-3567 

stimulated lymphocytes from six donors intermittently exposed (6 min on/2h off cycles) to 1950 MHz (SAR=2.2 3568 

W/kg). The exposure duration was from 24 to 68 h to cover different stages of the cell cycle. Moreover, no 3569 

effects on  SB were detected in unstimulated cells after 24 h exposure (Zeni et al., 2008). In both investigations 3570 

blind exposures were carried out and positive controls, assessed by treating cultures with mitomycin-C (MMC) 3571 

or methyl-methane sulphonate (MMS), gave the expected reults. [These studies have also been described in 3572 

Section 12.3.6 cell proliferation]. 3573 

No significant genotoxic effects were reported by Schwarz et al. (2008), in human peripheral blood 3574 

lymphocytes from three donors exposed in blind to a 1950 MHz UMTS signal (SAR=0.1 W/kg) for 16 h (5 min 3575 

on/10 min off cycles). Exposures were carried out on unstimulated cells to evaluate SB and on PHA-stimulated 3576 

cells to evaluate both SB and MN. Treatments of cell cultures with UV light and vincristine served as positive 3577 

controls for SB and MN, respectively and gave the expected results. In this paper the effect of RF exposure on 3578 

primary human fibroblasts has also been investigated and the results are reported in the next section (Other 3579 

human cells). 3580 

McNamee and co-workers used whole blood samples from five healthy donors to investigate the 3581 

effect of 2 h exposure to RF EMF at a frequency of 1900 MHz (SAR=0.1ï10 W/kg) on SB and MN induction 3582 

and did not find any significant difference between RF EMF and sham-exposed cells with CW (McNamee et al., 3583 
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2002b) or pulsed wave exposure (1/3 duty cycle, 50 Hz, 3.54 W peak forward power, 1.18 W average forward 3584 

power) (McNamee et al., 2002a). In a follow up study, the authors confirmed the lack of effects when RF EMF 3585 

exposure duration was increased to 24 h (McNamee et al., 2003), for both CW and pulsed wave fields. In all 3586 

cases, the experiments were performed in blind and treatments with gamma rays served as positive controls. 3587 

[The results of the latter study do not confirm the findings reported by Tice and co-workers (Tice et al., 2002) 3588 

which have been described in the section Studies not included in the analysis]. 3589 

Scarfi et al. (2006) conducted an investigation with the participation of researchers from another 3590 

independent laboratory. Lymphocytes from blood samples of ten donors were exposed for 24 h to a 900 MHz 3591 

GSM signal, at SARs of 1, 5 and 10 W/kg and then cultured for 72 h. None of the two laboratories found 3592 

significant changes in MN frequency at all SARs examined when compared with sham-controls.  The same 3593 

research group also failed to find significant increase in MN frequency in human peripheral blood lymphocytes 3594 

from 14 donors exposed to a 900 MHz GSM signal (SAR=1.25 W/kg) for 20 h in several stages of the cell cycle 3595 

(Sannino et al., 2009b; 2011). In a follow-up study the authors also failed to find effects when 20 h-exposures to 3596 

a 1950 MHz, UMTS signal were given in the S phase of the cell cycle  at SAR values of 0.15, 0.3, 0.6 and 1.25 3597 

W/kg (Zeni et al., 2012a). In these investigations RF exposure was carried out in blind conditions and cultures 3598 

treated with MMC served as positive controls and worked properly. Moreover, cell proliferation was also 3599 

investigated, as reported in Section 12.3.6. In the latter three studies the effect of combined exposures was also 3600 

evaluated. 3601 

In another study involving the participation of researchers from two independent laboratories, Stronati 3602 

et al.  (2006) investigated the effect of a 935 MHz GSM signal at SAR values of 1 and 2 W/kg. Lymphocytes in 3603 

whole blood (G0 phase of the cell cycle) from 14 healthy donors were blindly exposed to RF EMF for 24 h and 3604 

DNA damage was evaluated by several assays, such as, the alkaline comet technique to detect SB (10 donors), 3605 

metaphase analyses to detect chromosomal aberrations (14 donors) and sister chromatid exchanges (4 donors), 3606 

and micronuclei in cytokinesis-blocked binucleate lymphocytes (14 donors). Comparison with appropriate sham-3607 

exposed and control samples indicated no effect of RF EMF for any of the endpoints investigated. On the 3608 

contrary, treatments with x rays as positive controls gave the expected increase for all the endpoints. [In this 3609 

study the effect of combined exposures was also investigated. Results on cell proliferation are reported in 3610 

Section 12.3.6]. 3611 

Manti et al. (2008) exposed isolated leukocytes from four donors to a 1950 MHz UMTS signal 3612 

(SAR=0.5 and 2 W/kg) for 24 hours in blind conditions. Cells were then stimulated to divide and the 3613 

fluorescence in situ hybridization (FISH) technique was used with molecular probes specific for whole 3614 

chromosomes 1 and 2, which account for about 16% of the total human genome. There was no significant effect 3615 

at 0.5 W/kg while a small but statistically significant increase in exchange aberrations/cell was observed at 2 3616 

W/kg (p<0.05). Treatments with x rays as positive controls worked properly. In this study the effect of combined 3617 

exposures was also investigated. 3618 

Vijayalaxmi et al. did not find significant effects in CA and MN when human peripheral blood 3619 

samples were exposed to different RF EMF conditions in several separate investigations. (i) Cells from two 3620 

donors were exposed to 2450 MHz, CW, at an SAR of 12.5 W/kg, for 90 min delivered continuously or 3621 

intermittently (30 min on/30min off cycles) (Vijayalaxmi et al., 1997). (ii) Cells from 4 donors were exposed for 3622 

24 h to test the effect of two different modulations, FDMA at 835.6 MHz (Vijayalaxmi et al., 2001b) and CDMA 3623 

at 847.74 MHz (Vijayalaxmi et al., 2001a). The SAR values in these studies were 4.4 or 5 W/kg (835 MHz) and 3624 

4.9 or 5.5 W/kg (847 MHz), (iii) PHA stimulated (for 24 h) and unstimulated cells from 3 donors were exposed 3625 

for 2 hours to 2450 MHz (pulse width 10 µs, pulse repetition rate 10 kHz, duty factor 0.1) and 8.2 GHz (pulse 3626 

width 8 ns, pulse repetition rate 50 kHz, and duty factor 0.0004) at SARs of 2.13 and  20.71 W/kg, respectively 3627 

(Vijayalaxmi, 2006). In all the above studies, blind procedure was followed and cultures treated with gamma 3628 

rays served as positive control and gave the expected findings. Moreover, cell proliferation was also 3629 

investigated, as reported in Section 12.3.6].   3630 

In two separate studies, Hansteen and co-workers (Hansteen et al., 2009a; 2009b) investigated the 3631 

incidence of CA in stimulated human peripheral blood lymphocytes from six donors exposed for 53 h to RF 3632 

EMF. In the first study the RF exposure was at 2.3 GHz, 10 W/m
2
 power density, CW or pulsed wave (200 Hz 3633 

pulse frequency, 50% duty cycle) (Hansteen et al., 2009a). In the second study, higher frequencies were tested, 3634 

such as, 16.5 GHz, 10 W/m
2
 power density, pulsed wave (1 kHz pulse frequency, 50% duty cycle)  and 18 GHz, 3635 

1 W/m
2
 power density, CW  (Hansteen et al., 2009b). In both studies, CA frequencies were also recorded in cells 3636 

where DNA synthesis and repair were inhibited with hydroxyurea and caffeine, respectively (positive controls). 3637 

Moreover, blind procedure was followed. In all experiments RF exposure did not induce statistically significant 3638 
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increase in CA. In this study combined exposures were also carried out. [Although the authors do not mention it 3639 

clearly, the controls were sham-exposed. The authors did not include dosimetric details but provided the 3640 

necessary information so that other groups can use it for numerical analysis to repeat the study: the justification 3641 

was that from rough calculations, the assessed exposure level was close to the ICNIRP recommended safety 3642 

limits.] 3643 

Korenstein-Ilan et al. (2008) stimulated lymphocytes isolated from whole blood samples of nine 3644 

donors with PHA for 1ï6 hours, followed by exposure to 100 GHz RF EMF, CW (0.03 mW/cm
2
) for 1, 2 and 24 3645 

hours in an incubator in which CO2 levels were not controlled. The cells were then cultured in a regular 3646 

incubator with CO2. The cells collected after a total culture period of 69ï72 hours were examined for aneuploidy 3647 

of chromosomes 1, 10, 11 and 17. The results: (a) chromosomes 11 and 17 were most vulnerable (about 30% 3648 

increase in aneuploidy after 2 and 24 hours exposure; p<0.05) while chromosomes 1 and 10 were not affected, 3649 

and (b) asynchronous mode of replication of centromeres 11, 17 and 1 was increased by 40% after 2 hour 3650 

exposure and of all four centromeres by 50% after 24 hour of exposure (p<0.05). The authors mentioned that 3651 

fiber-optic sensors were used to measure the temperature difference between RF-exposed and control cells, 3652 

which never exceeded 0.3°C. In another study carried out by the same research group (Mazor et al., 2008), PHA-3653 

stimulated cells from ten donors were exposed to continuous wave 800 MHz RF EMF (SAR=2.9 or 4.1 W/kg), 3654 

for 72 hours in an incubator maintained at 36ï37°C. The observations included increased aneuploid cells 3655 

carrying chromosomes 11 and 17 at lower SAR and chromosomes 1 and 10 at higher SAR (p<0.05). Multisomy 3656 

(chromosomal gain) appears to be the primary contributor to the increase in aneuploidy. Control cells from a 3657 

separate group of four donors did not show increased aneuploid cells when cultured over the temperature range 3658 

of 33.5ï40°C. [Thus, the data in these 2 investigations showed differential effect of RF exposure on different 3659 

chromosomes. In both studies, positive controls have not been included].  3660 

In a previous study, the same research group exposed PHA-stimulated lymphocyte cultures from five 3661 

donors in blind to 830 MHz RF EMF, CW (mean SAR 1.6ï8.8 W/kg) for 72 hours in an incubator maintaining a 3662 

temperature of 33.5ï37.5 °C (Mashevich et al., 2003). Cells from a separate group of five donors were cultured, 3663 

without RF, in incubators whose temperatures ranged from 34.5ï41.0 °C: these cells served as temperature 3664 

controls. The incidence of aneuploidy of chromosome 17 was determined using an alpha-satellite DNA repeat 3665 

sequences present in its centromeric region. The data indicated a linear and SAR-dependent increase in 3666 

aneuploidy in RF exposed cells (6ï9% at SARs of 2.0ï8.2 W/kg) as compared with control cells (4ï5%). In 3667 

temperature controls, there was an increase in aneuploidy in cells kept at 40 °C (7.8%) while no such increase 3668 

was observed in cells maintained from 34.5ï38.5 °C (4.4%). [Sham samples were kept in the same incubator as 3669 

the exposed samples, but they seem not to have been in contact with the metal plates of an identical parallel-plate 3670 

resonator (i.e. a thermal mass) to that used with the exposed sample. The precision of sham-exposure is difficult 3671 

to assess since it is dependent on the internal design of the incubator. In addition, Chou and Swicord commented 3672 

that the experimental set up and the conditions used in this study would create a non-uniform heating within the 3673 

samples owing to inefficient heat exchange and that localized elevation in temperature within the sample may 3674 

well have exceeded 40 °C (Chou & Swicord, 2003). As a result, the observed increase in anueploidy of 3675 

chromosome 17 might be due to a thermal effect. However, the response from the authors was that the observed 3676 

effect was non-thermal since cells cultured at 40-41 °C showed a robust increase in aneuploidy (about 80%) 3677 

respect to controls grown at 37°C.] 3678 

Schrader et al. (2011) conducted a study using the well-established human-hamster hybrid (FC2) cells 3679 

containing a single copy of human chromosome 11. They exposed cell cultures for 30 min to RF EMF at 3680 

frequency of 900 MHz (SAR=10.7-17.2 mW/kg, E-field strengths 45 or 90 V/m). The exposure equipment had 3681 

separate electric- (E) and magnetic-field (H) components. Two experiments were carried out at room 3682 

temperature (20-22 °C) and the third at 37°C. A blind analysis was performed.  The results of pooled data were 3683 

that the E component was able to induce significantly increased spindle disturbances (p<0.05) while the H 3684 

component did not. [No positive controls were included in the study design]. 3685 

Studies not included in the analysis 3686 

Baohong et al. (2005) exposed isolated leukocytes from a healthy donor to RF EMF (1800 MHz, 3687 

GSM signal) at an SAR of 3 W/kg. Two hours of exposure did not induce SB, as assessed by the comet assay 3688 

carried out immediately after exposure and also 21 h later. In this study combined exposures were also carried 3689 

out. [The interpretation of the results reported in this study is difficult  due to the inclusion of data from one 3690 

donor only.]   3691 
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Tiwari et al. (2008) exposed whole blood from six healthy donors for 1 h to an 835 MHz CDMA 3692 

signal at an SAR of  1.17 W/kg. No effects on SB were detected with the comet assay. [In this study neither 3693 

dosimetric information nor details on the exposure system are provided. Moreover, it is not clear if the sham 3694 

controls are actually sham.]   3695 

Figueiredo et al. (2004) exposed whole blood samples from four healthy donors to 2450 MHz RF 3696 

EMF (power output 3 W) or to 10.5 GHz (power output 15 mW) for 40 sec and 5 min, respectively. After RF 3697 

exposure the cells were cultured for 48 h and the incidence of CA was recorded. No effect of exposure was 3698 

observed at any of the two frequencies investigated. In this study combined exposures were also carried out. [In 3699 

this study sham exposure is reported, although it is defined ñnegative controlò. However, exposures to 2450 3700 

MHz were performed by means of a microwave oven, while no information is reported about the exposure 3701 

system at 10.5 GHz.] 3702 

Scarfì et al. (2003) exposed whole-blood samples from nine healthy donors for 20 min to 120 and 130 3703 

GHz at 1 and 0.6 mW average power, respectively. After exposure, lymphocytes were cultured for 72 h to 3704 

determine the incidence of MN. No statistically significant differences were detected between exposed and 3705 

sham-exposed cultures. In this study cell proliferation was also investigated. [In this study no sufficient 3706 

dosimetric information is reported.]  3707 

Esmekaya et al. (2011) reported a statistically significant, time-dependent increase of SCE in cultured 3708 

lymphocytes isolated from blood of healthy donors and exposed to an 1800 MHz GSM signal for 6, 8, 24 and 48 3709 

h at an SAR of 0.21 W/kg. Cell viability and the effect of combined exposures were also evaluated. [The 3710 

relevance of this study is questionable since no proper dosimetric evaluation was performed. The SAR was 3711 

estimated by using electric field measured along the horn antenna. Moreover, the number of donors included in 3712 

the study is not clear.] 3713 

Hintzsche et al. (2011) observed statistically significant increased spindle disturbances in anaphase 3714 

and telophase of the cell division in human-hamster hybrid cells exposed for 30 min to CW 106 GHz RF EMF at 3715 

power density of 0.43 and 4.3 mW/cm
2
 (p<0.05), but not at 0.043 mW/cm

2
. However, there was no power-3716 

intensity-dependent effect. [In this study the results have been obtained from just two replicate cultures and 3717 

dosimetry is not reported.]  3718 

Tice et al. (2002) exposed whole-blood samples from two healthy donors to RF EMF at 837 MHz or 3719 

1907.8 MHz at SARs ranging from 1 to 10 W/kg, for 3 or 24 hours. The results indicated no significant effect on 3720 

SB. However, a significant increase in MN indices was observed in cells exposed for 24 h at 5 W/kg (p<0.05) 3721 

and 10 W/kg (p<0.01). The authors mentioned localized óhot-spotsô which indicated temperature variations 3722 

during RF exposure. [In this study sham exposure was mentioned as ñnegative controlò. The results reported are 3723 

uninterpretable since blood samples from one donor for each frequency was tested, therefore individual 3724 

variability is not taken into account.] 3725 

Table 12.3.1. In vitro studies assessing genotoxic effects of RF EMF exposure on human peripheral blood cells 

Cell type 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Authors 

Blood 
lymphocytes 

n=3 

SB  2450 MHz, pulsed (10 
µs pulses at 10 kHz) 

SAR 2.135 W/kg 

2 h 

No effect directly 
or at 4 h after 
exposure. 

 (Vijayalaxmi et 
al., 2000) 

Blood 
lymphocytes 

n=36 

SB  8.8 GHz, pulsed (180 ns 
pulses at 50 Hz) 

Average SAR 1600 
W/kg 

40 min 

No effect directly 
or 30 min after 
exposure. 

 (Chemeris et al., 
2006) 

Blood 
lymphocytes 

n=6 

SB  1950 MHz, UMTS 

SAR 0.5 and 2 W/kg 

24 h 

No effect. Cell viability also 
investigated. 

(Sannino et al., 
2006) 
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Blood 
lymphocytes 

n=3 

SB  1800 MHz, GSM 

Average SAR 3 W/kg 

1.5 or 4 h 

No effect. Combined exposures 
also investigated. 

(Baohong et al., 
2007) 

Blood 
lymphocytes 

n=4 

SB  1800 MHz, GSM 

Average SAR 2 W/kg 

24 h (5 min on/10 min 
off cycles) 

No effect. Combined exposures 
also investigated. 

(Zhijian et al., 
2009) 

Blood 
lymphocytes 

n=7 

chromatin 
condensation (AVTD 
assay) 

895-915 MHz, GSM 

Average SAR 5.4 
mW/kg 

30-60 min 

Increase in 
chromatin 
condensation 
after 30 min and 
1 h exposure 
from analysis of 
pooled data. 

Effect depending on 
donors and 
frequency. 

Similar results in 
transformed 
lymphocytes. 

No information on 
blinding of staff 

(Sarimov et al., 
2004) 

Blood 
lymphocytes 

n=14
a
 

chromatin 
condensation (AVTD 
assay) and 53BP1 foci 

915 MHz, GSM 

Average SAR 37 mW/kg 

2 h 

Increase in 
chromatin 
condensation 
immediately and 
2 h after 
exposure. 

Decrease in 
53BP1 foci. 

No difference 
between healthy and 
EHS donors. 

(Belyaev et al., 
2005)  

Blood 
lymphocytes 

n=10
b
 

chromatin 
condensation (AVTD 
assay)  

53BP1 and ɔ-H2AX 
foci 

905 or 915 MHz, GSM 

Average SAR 37 mW/kg 

1 h  

Increase in 
chromatin 
condensation and 
decrease of 
53BP1 and ɔ-
H2AX foci at 915 
MHz. 

No effect at 905 
MHz. 

No difference 
between healthy and 
EHS donors. 

(Markova et al., 
2005) 

Blood 
lymphocytes 

n=10
b
 

chromatin 
condensation (AVTD 
assay)  

53BP1 and ɔ-H2AX 
foci 

905, 915 MHz, GSM 

Average SAR 37 mW/kg 

1947 MHz, UMTS 

Average SAR 40 mW/kg 

24, 72 h 

Increase in 
chromatin 
condensation and 
decrease of 
53BP1 and ɔ-
H2AX foci at 915 
and 1947 MHz. 

No effect at 905 
MHz. 

No difference 
between healthy and 
EHS donors. 

(Belyaev et al., 
2009) 

Blood 
lymphocytes 

n=17 

MN, SB 120 GHz 

SAR 0.4 W/kg 

130 GHz 

SAR 0.24, 1.4, 2 W/kg 

20 min 

No effect. For cell proliferation 
see Section 12.3.6. 

(Zeni et al., 
2007b) 

 

Blood 
lymphocytes 

n=9 

SB, CA, SCE 900 MHz, GSM 

Average SAR 0.3 and 1 
W/kg 

2 h 

No effect. For cell proliferation 
see Section 12.3.6.. 

(Zeni et al., 
2005) 

Blood 
lymphocytes 

n=6 

MN, SB 1950 MHz, UMTS 

SAR 2.2 W/kg 

SB: 24 h 

MN: 24-68 h 

(6 min on/2 h off cycles)  

No effect. For cell proliferation 
see Section 12.3.6.. 

(Zeni et al., 
2008) 

Blood 
lymphocytes 

n=3 

MN, SB 1950 MHz, UMTS 

SAR 0.1 W/kg 

16 h (5 min on/10 min 
off cycles) 

No effect. Human fibroblasts 
also investigated. 

(Schwarz et al., 
2008) 
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Blood 
lymphocytes 

n=5 

MN, SB 1900 MHz, CW 

SAR 0.1-10 W/kg 

2 h 

No effect.  (McNamee et 
al., 2002b) 

Blood 
lymphocytes 

n=5 

MN, SB 1900 MHz, pulsed (1/3 
duty cycle, 50 Hz, 3.54 
W peak forward power, 
1.18 W average forward 
power) 

SAR 0.1-10 W/kg 

2 h 

No effect.  (McNamee et 
al., 2002a) 

Blood 
lymphocytes 

n=5 

MN, SB 1900 MHz, CW, pulsed 
(1/3 duty cycle, 50 Hz, 
3.54 W peak forward 
power, 1.18 W average 
forward power)  

SAR 0.1-10 W/kg 

24 h 

No effect. The results do not 
confirm the ones 
reported by Tice et al. 
(Tice et al., 2002). 

(McNamee et 
al., 2003) 

Blood 
lymphocytes 

n=10 

MN 900 MHz, GSM 

SAR 1, 5, 10 W/kg 

24 h 

No effect. For cell proliferation 
see Section 12.3.6. 

(Scarfi et al., 
2006) 

Blood 
lymphocytes 

n=5 

MN 900 MHz, GSM 

Average SAR 1.25 W/kg 

20 h 

No effect. Combined exposures 
also investigated. 

For cell proliferation 
see Section 12.3.6. 

(Sannino et al., 
2009b) 

Blood 
lymphocytes 

n=9 

MN 900 MHz, GSM 

Average SAR 1.25 W/kg 

20 h 

No effect. Combined exposures 
also investigated. 

For cell proliferation 
see Section 12.3.6. 

(Sannino et al., 
2011) 

Blood 
lymphocytes 

n=9 

MN 1950 MHz, UMTS 

SAR 0.15, 0.3, 0.6, 1.25 
W/kg 

20 h 

No effect. Combined exposures 
also investigated. 

For cell proliferation 
see Section 12.3.6. 

(Zeni et al., 
2012a) 

Blood 
lymphocytes 

n=14 

SB, CA, SCE, MN 935 MHz, GSM 

Average SAR 1,2 W/kg 

24 h  

No effect. Combined exposures 
also investigated. 

For cell proliferation 
see Section 12.3.6. 

(Stronati et al., 
2006) 

Blood 
lymphocytes 

n=4 

CA 1950 MHz, UMTS 

SAR 0.5, 2 W/kg 

24 h 

No effect at 0.5 
W/kg. 

Increase in 
exchange 
aberrations at 2 
W/kg. 

Combined exposures 
also investigated. 

(Manti et al., 
2008) 

Blood 
lymphocytes 

n=2 

CA, MN 2450 MHz, CW 

SAR 12.5 W/kg 

90 min continuous or 
intermittent (30 min 
on/30 min off cycles) 

No effect. For cell proliferation 
see Section 12.3.6.. 

(Vijayalaxmi et 
al., 1997) 

Blood 
lymphocytes 

n=4 

CA, MN 835.62 MHz, FDMA 

SAR 4.4, 5 W/kg 

24 h  

No effect. For cell proliferation 
see Section 12.3.6. 

(Vijayalaxmi et 
al., 2001b) 

Blood 
lymphocytes 

n=4 

CA, MN 847.74 MHz, CDMA 

SAR 4.4, 5 W/kg 

24 h 

No effect. For cell proliferation 
see Section 12.3.6. 

(Vijayalaxmi et 
al., 2001a) 

Blood 
lymphocytes 

n=3 

CA, MN 2450 MHz, pulsed 

SAR 2.13 W/kg 

8.2 GHz, pulsed 

SAR 20.8 W/kg 

2 h 

No effect. For cell proliferation 
see Section 12.3.6. 

(Vijayalaxmi, 
2006) 
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Blood 
lymphocytes 

n=6 

CA 2.3 GHz, CW or pulsed 
(200 Hz pulse 
frequency, 50% duty 
cycle) 

power density 10 W/m
2 

53 h 

No effect in 
proliferating and 
DNA-synthesis 
inhibited cells 

No information 
provided to perform 
numerical dosimetry 

(Hansteen et al., 
2009a) 

Blood 
lymphocytes 

n=6 

CA 16.5 GHz, pulsed (1 kHz 
pulse frequency, 50% 
duty cycle) 

power density 10 W/m
2 

53 h 

No effect in 
proliferating and 
DNA-synthesis 
inhibited cells 

No information 
provided to perform 
numerical dosimetry 

(Hansteen et al., 
2009b) 

Blood 
lymphocytes 

n=9 

aneuploidy 100 GHz, CW 

power density 0.031 
mW/cm

2 

1, 2 and 24 h 

Increase for 
chromosome 11 
and 17  

No effects for 
chromosomes 1 
and 10. 

Asynchronous 
replication of all 
chromosomes 
investigate. 

Different effect on 
different 
chromosomes. 

(Korenstein-Ilan 
et al., 2008) 

Blood 
lymphocytes 

n=10 

aneuploidy 800 MHz, CW 

SAR 2.9-4.1 W/kg 

72 h 

Increase for 
chromosome 11 
and 17 at 2.9 
W/kg  

Increase for 
chromosome 1 
and 10 at 4.1 
W/kg  

Increased 
multisomy  

Increased aneuploidy 
attributed to 
multisomy. 

(Mazor et al., 
2008) 

Blood 
lymphocytes 

n=5 

Aneuploidy of 
chromosome 17 

830 MHz, CW 

average SAR 1.6-8.8 
W/kg 

72 h 

Linear and SAR-
dependent 
increase in 
aneuploidy 

RF exposed samples 
at 37.5 °C. 

Precision of sham-
exposure difficult to 
assess 

(Mashevich et 
al., 2003) 

Human- 
hamster 
hybrid cells 

n=3 

Spindle disturbances 900 MHz, CW, GSM 

SAR 0.01-0.017 W/kg 

E: 45 or 90 V/m 

30 min 

Increased spindle 
disturbances due 
to the E 
component   

No effect of H 
component. 

Separate E and H 
components. 

(Schrader et al., 
2011) 

a
 7 healthy and 7 EHS individuals 

b
 5 healthy and 5 EHS individuals 

ñNo effectò means no statistically significant effect. 

 3726 

Other primary and cultured human cells  3727 

In several studies other primary and cultured human cells have been examined for genotoxicity 3728 

induced by RF EMF exposure. 3729 

Two studies have been carried out on amniotic cells collected during amniocentesis and two more 3730 

studies on trophoblast cells. 3731 

Bourthoumieu et al. (2010) cultured amniotic cells from four separate donors for 15 days and then 3732 

cells were exposed to a 900 MHz GSM signal (SAR=0.25 W/kg) for 24 hours. Blind examination of R-banded 3733 

chromosomes, immediately after and 24 h after RF exposure, did not reveal significant changes in the incidence 3734 

of chromosomal breaks, rearrangements, structural and numerical aberrations. Cultures treated with bleomycin 3735 

(BLM) as positive controls gave positive findings. In a subsequent study, the authors applied the same exposure 3736 

protocol on amniotic cells from three donors to test four SAR values, 0.25, 1, 2, 4 W/kg, for 24 hours 3737 

(Bourthoumieu et al., 2011). The temperature during RF exposure ranged from 36.3 ± 0.4 to 39.7 ± 0.8°C. The 3738 
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cells in interphase were hybridized with centromere-specific probes for chromosomes 11 and 17 (FISH 3739 

technique). No significances changes were observed in monosomic and trisomic cells and in the total number of 3740 

aneuploid cells. [No positive controls were included in the study]. 3741 

Valbonesi et al. (2008) observed no changes in SB in a human trophoblast cell line (HTR-8/neo) 3742 

following a 1 h exposure to a 1817 MHz GSM signal (SAR=2 W/kg) in blind conditions, as assessed by alkaline 3743 

comet assay performed in six independent experiments [In this study, gene and protein expression has also been 3744 

investigated, as reported in Section 12.3.3]. In a follow up study, the same research group investigated the effect 3745 

of longer exposure duration and different signals in the same cell model (Franzellitti et al., 2010). In particular, 3746 

in six independent experiments HTR-8/neo cells were intermittently exposed (5 min on/10 min off cycles) for 4, 3747 

16 and 24 h at 1800 MHz RF EMF, both CW and GSM modulated (basic and talk mode) in blind conditions. No 3748 

variation in SB was detected after CW exposure. GSM modulated signals induced an increase in SB following 3749 

16 and 24 h RF exposure (p<0.05). The effect was transient, since it disappeared 0.5ï2 h after RF exposure. 3750 

However, the reported increase in SB was dependent on the comet parameters analyzed. [In these papers, 3751 

hydrogen peroxide was used as positive control and induced increased SB, as expected]. 3752 

Glioblastoma and neuroblastoma cells were investigated in six studies and no significant effect of RF 3753 

exposure was detected on primary DNA damage (SB) in any of the studies. 3754 

In two separate studies, Malyapa and co-workers exposed exponentially growing U87MG 3755 

glioblastoma cells to RF EMF for 2, 4 and 24 h to evaluate the induction of SB by applying the comet assay. In a 3756 

first study (Malyapa et al., 1997a) cell cultures were exposed to 2450 MHz, CW, at an SAR of 0.7 W/kg (three 3757 

independent experiments). In the second investigation (Malyapa et al., 1997b) two types of frequency 3758 

modulations were studied: frequency-modulated continuous-wave (FMCW), with a carrier frequency of 835.62 3759 

MHz, and code-division multiple-access (CDMA) centered on 847.74 MHz, both at mean SARs of 0.6 W/kg 3760 

(three independent experiments). No significant effect was detected when RF-exposed cells were compared with 3761 

their respective sham-controls. The studies were carried out in blind conditions and exposure to gamma rays 3762 

were used as positive controls and induced SB. Both exposure conditions were also applied to evaluate the effect 3763 

of RF EMF exposure on murine cell lines (see next section for details).  3764 

Miyakoshi et al. (2002) did not find an effect on SB in MO54 glial cells derived from a patient with 3765 

brain tumor when exposed to 2450 MHz RF EMF, CW, at SARs of 50 and 100 W/kg for 2 hours (three 3766 

independent experiments). Cultures exposed to x rays served as positive controls. The same research group 3767 

evaluated the effects of 2 and 24 h exposure to RF from mobile radio base stations employing the International 3768 

Mobile Telecommunication 2000 (IMT-2000) cellular system at 2.1425 GHz in two cell lines, A172 3769 

glioblastoma and normal IMR-90 fibroblasts from fetal lungs (Sakuma et al., 2006). A172 cells were exposed to 3770 

a Wideband Code Division Multiple Access (W-CDMA) modulated signal at SARs of 80, 250, and 800 mW/kg 3771 

and CW radiation at 80 mW/kg, while IMR-90 cells were exposed to both W-CDMA and CW at a SAR of 80 3772 

mW/kg (three independent experiments for each condition tested). No significant differences in SB were 3773 

observed between the exposed and the sham exposed controls, as evaluated in blind immediately after the 3774 

exposure by alkaline comet assay. In positive controls (cultures treated with MMS) a significant increase in SB 3775 

was recorded. [In this paper numerical dosimetry is not reported, while experimental dosimetry has been carried 3776 

out.] 3777 

Luukkonen et al. (2009) exposed SH-SY5Y neuroblastoma cells for 1 h to 872 MHz RF EMF, CW 3778 

and GSM signal, (SAR=5 W/kg). The results from three independent experiments performed in blind  indicated 3779 

no significant difference in SB compared to sham-exposed cultures. Treatments with menadione served as 3780 

positive controls. In a further study (Luukkonen, Juutilainen & Naarala, 2010) the authors applied the same 3781 

protocol but the exposure duration was 3 h and positive controls were obtained by treating cell cultures with 3782 

MMS. Also in this case no significant changes in SB were detected (4 experiments in blind). [In both studies 3783 

oxidative stress was also investigated, as reported in Section 12.3.5. Moreover, combined exposures were carried 3784 

out.] 3785 

Lens epithelial cell cultures were exposed to intermittent (5 min on/10 min off cycles) GSM 1800 3786 

MHz RF EMF (SAR=1, 2, 3, 4 W/kg) for 2 hours by Yao et al. (2008a). In three independent experiments, a 3787 

significant increase in single SB was observed at SARs of 3 and 4 W/kg (p<0.001), while no differences were 3788 

detected on double SB, as assessed by ɔ-H2AX foci formation. Induction of DSB was detected in positive 3789 

controls, treated with 4-nitroquinoline-1-oxide (4NQO). In this study (also reported in Section 6.4.2 Ocular 3790 

functions, and 12.3.5 Oxidative stress) and the effect of combined exposures were also investigated.  3791 
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Lymphoblastoid cells were employed in four studies. Phillips et al. (1998) exposed Molt-4 3792 

lymphoblastoid cells to RF EMF at a frequency of 813.56 MHz (iDEN signal, SAR=2.4 and 24 W/kg) or 836.55 3793 

MHz (TDMA signal, SAR=2.6 and 26 W/kg ) for 2, 3 or 21 hours. At lower SARs, there was a significant 3794 

decrease in SB at 2 and 21 hours (p<0.01) but not at 3 hours. At higher SARs, depending on the type of RF 3795 

signal, power intensity and duration of exposure, significant increases as well as significant decreases in SB were 3796 

observed (p<0.001). The number of experiments for each condition varied from one to eight. [No positive 3797 

controls were included in the study]. 3798 

 In a replication study, Hook et al. (2004b) used the same Molt-4 cells, and the same as well as other 3799 

RF signals under the same and higher SAR. In particular, they exposed cells for 2, 3 or 21 h to RF EMF as 3800 

follows: a) 847.74 MHz, CDMA, SAR=3.2 W/kg; b) 835.62 MHz, FDMA, SAR=3.2 W/kg; c) 813.56 MHz, 3801 

iDEN, SAR=2.4 and 24 W/kg; d) 836.55 MHz, TDMA, SAR=2.6 and 26 W/kg. The data, from three 3802 

independent experiments for each condition, showed no significant differences on SB between sham-treated cells 3803 

and cells exposed to RF radiation for any frequency, modulation or exposure time. Cultures exposed to gamma 3804 

rays as positive control gave positive findings. Therefore, the results from the original study were not confirmed. 3805 

[In this study the induction of apoptosis was also investigated, as reported in Section 12.3.4]. 3806 

Two more recent studies failed to find effects of RF EMF on primary DNA damage. Huang et al. 3807 

(2008a) did not find an effect on SB in T-lymphoma-derived (Jurkat) cells exposed for 1, 4 and 24 h to 1763 3808 

MHz CDMA-modulated RF EMF (SAR=10 W/kg), as assessed in three independent experiments performed in 3809 

blind. Positive controls (cultures exposed to gamma rays) gave positive findings. [This study has also been 3810 

reported in Sections 10.3 (immune system and haematology), 12.3.2 (signal transduction), 12.3.3 (gene and 3811 

protein expression) and 12.3.6 (cell proliferation).] 3812 

 Zhijian et al. (2010) also failed to find any effect on SB when human HMy2-CR lymphoblastoid B-3813 

cells were intermittently (5 min on/10 min off cycles) exposed in blind to RF EMF at 1800 MHz, GSM 3814 

modulated (SAR=2 W/kg) for 6, 12, 18 and 24 hours (four independent experiments). Positive controls were 3815 

treated with BLM and gave positive findings. In this study the effect of combined exposure was also 3816 

investigated. 3817 

Skin fibroblasts cultures, established from a 6 year old boy (ES-1 cells), were employed by several 3818 

authors to evaluate the effect of RF exposure in terms of SB and/or MN. 3819 

Schwartz et al. (2008) exposed ES-1 cells to a continuous and intermittent 1950 MHz UMTS signal, 3820 

for 24 h at SAR values of 0.05, 0.1, 0.5, 1 and 2 W/kg. Moreover, cells were also exposed at 0.1 W/kg for 4, 8, 3821 

12, 16, 20, 24 and 48 hours. The tail factor (TF) analysis and the evaluation of MN frequency indicated 3822 

significant increases in SB and centromere-negative MN (p=0.02) for all the SARs investigated when 3823 

intermittent exposures were performed. Moreover, the effect resulted dependent from the exposure duration 3824 

(after 8 and 12 h exposure, for SB and MN, respectively; p=0.02. No effects were detected for short exposure 3825 

duration). In a further set of experiments the authors confirmed these findings on fibroblast cultures from three 3826 

different donors, but not on short-term lymphocyte cultures from three donors (see previous section on human 3827 

lymphocytes). Positive controls were treated with UV and vincristine for SB and MN, respectively, and gave 3828 

positive findings. [The TF, a surrogate marker for SB, was made-up by arbitrary transformation of the comets 3829 

(collected manually and subjectively) into A, B, C, D and E categories giving their weights as Ax2.5, Bx12.5, 3830 

Cx30.0, Dx67.5 and Ex97.5. In a letter to the editor, other researchers (Lerchl, 2009; Lerchl & Wilhelm, 2010; 3831 

Tuffs, 2008; Vijayalaxmi, McNamee & Scarfi, 2006) have expressed concern about the data reported in this and 3832 

the other publication reported by Diem et al. (2005) (see section ñStudies not included in the analysisò) regarding 3833 

the use of tail factor method, low standard deviations, low inter-individual differences and inappropriate 3834 

statistical analysis. The response from the authors was that they believe in the results obtained since the 3835 

experiments were carried out in blind conditions and microscope slides were scored by the same operator 3836 

(Rüdiger, Kratochvil & Pilger, 2006; Rüdiger, 2009a; b). Cell proliferation was also investigated, as reported in 3837 

Section 12.3.6]. 3838 

Speit et al. (2007) performed an independent replication of the Diem et al. (2005) study, also using 3839 

ES-1 skin fibroblasts, continuous and intermittent (5 min on/10 min off cycles) 1800 MHz RF EMF (CW; 3840 

SAR=2 W/kg) exposure in the same exposure equipment supplied by the same company and the same laboratory 3841 

protocols. Some of the authors of the original investigation participated in the study. After 1, 4 and 24 h 3842 

exposure the TF method as well as computerized image analysis was utilized to examine the SB. An additional 3843 

MN end-point was also included in the experiments. The data from three independent experiments, performed in 3844 

blind, indicated no significant effect on both SB and MN. Cultures exposed to gamma rays were included as 3845 
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positive controls and gave positive findings. Thus the original results were not confirmed. In this investigation 3846 

the effect of RF-EMF exposure was also investigated in animal cells.  3847 

Skin fibroblasts and stem cells were investigated in three more papers. Sannino et al. (2009a) used 3848 

skin cells established from healthy individuals as well as from subjects affected by Turnerôs syndrome (a genetic 3849 

disorder associated with a chromosomal imbalance). Cell cultures were exposed in blind to a 900 MHz GSM 3850 

signal (SAR=1 W/kg) for 24 hours. There was no significant effect on SB and MN in both cell types with respect 3851 

to sham-exposed controls (three independent experiments for each cell type). On the contrary, in cultures treated 3852 

with MMC as positive control an increase in both SB and MN was detected. In this study cell proliferation was 3853 

also investigated, as reported in Section 12.3.6. Moreover, combined exposures were carried out. 3854 

Hintzsche et al. (2012a) exposed primary dermal fibroblasts (HDF) and a keratinocyte cell line  3855 

(HaCaT) to 106 GHz EMF with power densities between 0 and 0.88 mW/cm
2
 for 2, 8 and 24 h to evaluate SB 3856 

(comet assay) and chromosomal damage (MN assay). The RF EMF exposures and sham-exposures were carried 3857 

out in a modified incubator at defined environmental conditions. In a separate set of experiments, cells were also 3858 

exposed to higher power intensities of 2 mW/cm
2
. The results of three independent experiments, performed in 3859 

blind, showed neither SB nor MN increase in RF-exposed cultures compared with sham-exposed ones. Positive 3860 

controls, treated with MMS, gave positive findings. In this study cell proliferation was also investigated, as 3861 

reported in Section 12.3.6. [From the sham-exposure description, it can be argued that sham-exposure was 3862 

subsequent to RF exposure.] 3863 

Markova et al. (2010) confirmed and extended their previous results on human lymphocytes (Belyaev 3864 

et al., 2009) to VH-10 fibroblasts and mesenchymal stem cells (MSCc). They exposed cells to GSM 905 and 915 3865 

MHz signals (SAR=37 mW/kg) or a 1947.4 MHz UMTS signal (SAR=39 mW/kg). The exposures were either 3866 

acute for 1, 2 and 3 hours or chronic for 1 hour per day, 5 days per week for 10 days. There was a significant 3867 

decrease in 53BP1 foci in 915 and 1947 MHz exposed cells (p<0.01 and p<0.0001 for VH-10 and MSC cells, 3868 

respectively) after 1 h exposure, but not in cells exposed to 905 MHz (acute exposures). Chronic exposures also 3869 

decreased foci formation in MSCc (p<0.05) but not in VH-10 fibroblasts. For each cell line three to five 3870 

independent experiments were performed in blind. Positive controls have been included in the study (cultures 3871 

exposed to gamma rays) and worked properly. 3872 

Studies not included in the analysis 3873 

Hintzsche et al. (2012b) did not observe significant effects on MN in keratinocytes (HaCaT cells) 3874 

exposed to RF EMF at 900 MHz, CW, at 5, 10, 30 or 90 V/m for 30 min and 22 h (three independent 3875 

experiments). The same experimental conditions failed to induce effects also in human-hamster hybrid cells. In 3876 

this study cell proliferation was also investigated.  [No dosimetry has been carried out. The results are reported 3877 

as a function of the E field strength.]  3878 

Lixia et al. (2006) exposed immortalized lens epithelial cells (hLEC) to 1800 MHz GSM-modulated 3879 

RF EMF SARs of 1ï3 W/kg. DNA SB and their repair were measured immediately after 2 h exposure and at 3880 

incubation times of 30, 60, 120 and 240 min post-exposure, respectively. By comparing exposed and sham-3881 

exposed cells the comet assay revealed no differences in SB at 1 and 2 W/kg, while a significant increase was 3882 

observed at 3 W/kg SAR immediately after RF exposure and after 30 min incubation (p<0.05). There was no RF 3883 

exposure effect in DNA repair rate assessed at 30, 60, 120 and 240 minutes after RF exposure. The increase in 3884 

SB observed at an SAR of 3 W/kg was reduced at 30 minutes and returned to control levels in 2 hours. In this 3885 

study the expression of HSPs and cell proliferation have been also investigated. [The number of independent 3886 

experiments carried out is not reported, although statistical analysis was performed]. 3887 

Diem et al. (2005) exposed ES-1 cells to continuous and intermittent (5 min on/10 min off cycles) RF 3888 

EMF at 1800 MHz. The field was either CW (SAR=2 W/kg) or with two different types of modulation, GSM 3889 

basic (2 W/kg) and GSM talk (1.2 W/kg), for 4, 16 and 24 h. The results from the comet assay were analyzed in 3890 

terms of ñtail factorò (TF). The conclusions were: (a) a significant increase in TF after 16 hour exposure 3891 

(p<0.01) with no further increase after 24 hours exposure, (b) intermittent exposure produced a stronger effect 3892 

than continuous exposure, and (c) the induced DNA damage cannot be based on thermal effects. The same 3893 

protocol was also applied to expose rat granulosa cells (as reported in the section on animal cells). [In this study 3894 

the number of independent experiments carried out is not reported]. 3895 

Table 12.3.2. In vitro studies assessing genotoxic effects of RF EMF exposure on other primary and cultured human 
cells 
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Cell type 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Authors 

Amniotic cells 

n=4 

CA  900 MHz, GSM 

Average SAR 0.25 
W/kg 

24 h 

No effect on 
breaks, 
rearrangements, 
structural/numerical 
aberrations, soon 
after and 24 h post 
exposure. 

 (Bourthoumieu 
et al., 2010) 

Amniotic cells 

n=3 

Aneuploidy 
(chromosome 11 and 
17) 

900 MHz, GSM 

Average SAR 0.25, 1, 
2, 4 W/kg 

24 h 

No effect for any of 
the tested SAR. 

No information on 
blinding of staff 

(Bourthoumieu 
et al., 2011) 

Trophoblast cell 
line (HTR-
8/neo) 

n=6 

SB 1817 MHz, GSM 

Average SAR 2 W/kg 

1 h 

No effect. For gene expression 
and cell proliferation 
see Section 12.3.3 
and 12.3.6 

(Valbonesi et 
al., 2008) 

Trophoblast cell 
line (HTR-
8/neo) 

n=6 

SB 1800 MHz, CW and 
GSM 

SAR 2 W/kg 

4, 16, 24 h (5 min 
on/10 min off cycles) 

No effect at 4 h RF 
exposure. 

Transient increase 
at 16 and 24 h that 
reverted after 0.5-
2h. 

SB increase on the 
base of the comet 
parameter analysed. 

 

(Franzellitti et 
al., 2010) 

Glioblastoma 
U87MG cells 

n=3 

SB  2450 MHz, CW 

SAR 0.7 W/kg 

2, 4, 24 h 

No effect. Murine cells also 
investigated. 

(Malyapa et al., 
1997a) 

Glioblastoma 
U87MG cells 

n=3 

SB  835.62 MHz, FMCW 

847.74 MHz, CDMA 

Average SAR 0.6 W/kg 

2, 4, 24 h 

No effect. Murine cells also 
investigated. 

(Malyapa et al., 
1997b) 

Brain tumor 
MO54 glial cells 

n=3 

SB 2450 MHz, CW 

SAR 50, 100 W/kg 

2 h 

No effect. No information on 
blinding of staff 

(Miyakoshi et 
al., 2002) 

Glioblastoma 
A172 cells 

n=3 

 

normal IMR-90 
fibroblasts 

n=3 

SB 2.142 GHz, W-CDMA,  

SAR 80, 250, 800 
mW/kg 

CW, SAR 80 mW/kg 
(A172) 

2, 24 h 

2.142 GHz, W-CDMA, 
or CW 

SAR 80 mW/kg (IMR-
90) 

2, 24 h 

No effect.  (Sakuma et al., 
2006) 

Neuroblastoma 
SH-SY5Y cells 

n=3 

SB 872 MHz, CW and 
GSM 

SAR 5 W/kg 

1h 

No effect. For oxidative stress 
see Section 12.3.5 

Combined exposures 
also investigated. 

(Luukkonen et 
al., 2009) 

Neuroblastoma 
SH-SY5Y cells 

n=4 

SB 872 MHz, CW and 
GSM 

SAR 5 W/kg 

3h 

No effect. For oxidative stress 
see Section 12.3.5 

Combined exposures 
also investigated. 

(Luukkonen, 
Juutilainen & 
Naarala, 2010) 
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Lens epithelial 
cells  

n=3 

SB, Ư-H2AX foci 1800 MHz, GSM 

Average SAR 1, 2, 3, 4 
W/kg 

2 h (5 min on/10 min 
off cycles) 

Increased single 
SB at 3 and 4 
W/kg. 

No effects on 
double SB (ɔ-H2AX 
foci). 

For ocular functions 
and oxidative stress 
see section 6.4.2. and 
12.3.5 

Combined exposures 
also investigated 

No information on 
blinding of staff 

(Yao et al., 
2008a) 

Lymphoblastoid 
Molt-4 cells 

n=1-8 

SB 813.56 MHz, iDEN 

SAR 2.4, 24 W/kg 

836.55 MHz, TDMA 

SAR 2.6, 26 W/kg 

2, 3, 21 h 

Significant increase 
or decrease in SB 
(p<0.01) 

No information on 
blinding of staff 

(Phillips et al., 
1998) 

Lymphoblastoid 
Molt-4 cells 

n=3 

SB 813.56 MHz, iDEN 

SAR 2.4, 24 W/kg 

836.55 MHz, TDMA 

SAR 2.6, 26 W/kg 

847.74 MHz, CDMA 

835.62 MHz, FDMA 

SAR 3.2 W/kg 

2, 3, 21 h 

No effect. Repetition study of 
Phillips et al. (Phillips 
et al., 1998). 

For apoptosis see 
Section 12.3.4 

No information on 
blinding of staff 

(Hook et al., 
2004b) 

T-lymphoma 
derived (Jurkat) 
cells 

n=3 

SB 1763 MHz, CDMA 

SAR 10 W/kg 

1, 4, 24 h 

No effect. For gene expression 
and cell proliferation 
see section 12.3.3 
and 12.3.6. 

(Huang et al., 
2008a) 

HMy2-CR 
lymphoblastoid 
B-cells 

n=4 

SB 1800 MHz, GSM 

Average SAR 2 W/kg 

6, 12, 18, 24 h (5 min 
on/10 min off cycles) 

No effect. Combined exposures 
also investigated. 

(Zhijian et al., 
2010) 

Skin fibroblasts 
from 3 donors 
n=3 

 

SB, MN 1950 MHz, UMTS 

SAR 0.05-2 W/kg 

24 h 

SAR 0.1 W/kg  

4-48 h (continuous and 
5 min on/10 min off 
cycles) 

Increased SB at 
0.05 and 1 W/kg, 
no further increase 
at 1 and 2 W/kg. 

Time-dependent 
effect for SB (up to 
8 h) and MN (up to 
12 h). 

Manual scoring (TF). 

Human lymphocytes 
also investigated. 

Controversial data. 

For cell proliferation 
see Section 12.3.6 

 

(Schwarz et al., 
2008) 

Skin fibroblasts 
(ES-1) 

n=3 

SB, MN 1800 MHz, CW 

SAR 2 W/kg 

1, 4, 24 h (continuous 
and 5 min on/10 min 
off cycles) 

No effect. Replication study of 
(Diem et al., 2005). 

Animal cells also 
investigated. 

(Speit, Schütz 
& Hoffmann, 
2007) 

Skin fibroblasts 
from healthy 
and Turnerôs 
syndrome 
donors 

n=3 

SB, MN 900 MHz, GSM 

Averager SAR 1 W/kg  

24 h 

No effect. For cell proliferation 
see Section 12.3.6 

Combined exposures 
also investigated. 

(Sannino et al., 
2009a) 

Primary dermal 
fibroblast 

Keratinocyte 
cell line 
(HaCaT) 

n=3  

SB, MN 106 GHz 

0-2 mW/cm
2
 

No effect. For cell proliferation 
see Section 12.3.6 

 

(Hintzsche et 
al., 2012a) 
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Diploid 
fibroblasts  (VH-
10) 

Mesenchimal 
stem cells 
(HMSc) 

n=3-5 

53BP1 foci 905, 915 MHz, GSM 

SAR 37 mW/kg 

1947.4 MHz, UMTS 

SAR 39 mW/kg 

1-3 h  

1 h/day for 2 weeks 

Inhibition of foci 
formation (DSB) at 
915 and 1947.4 
MHz in VH-10 and 
MSC cells after 1 h 
exposure. No effect 
at 905 MHz. 

Inhibition of foci 
formation after 
chronic exposures 
in MSC but not in 
VH-10 cells.  

Follow-up study of 
(Belyaev et al., 2009). 

(Markova, 
Malmgren & 
Belyaev, 2010) 

ñNo effectò means no statistically significant effect. 

 3896 

12.3.1.2 Animal cells 3897 

The studies reported and discussed below have been carried out using the cells of rodent origin. In 3898 

several such studies mouse fibroblasts (C3H 10T1/2 cells) have been investigated (in some studies the effect of 3899 

RF EMF in human cells has been also evaluated, and the details have been reported in the previous section). 3900 

In two separate studies, Malyapa and co-workers exposed C3H 10T1/2 cells to RF EMF to evaluate 3901 

the induction of SB using the comet assay. The experiments were performed in blind. In a first study (Malyapa et 3902 

al., 1997a)  exponentially growing cell cultures were exposed to 2450 MHz, CW, (SAR=0.7 W/kg and 1.9 W/kg; 3903 

three independent experiments) for 2, 4 and 24 h. The extent of SB was assessed immediately after exposure; 3904 

moreover, after 2-h exposure SB were also measured at 4 h post-exposure to assess DNA repair.  In the second 3905 

investigation (Malyapa et al., 1997b) two types of frequency modulations were studied in both exponential-phase 3906 

and plateau-phase cell cultures. The latter condition was used to simulate in vivo conditions for non- 3907 

proliferating (plateau) cells. Frequency-modulated continuous-wave (FMCW), with a carrier frequency of 3908 

835.62 MHz, and code-division multiple-access (CDMA) centered on 847.74 MHz (SAR=0.6 W/kg; three 3909 

independent experiments) RF EMF were used for 2, 4 and 24 h exposures; moreover, cells exposed for 2 h were 3910 

also tested for DNA repair at 4 h post-exposure. No significant effect was detected when RF EMF-exposed cells 3911 

were compared with their respective sham-controls in any of the experimental conditions tested. In both studies, 3912 

cells exposed to gamma rays served as positive controls and gave positive findings. [These results do not 3913 

confirm the induction of SB reported by Lai and Singh in in vivo studies](Lai & Singh, 1995; 1996). The above 3914 

described exposure conditions were also applied to evaluate the effect of RF EMF exposure on human 3915 

glioblastoma cell lines (see previous section for details)]. 3916 

The discrepancy between the results on SB reported by Lai and Sing (1995; 1996) and those of 3917 

Malyapa et al. (Malyapa et al., 1997a; b) could be due to the presence of RF-induced DNA-DNA or DNA-3918 

proteins crosslinks. To clarify this, Lagroye et al. (2004) exposed C3H 10T1/2 cells to RF EMF at 2450 MHz, 3919 

CW, for 2 h at an SAR of 1.9 W/kg (the highest used in the Malyapa investigations) in blind. The experimental 3920 

protocol included exposure to gamma rays to induce SB (positive controls) and treatment with proteinase K to 3921 

digest crosslinked proteins. No effects of RF EMF exposure were detected for any of the experimental conditions 3922 

(three to four independent experiments). Positive controls worked properly. 3923 

Li et al. (2001) also performed experiments with exponentially growing and plateau phase C3H 3924 

10T1/2 cells. The exposures were carried out to 835.62 or 847.74 MHz RF (FDMA or CDMA signals 3925 

respectively, at average SAR of 3.8 W/kg) for 2 and 4 h (blind experiments). The extent of SB was evaluated 3926 

immediately after exposure and, in the case of 2 h RF exposure, at 4 h post-exposure. The effect of 24 h 3927 

exposure was investigated at SAR values of 4.9 and 5.1 W/kg for CDMA and FDMA signals, respectively. No 3928 

significant effects on SB and DNA repair were detected for any of the experimental conditions tested, as 3929 

assessed in three independent experiments. [No positive controls have been included. This study does not 3930 

confirm the results reported by Phillips et al. (1998) on lymphoblastoid Molt-4 cells (see previous section)]. 3931 

Absence of effects in terms of MN was reported by Bisht et al. (2002). They employed the same 3932 

exposure conditions tested by Li et al. (2001) in terms of frequency, signals and SAR to expose exponentially 3933 

growing and in plateau phase C3H 10T1/2 cells for 3, 8, 16, and 24 hours (three independent experiments, 3934 

performed in blind). Cells exposed to gamma rays served as positive control and gave positive findings. 3935 
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Huang et al. (2008b) exposed a mouse auditory hair cell line (HEI-OC1) to 1763 MHz CDMA-3936 

modulated RF EMF (SAR=20 W/kg) for 6, 24 and 48 h. No changes in SB were observed in three independent 3937 

experiments following RF exposure. [Positive controls were not included in the study design. This paper has also 3938 

been reported in Section 6.4.1 auditory function, 12.3.2 signal transduction, 12.3.3 gene and protein expression, 3939 

12.3.6 cell proliferation].   3940 

Kumar et al. (2011) excised femur and tibia bones from 11 rats and exposed them in blind for 30 min 3941 

to 900 MHz RF EMF, CW (SAR=2 W/kg). No significant changes were observed in SB in bone marrow cells 3942 

extracted from such bones compared to sham-exposed controls. Positive controls, treated with concanavalin-A 3943 

gave the expected increase in SB. [In this study, erythrocyte maturation and cell proliferation and were also 3944 

investigated, as reported in Section 10.3 and 12.3.6].  3945 

Zeni et al. (2012b) failed to find changes in SB in rat neuronal cells (PC12) exposed in blind for 24 h 3946 

to a 1950 MHz UMTS signal (SAR=10 W/kg), in three independent experiments. Positive controls treated with 3947 

MMS worked properly. [In this study, apoptosis was also investigated, as reported in Section 12.3.4]. 3948 

The investigation carried out by Speit et al. (2007) on ES-1 human skin fibroblasts (see section on 3949 

human cells) aimed to replicate the experiments of Diem et al. (2005) also included V79 rodent cells. The cells 3950 

were intermittently (5 min on/10 min off cycles) exposed in blind to 1800 MHz RF EMF (CW; SAR=2 W/kg) 3951 

for 1, 4 and 24 h. After an additional18 h cultivation, MN and SB were evaluated. Moreover, MN frequency was 3952 

also measured immediately after 18 h RF-exposure. As for human fibroblasts, the data on V79 cells from three 3953 

independent experiments indicated no significant effect on both SB and MN. In positive controls, exposed to 3954 

gamma rays, SB and MN resulted increased, as expected.   3955 

Kim et al. (2008) in two independent experiments reported no significant effect on SB and CA in 3956 

mouse L5178Y TK+/- lymphoma cells exposed to CW 835 MHz RF EMF (SAR=4 W/kg). The exposure was for 3957 

24 h (CA) or 48 h (CA and SB). Treatments with cyclophosphamide (CPA) or 4NQO served as positive controls 3958 

and resulted in a significant increase in both CA and SB. In this study, the effect of combined exposures was also 3959 

investigated.  3960 

Nikolova et al. (2005) examined SB, CA and SCE in mouse neural progenitor stem cells exposed to 3961 

intermittent (5 min on/30 min off cycles) 1710 MHz GSM fields (average SAR=1.5 W/kg), for 6 and 48 hours. 3962 

In six independent experiments a small but statistically significant increase in SB (p<0.05) was observed only at 3963 

6 h, that disappeared after a further incubation period of 18 h. No effect was detected immediately after 48 h 3964 

exposure and 24 and 48 h later. No effects were detected in terms of CA and SCE. [As also stated by the authors, 3965 

the increase in SB was transient. Positive controls have not been included in the study design. This study has also 3966 

been described in Section 12.3.2 signal transduction, 12.3.3 gene and protein expression, 12.3.4 apoptosis and 3967 

12.3.6 cell proliferation].  3968 

Koyama et al. reported the data from three separate investigations carried out on Chinese hamster K1 3969 

(CHO-K1) cells exposed to CW 2450 MHz RF EMF in different conditions. For each study, three independent 3970 

experiments were carried out in blind and treatments with BLM as positive controls gave positive results. In the 3971 

first study (Koyama et al., 2003) the incidence of MN was evaluated using kinetochore method in cells exposed 3972 

for 18 hours at SARs of 13, 39, 50, 78 and 100 W/kg. A statistically significant increase in MN frequency 3973 

(p<0.01) was detected in cells exposed to SAR values higher than 50 W/kg. However, cells exposed to 39°C 3974 

temperature alone for 18 hours also showed increased MN. In the second study (Koyama et al., 2004) CHO-K1 3975 

cells were exposed for 2 hours at SARs of 5, 10, 20, 50, 100 and 200 W/kg and a significant increase in MN was 3976 

observed in cells exposed at 100 and 200 W/kg SAR (p<0.01). In the third investigation (Koyama et al., 2007) 3977 

the latter experimental conditions were tested to evaluate mutation (MUT) frequency at hypoxanthine-guanine 3978 

phosphoribosyl transferase (HPRT) locus. A statistically significant increase in MUT frequency was detected 3979 

after exposure at an SAR of 200 W/kg (p<0.05). [As also stated by the authors, a thermal effect may be possible 3980 

in samples exposed at high SARs]. 3981 

Xu et al. (2010) dissected cortical neurons from newborn rats and after 8 days of culturing they were 3982 

exposed to an 1800 MHz GSM signal (SAR=2 W/kg) for 24 hours (5 min on/10 min off cycles). Four hours 3983 

before RF exposure the cells were treated with melatonin. The levels of 8-OHdG adducts, a common biomarker 3984 

for oxidative damage, were examined in mitochondrial DNA (mtDNA). RF exposure alone induced a significant 3985 

increase in adducts with a concomitant decrease on mtDNA copy numbers and mitochondrial RNA transcripts 3986 

(p<0.01), as reported in three independent experiments performed in blind. Each of these disturbances in mtDNA 3987 

was reversed in cells pre-treated with melatonin. Positive controls treated with hydrogen peroxide gave positive 3988 
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findings. [Although the authors do not call it ñshamò the control is actually a sham. This study has also been 3989 

presented in section 12.3.5 (oxidative stress).] 3990 

Studies not included in the analysis 3991 

Campisi et al. (2010) exposed astroglial cells from newborn rat brains for 5, 10 or 20 min to 900 MHz, 3992 

CW or amplitude modulated at 50 Hz, at the same power density of 0.26 W/m
2
 (no SAR reported). A significant 3993 

increase in SB (p<0.001) was observed after modulated exposure for 20 min. No effects were detected when 3994 

shorter exposure duration or CW were used (five independent experiments). In this investigation the effect of RF 3995 

exposure on cell viability and reactive oxygen species were also evaluated. [The absence of dosimetry makes the 3996 

results of this study uninterpretable.]  3997 

Komatsubara et al. (2005) examined the incidence of CA in murine m5S skin fibroblasts exposed to 3998 

CW 2450 MHz fields (SAR=5, 10, 20, 50, 100 W/kg) or pulsed waves for 2 hours. In the latter case, cells were 3999 

exposed to a peak SAR of 900 W/kg for 1 s, followed by resting intervals of 17 or 8 s resulting in average SARs 4000 

of 50 or 100 W/kg, respectively. There was no significant effect in exposed cells compared to sham exposed 4001 

ones for all the conditions tested, although after 2 h exposure temperature increased to 39 °C and 41 °C, in 4002 

samples exposed to 50 W/kg and 100 W/kg, respectively. [The results reported in this paper seem to refer to just 4003 

one experiment, although the authors claimed that statistical analysis has been carried out.] 4004 

Diem et al. (2005) exposed SV40-transformed rat granulosa cells to continuous and intermittent (5 4005 

min on/10 min off cycles) RF EMF at 1800 MHz. The field was either without modulation (CW, SAR=2 W/kg) 4006 

or with two different types of modulation, GSM basic (SAR=2 W/kg) and GSM Talk (SAR=1.2 W/kg), for 4, 16 4007 

and 24 h exposure. The results from the comet assay were expressed as ñtail factorò. A significant increase in TF 4008 

was detected after 16 hour exposure (p<0.01) with no further increase after 24 hours exposure. Moreover, 4009 

intermittent exposure produced a stronger effect than continuous exposure. The same protocol was also applied 4010 

to expose human skin fibroblasts (as reported in the section on human cells). [In this study the number of 4011 

independent experiments carried out was not reported. The results of this study have been criticized by several 4012 

authors, as reported in the section on human cells.] 4013 

Table 12.3.3. In vitro studies assessing genotoxic effects of RF EMF exposure on cell cultures of animal origin 

Cell type 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Authors 

mouse 
fibroblasts 
(C3H 10T1/2 
cells) 

n=3 

SB, DNA repair 2450 MHz, CW 

SAR 0.7, 1.9 W/kg  

2, 4, 24 h 

No effect on SB. 

No effect on DNA 
repair in cells 
exposed for 2 h 
and incubated for 
additional 4 h. 

Human cells also 
investigated. 

(Malyapa et al., 
1997a) 

mouse 
fibroblasts 
(C3H 10T1/2 
cells) 

n=3 

SB, DNA repair 835.62, FMCW 

847.74, CDMA  

Average SAR 0.6 W/kg 

2, 4, 24 h 

No effect on SB. 

No effect on DNA 
repair in cells 
exposed for 2 h 
and incubated for 
additional 4 h. 

Human cells also 
investigated. 

(Malyapa et al., 
1997b) 

mouse 
fibroblasts 
(C3H 10T1/2 
cells) 

n=3-4 

SB, crosslinks 2450 MHz, CW 

SAR 1.9 W/kg 

2 h 

No effect. Repetition study 
of (Malyapa et al., 
1997a; b). 

(Lagroye et al., 
2004) 

mouse 
fibroblasts 
(C3H 10T1/2 
cells) 

n=3 

SB, DNA repair 835.62 MHz, FDMA 

847.74 MHz, CDMA 

Average SAR 3,8 W/kg 

2 , 4h 

Average SAR 4.9-5.1 
W/kg 

24 h  

No effect on SB. 

No effect on DNA 
repair in cells 
exposed for 2 h 
and incubated for 
additional 4 h. 

Repetition study 
of (Phillips et al., 
1998). 

(Li et al., 2001) 
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mouse 
fibroblasts 
(C3H 10T1/2 
cells) 

n=3 

MN 835.62 MHz, FDMA 

847.74 MHz, CDMA 

Average SAR 3.2 - 5.1 
W/kg 

3, 8, 16, 24 h 

No effect.  (Bisht et al., 
2002) 

HEI-OC1 
Mouse   
auditory  hair 
cells  

n=3 

SB 1763 MHz, CDMA 

SAR 20 W/kg 

6, 24, 48 h 

No effect. For auditory 
function, signal 
transduction, 
gene and protein 
expression and 
proliferation see 
Section 6.4.1, 
12.3.2, 12.3.3 
and 12.3.6 

No information on 
blinding of staff  

 

(Huang et al., 
2008b) 

Rat bone 
marrow 
lymphocytes 

n=11 

SB 900 MHz, CW 

SAR 2 W/kg 

30 min 

No effect. For erythrocyte 
maturation and 
cell proliferation 
see Section 10.3 
and 12.3.6 

(Kumar et al., 
2011) 

rat neuronal 
cells (PC12) 

n=3 

SB 1950 MHz, UMTS 

SAR 10 W/kg 

24 h 

No effect. For apoptosis see 
Section 12.3.4 

(Zeni et al., 
2012b) 

V79 Chinese 
Hamster Cells 

n=3 

SB, MN 1800 MHz, CW 

SAR 2 W/kg 

1, 4, 18, 24 h (5 min 
on/10 min off cycles) 

No effect. Human cells also 
investigated. 

(Speit, Schütz & 
Hoffmann, 2007) 

Mouse 
L5178Y TK+/- 
lymphoma 
cells 

n=2 

SB, CA 835 MHz, CW 

SAR 4 W/kg 

24, 48 h 

No effect. Combined 
exposures also 
investigated. 

No information on 
blinding of staff  

 

(Kim et al., 2008) 

Mouse neural 
progenitor 
stem cells 

n=6 

 1710 MHz, GSM 

Average SAR 1.5 W/kg 

6, 48 h (5 min on/30 min 
off cycles) 

SB increased at 
6 h but not at 48 h. 

No effect on CA 
and SCE. 

Transient SB 
increase. 

For signal 
transduction, 
gene and protein 
expression, 
apoptosis and 
proliferation see 
Section 12.3.2, 
12.3.3, 12.3.4 
and 12.3.6 

(Nikolova et al., 
2005) 

CHO-K1 cells 

n=3 

MN 2450 MHz, CW 

SAR 13, 39, 50, 78, 100 
W/kg 

18 h 

Increased MN 
frequency at 78 
and 100 W/kg. 

MN increase at 
39°C for 18 h. 

Possible thermal 
effect at high 
SAR. 

(Koyama et al., 
2003) 

CHO-K1 cells 

n=3 

MN 2450 MHz, CW 

SAR 5, 10, 20, 50, 100, 
200 W/kg 

2 h 

Increased MN 
frequency at 100 
and 200 W/kg. 

Possible thermal 
effect at high 
SAR. 

(Koyama et al., 
2004) 

CHO-K1 cells 

n=3 

MUT at HPRT locus 2450 MHz, CW 

SAR 5, 10, 20, 50, 100, 
200 W/kg 

2 h 

Increased MUT 
frequency at 200 
W/kg. 

Possible thermal 
effect at high 
SAR. 

(Koyama et al., 
2007)  
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Rat cortical 
neurons 

n=3 

8-OHdG adducts 
(mtDNA) 

1800 MHz, GSM 

Average SAR 2 W/kg 

24 h (5 min on/10 min off 
cycles) 

Increase in 8-
OHdG adducts. 

Effect reverted in 
cells pre-treated 
with melatonin for 
4 h (see Section 
12.3.1.2 
combined 
exposures). 

(Xu et al., 2010) 

ñNo effectò means no statistically significant effect. 

 4014 

12.3.1.2 Combined exposures 4015 

Several studies have been performed to evaluate the effects of combined exposure to RF EMF and 4016 

genotoxic agents. The RF exposure was applied before, during and/or after treatment with genotoxic agents. All 4017 

studies included the effect of RF exposure alone and the details are presented in Section 12.3.1.1. In most of the 4018 

studies on combined exposures, RF exposure alone had no significant effects on any of the endpoint 4019 

investigated, unless otherwise mentioned. 4020 

In the following, in vitro studies on RF combined with exposures to chemical agents, ionizing 4021 

radiation and ultra-violet rays are presented. Treatments with the chemical or physical agent alone served as 4022 

positive control. 4023 

Chemical agents 4024 

In most cases, chemotherapeutic drugs have been employed to perform combined exposures, although 4025 

other chemical agents have also been used. 4026 

Three papers were published by the same research group, showing that 20 h exposure of human 4027 

peripheral blood lymphocytes to RF EMF was able to reduce the genotoxic effects induced by a subsequent 4028 

treatment with mitomycin-C (MMC), as assessed by MN frequency. The reduction was detected with a 900 MHz 4029 

GSM signal (SAR=1.25 W/kg) (Sannino et al., 2009b) in cell cultures from five healthy donors (p<0.01) and 4030 

with a 1950 MHz UMTS signal (SAR=0.3 W/kg; six donors; p<0.05). In the latter study, SARs of 0.15, 0.6 and 4031 

1.25 W/kg were also tested and gave no effect (Zeni et al., 2012a). The authors provided further evidence that 4032 

the cells were required to be exposed to RF EMF in the S-phase of the cell cycle to exhibit the reduced DNA 4033 

damage (cell cultures from nine donors) (Sannino et al., 2011) (Sannino et al., 2011). In all the studies, blind 4034 

protocols were followed. [Taken together, these studies suggest that non-ionizing radiation is capable of 4035 

inducing óadaptive responseô similar to that observed in several ionizing radiation exposure studies. Cell 4036 

proliferation has also been investigated, as reported in Section 12.3.6.]  4037 

Zhijian et al. (2010) used doxorubicin (DOX) to treat cultured human lymphoblastoid cells before, 4038 

during and after blind intermittent exposure (5 min on/10 min off cycles) to an 1800 MHz GSM signal (SAR=2 4039 

W/kg)  for 2 hours. In experiments where RF was given before DOX or concurrently, the exposure duration was 4040 

2 h, while for exposures after DOX treatments it was 6, 12, 18 or 24 h. No significant effect of the RF exposures 4041 

on DOX-induced SB was found in any of the experimental schedules, although in certain exposure conditions 4042 

combined treatments can influence DNA repair (p<0.05), as assessed in four independent experiments.  4043 

Koyama and co-workers reported the data from three separate investigations carried out in Chinese 4044 

hamster K1 (CHO-K1) cells treated for 1 h with Bleomycin (BLM) and then exposed in blind to CW 2450 MHz 4045 

fields in different conditions. For each study, three independent experiments were carried out. In the first study 4046 

(Koyama et al., 2003), the incidence of MN was evaluated using the kinetochore method (a fluorescence 4047 

technique that employs specific antibodies to stain centromeres) in cells exposed for 18 hours at SAR values up 4048 

to 100 W/kg. A significant increase in MN frequency was found in cultures exposed to RF alone at SAR of 100 4049 

W/kg (p<0.01). Moreover, a synergistic increase in MN frequency (p<0.01) was detected in cells co-exposed to 4050 

SAR values higher than 50 W/kg, compared to cultures treated with BLM alone. In the second study (Koyama et 4051 

al., 2004) CHO-K1 cells were treated with BLM and then exposed for 2 hours in the same range of SARs. A 4052 

significant increase in MN was observed only in cells exposed at the highest SAR (200 W/kg; p<0.01). No 4053 

synergistic effects with BLM were detected. In the third investigation, (Koyama et al., 2007), the latter 4054 

experimental conditions were tested to evaluate mutation (MUT) frequency at the hypoxanthine-guanine 4055 

phosphoribosyl transferase (HPRT) locus. A statistically significant increase in MUT frequency was detected 4056 

after exposure to RF alone at 200 W/kg (p<0.05) and after co-exposure at 100 and 200 W/kg SAR (p<0.01). [As 4057 

also stated by the authors, a thermal effect cannot be excluded in samples exposures at high SARs].  4058 
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Kim et al. (2008) assessed SB and CA in mouse L5178Y TK+/- lymphoma cells exposed to 835 MHz 4059 

RF EMF (CW, SAR=4 W/kg) together with cyclophosphamide (CP), 4-Nitroquinoline-1-oxide (4NQO) or ethyl 4060 

methane sulfonate (EMS). For SB evaluation, cells were exposed to RF for 48 h and treated during the last 4 h 4061 

with CPA or 4NQO. To evaluate CA, cells were RF-exposed for 6 h in the presence of CPA or EMS. Culture 4062 

medium was then removed, cells were washed and reincubated in fresh medium for an additional 18 or 44 h with 4063 

or without RF. The results indicated a significant increase in SB in cultures co-exposed to CPA or 4NQO 4064 

(p<0.01). The incidence of CA was not affected in cells exposed to RF and CPA or EMS. [This study is based on 4065 

just two independent experiments, although several experimental conditions have been tested]. 4066 

Luukkonen et al. (2009) exposed SH-SY5Y neuroblastoma cells for 1 h to 872 MHz fields, both CW 4067 

and GSM modulated, at an SAR of 5 W/kg, together with menadione. A blind protocol was applied. The results 4068 

from three independent experiments indicated a significant increase in SB in CW co-exposed cultures compared 4069 

with those treated with menadione alone (p<0.01), but not in those co-exposed to the GSM signal. In a similar 4070 

study, the same research group applied the same exposure protocol for 3 h and SH-SY5Y cells were concurrently 4071 

treated with ferrous chloride (FeCl2) and diethyl-maleate (DEM) (the latter enhances the free radicals induced by 4072 

the former, resulting in decreased antioxidant levels) (Luukkonen, Juutilainen & Naarala, 2010). No significant 4073 

effect was observed on SB in both CW and GSM exposure conditions, as assessed in four independent 4074 

experiments. [In both studies, the effect of combined exposure on oxidative stress has also been investigated, as 4075 

reported in Section 12.3.5.] 4076 

Sannino et al. (2009a) exposed human skin fibroblasts from a healthy individual as well as a subject 4077 

with Turnerôs syndrome (TS) to a 900 MHz GSM signal (SAR=1 W/kg) for 24 hours and then treated the cells 4078 

with MX (3-chloro-4-(dichloromethyl)-5-Hydroxy-2(5H)-furanone, a contaminant produced during chlorination 4079 

of water) for 1 hour. In addition, RF exposure of TS cells was also tested for 1 h. No significant effects of these 4080 

treatments in both cell types were observed on SB and MN, as assessed in three independent experiments, 4081 

performed in blind, for each condition/cell type. [The effect of combined exposure on cell proliferation was aslo 4082 

investigated, as reported in Section 12.3.6.] 4083 

Xu et al. (2010) dissected cortical neurons from newborn rats and after 8 days of culturing the cells 4084 

were exposed in blind to GSM 1800 MHz (SAR=2 W/kg), for 24 hours (5 min on/10 min off cycles). The cells 4085 

were treated with melatonin 4 h before RF EMF exposure. The levels of 8-OHdG adducts, a biomarkers for 4086 

oxidative damage, were examined in mitochondrial DNA (mtDNA). RF EMF exposure alone induced a 4087 

significant increase in adducts with a concomitant decrease on mtDNA copy numbers and mitochondrial RNA 4088 

transcripts, as assessed in three independent experiments (p<0.01). Each of these disturbances in mtDNA was 4089 

reversed in cells pre-treated with melatonin. [The control cells used by the authors were ñsham-exposedò cells. 4090 

The effect of combined exposure on oxidative stress has also been investigated, as reported in Section 12.3.5.] 4091 

In two separate studies Hansteen and co-workers (2009a; 2009b) investigated the induction of CA in 4092 

stimulated human peripheral blood lymphocytes from six donors exposed in blind for 53 h to RF EMF and 4093 

treated with MMC after 30 hours of RF exposure. In the first study, cells were exposed at 2.3 GHz, 10 W/m
2
 4094 

power density, CW or pulsed fields (200 Hz pulse frequency, 50% duty cycle) (Hansteen et al., 2009a). In the 4095 

second study, RF exposure was carried out at 16.5 GHz (10 W/m
2
 power density, pulsed wave) and 18 GHz (1 4096 

W/m
2
 power density, CW)  (Hansteen et al., 2009b). In both studies no significant effect of combined exposure 4097 

was detected. [Although the authors do not call it ñshamò the control is actually a sham. The authors did not 4098 

include dosimetric details but provided the necessary information so that other groups can use it for numerical 4099 

analysis to repeat the study; the justification was that from rough calculations, the assessed exposure level was 4100 

close to the ICNIRP safety limits]. 4101 

Ionizing radiation (IR) 4102 

Stronati et al. (2006) conducted a study in blind with the participation of researchers from two 4103 

independent laboratories to investigate the effect 1 Gy X-rays given before or after 24 h exposure to a 935 MHz 4104 

GSM signal, at SAR values of 1 and 2 W/kg, on human blood lymphocytes. Several endpoints were investigated, 4105 

such as SB (10 donors), chromosomal aberrations (14 donors), sister chromatid exchanges (four donors), 4106 

micronuclei (14 donors). The results indicated that RF exposure was not able to alter the effect of X-rays for any 4107 

of the endpoints investigated. [The effect of combined exposure on proliferation has been reported in section 4108 

12.3.6]. 4109 

Manti et al. (2008) exposed in blind isolated leukocytes from four donors to 4 Gy X-rays and 4110 

immediately after to 1950 MHz RF EMF, UMTS modulated, at SARs of 0.5 and 2 W/kg for 24 h. Cells were 4111 
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then stimulated to divide and the fluorescence in situ hybridization (FISH) technique was used with molecular 4112 

probes specific for whole chromosomes 1 and 2. A small but statistically significant increase in the number of 4113 

exchange aberrations per cell was observed in cells exposed to RF alone at 2 W/kg SAR (p<0.05), and a 4114 

synergistic effect was observed in cells from some donors exposed to RF and X-rays (p<0.05). The authors 4115 

suggested that RF exposure may either influence the repair of damage or alter the cell death pathways of the 4116 

damage response. 4117 

Zhijian et al. (2009) exposed in blind isolated leukocytes from blood samples collected from four 4118 

healthy donors to an 1800 MHz GSM signal, at an SAR of 2 W/kg for 24 h (5 min on/10 min off cycles) and 4119 

then the cells were subjected to 0.25 or 0.5 Gy X-rays. The extent of SB and their repair was assessed at 0, 15, 4120 

45, 90, 150 and 240 minutes after X-ray exposure. No significant effects were observed on SB and their repair 4121 

when compared with the cells exposed to X-rays alone, although there was individual variation. 4122 

Lagroye et al. (2004) exposed C3H 10T1/2 cells to CW RF EMF at 2450 MHz (SAR=1.9 W/kg) for 2 4123 

h followed by 4 Gy gamma irradiation. The positive control cells were treated with cis-platinum, a crosslinking 4124 

agent. The data from three to four independent experiments indicated that cells pre-treated with cis-platinum 4125 

showed an increase in gamma-rays-induced SB, while pre-exposure to RF EMF did not change the effect of 4126 

gamma-rays. 4127 

Ultraviolet (UV) and other physical agents 4128 

Baohong et al. (2007) exposed isolated leukocytes from three healthy donors to different doses of UV-4129 

C (0.25ï2 J/m
2
) followed by GSM modulated 1800 MHz fields (SAR=3 W/kg) for 1.5 or 4 hours. The UV-4130 

induced SB were decreased after 1.5 h and increased after 4 h exposure to RF EMF in the range of 0.25ï1.5 4131 

J/m
2
, respectively (p<0.05), while no effects were detected at 2 J/m

2 
exposure.

 
 4132 

Yao et al. (2008a) exposed cultured human SRA01/04 lens epithelial cells to intermittent (5 min on/10 4133 

min off cycles) 1800 MHz RF EMF (SAR=1, 2, 3, 4 W/kg) superposed with 2 µT electromagnetic noise (30ï90 4134 

Hz magnetic fields in Helmholtz coils) for 2 hours. There was a significant increase in SB in cells exposed to RF 4135 

alone at 3 and 4 W/kg and the superposed electromagnetic noise was able to block the RF-induced DNA 4136 

damage, as assessed in three independent experiments.  4137 

Studies not included in the analysis 4138 

Baohong et al. (2005) treated human blood lymphocytes with four different chemical mutagens, 4139 

MMC, 4NQO, BLM and MMS, for 3 h before or after a 2-h exposure to a 1800 MHz GSM signal (SAR=3 4140 

W/kg). A synergistic increase in SB was observed in cells treated with MMC and 4NQO (p<0.05), while an 4141 

inconsistent increase in SB was recorded in cells treated with BLM and MMS. Thus, the data suggested 4142 

differences in the interaction of RF with different chemical mutagens. [The interpretation of the results reported 4143 

in this study is difficult  due to the inclusion of data from one donor only.] 4144 

Tiwari et al. (2008) exposed human blood lymphocytes from six healthy donors for 1 h to RF EMF 4145 

(835 MHz, CDMA; SAR=1.17 W/kg) together with aphidicolin (APC) and examined SB. There was a 4146 

significant increase in SB in cells exposed to APC only and also in cells exposed to RF+APC. The increased 4147 

damage appears to be reversible, as it was repaired quickly. [In this study neither dosimetric information nor 4148 

details on the exposure system are provided. Moreover, it is not clear if the sham controls are actually sham.] 4149 

Esmekaya et al. (2011) observed a significant decrease in SCE in human blood lymphocytes exposed 4150 

to a GSM 1800 MHz signal (SAR=0.21 W/kg) for 6, 8 and 24 hours together with ginkgo, an anti-oxidant used 4151 

in alternative medicine. In this study, exposure of the cells to RF alone also increased the incidence of SCE. [In 4152 

this study the results are uninterpretable since no proper dosimetric evaluation was performed (SAR estimated by 4153 

using electric field measured along the horn antenna). Moreover, the number of donors included in the study and 4154 

the co-exposure protocol (RF before, after or concurrent to ginkgo) are not clear.] 4155 

Figueiredo et al. (2004) exposed whole blood samples from four healthy donors to RF EMF at 2450 4156 

MHz (power output 3 W; 2 donors) or at 10.5 GHz (power output 15 mW; 2 donors) for 40 sec and 5 min, 4157 

respectively. Then the cells were subjected to 1.5 Gy gamma radiation. No significant effect was observed in 4158 

conventional CA analysis. [In this study sham exposure is reported, although it is defined ñnegative controlò. 4159 

However, exposure to 2450 MHz were performed by means of a microwave oven, while no information is 4160 

reported about the exposure system at 10.5 GHz.] 4161 
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Table 12.3.4. In vitro studies assessing genotoxic effects of combined exposures to RF EMF and chemical or physical 
agents 

Cell type 

Number of 
independent 
experiments 

Biological endpoint Combined Exposure  Results Comment Authors 

Combined exposures with chemical agents 

Human blood 
lymphocytes 

n=5 

MN 900 MHz, GSM 

Average SAR 1.25 
W/kg 

20 h 

RF in S-phase 

MMC after RF 

Decreased MN 
frequency  

RF-induced 
adaptive 
response. 

For cell 
proliferation see 
Section 12.3.6 

(Sannino et al., 
2009b) 

Human blood 
lymphocytes 

n=6 

MN 1950 MHz, UMTS 

SAR 0.15-1.25 W/Kg 

20 h 

RF in S-phase 

MMC after RF 

Decreased MN 
frequency at 0.3 
W/kg but not at 
0.15, 0.6, 1.25 
W/kg. 

SAR-dependent 
RF-induced 
adaptive 
response. 

For cell 
proliferation see 
Section 12.3.6 

(Zeni et al., 2012a) 

Human blood 
lymphocytes 

n=-9 

MN 900 MHz, GSM 

Average SAR 1.25 
W/kg 

20 h 

RF in G0, S or G2/M 
phase 

MMC after RF 

Decreased MN 
frequency if RF 
given in S-phase. 

No effects for RF 
in in G0 or G2/M 
phase. 

RF-induced 
adaptive 
response, 
dependent on 
the phase of cell 
cycle. 

For cell 
proliferation see 
Section 12.3.6 

(Sannino et al., 
2011) 

human 
lymphoblastoid 
cells 

n=4 

SB 1800 MHz, GSM 

Average 2 W/kg 

2-24 h 

DOX 

RF before, concurrently 
or after DOX 

No effects on SB. 

RF+DOC can 
influence DNA 
repair in certain 
experimental 
conditions. 

 (Zhijian et al., 2010) 

Chinese 
hamster K1 
cells 

n=3 

MN (kinetochore 
method) 

2450 MHz, CW 

SAR 25, 78, 100 W/kg 

1 h BLM before 18 h RF 

Synergistic 
increase at 78 and 
100 W/kg. 

Significant 
increase at 100 
W/kg in cultures 
exposed to RF 
alone. 

Thermal effects 
cannot be 
excluded at 
higher SAR 
levels 

(Koyama et al., 
2003) 

Chinese 
hamster K1 
cells 

n=3 

MN 2450 MHz, CW 

SAR 5, 10, 20, 50, 100, 
200 W/kg SAR 

1 h BLM before 2 h RF 

No effect of co-
exposures 

Significant 
increase in MN 
at 200 W/kg in 
cultures exposed 
to RF alone. 

Thermal effects 
cannot be 
excluded at 
higher SAR 
levels 

(Koyama et al., 
2004) 

Chinese 
hamster K1 
cells 

n=3 

MUT at HPRT locus 2450 MHz, CW 

SAR 5, 10, 20, 50, 100, 
200 W/kg SAR 

1 h BLM before 2 h RF 

Synergistic effect 
at 100 and 200 
W/kg. 

Increased MUT 
frequency in 
cultures exposed 
to RF alone. 

Thermal effects 
cannot be 
excluded at 
higher SAR 
levels 

(Koyama et al., 
2007) 
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Mouse L5178Y 
TK+/- 
lymphoma cells 

n=2 

SB, CA 835 MHz, CW 

SAR 4 W/kg 

24, 48 h 

CPA, EMS or 4NQO 
concurrent to RF 

Increased SB in 
CPA and 4NQO 
co-exposed 
cultures. 

No effect on CA. 

No information 
on blinding of 
staff  

 

(Kim et al., 2008) 

Neuroblastoma 
SH-SY5Y cells 

n=3 

SB 872 MHz, CW and GSM 

SAR 5 W/kg 

1 h 

Menadione 

RF concurrently 

Increased SB in 
CW, but not GSM 
co-exposed 
cultures. 

Effect dependent 
on RF signal. 

For oxidative 
stress see 
Section 12.3.5 

(Luukkonen et al., 
2009) 

Neuroblastoma 
SH-SY5Y cells 

n=4 

SB 872 MHz, CW and GSM 

SAR 5 W/kg 

3 h 

DEM or FeCl2 

RF concurrently 

No effect. For oxidative 
stress see 
Section 12.3.5 

(Luukkonen, 
Juutilainen & 
Naarala, 2010) 

Skin fibroblasts 
from healthy 
and TS donors 

n=3 

SB, MN 900 MHz, GSM 

Average SAR 1 W/kg 

24 h  

1 h (SB in TS cells) 

MX 

RF before MX 

No effect. For cell 
proliferation see 
Section 12.3.6 

(Sannino et al., 
2009a) 

Rat cortical 
neurons 

n=3 

8-OHdG adducts 
(mtDNA) 

1800 MHz, GSM 

Average SAR 2 W/kg 

24 h (5 min on/10 min 
off cycles) 

Melatonin 4 h before RF 

RF-induced 
increase in 8-
OHdG adducts 
reverted by 
melatonin 
treatment. 

For cell 
proliferation see 
Section 12.3.6 

(Xu et al., 2010) 

Blood 
lymphocytes 

n=6 

CA 2.3 GHz, CW or pulsed 
(200 Hz pulse 
frequency, 50% duty 
cycle) 

power density 10 W/m
2 

30 h MMC after 53 h RF 

No effect  No information 
provided to 
perform 
numerical 
dosimetry 

(Hansteen et al., 
2009a) 

Blood 
lymphocytes 

n=6 

CA 16.5 GHz, pulsed (1 
kHz pulse frequency, 
50% duty cycle) 

power density 10 W/m
2 

30 h MMC after 53 h RF 

No effect  No information 
provided to 
perform 
numerical 
dosimetry 

(Hansteen et al., 
2009b) 

Combined exposures with ionizing radiation 

Blood 
lymphocytes 

n=14 

SB, CA, SCE, MN 935 MHz, GSM 

Average SAR 1, 2 W/kg 

24 h  

1 Gy X-rays before or 
after RF 

No effect. For cell 
proliferation see 
Section 12.3.6 

(Stronati et al., 
2006) 

Blood 
lymphocytes 

n=4 

CA 1950 MHz, UMTS 

SAR 0.5, 2 W/kg 

24 h 

4 Gy X-rays before RF 

Synergistic effect 
at 2 W/kg 

Increase in 
exchange 
aberrations at 2 
W/kg alone 
(p<0.05). 

(Manti et al., 2008) 

Blood 
lymphocytes 

n=4 

SB  1800 MHz, GSM 

Average SAR 2 W/kg 

24 h (5 min on/10 min 
off cycles) 

RF before 0.25 or 0.5 
Gy ɔ-rays 

No effect on SB 
and DNA-repair. 

 (Zhijian et al., 2009) 
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Mouse 
fibroblasts 
(C3H 10T1/2 
cells) 

n=3-4 

SB 2450 MHz, CW 

SAR 1.9 W/kg 

4 Gy ɔ-rays after 2 h RF 

 

No effect.  (Lagroye et al., 
2004) 

Combined exposures with Ultraviolet and other physical agents 

Blood 
lymphocytes 

n=3 

SB 1800 MHz, GSM 

Average SAR 3 W/kg 

1.5 or 4 h 

RF after UV-C (0.25-
2 J/m

2
) 

Decrease in UV-
induced SB at 1.5 
h RF and increase 
at 4 h RF.No 
effect for 2 J/m

2
. 

 (Baohong et al., 
2007) 

Lens epithelial 
(hLEC) cells  

n=3 

SB, ɔ-H2AX foci 1800 MHz GSM 

Average SAR 1, 2, 3, 4 
W/kg 

2 h (5 min on/10 min off 
cycles) 

MF noise superposition 

(2 µT, 30-90 Hz) 

MF noise negated 
RF-induced SB. 

RF alone 
increased SB at 
3 and 4 W/kg. 

For ocular 
function and 
oxidative stress 
see Section 
6.4.2 and 12.3.5. 

No information 
on blinding of 
staff  

(Yao et al., 2008a) 

ñNo effect" means no statistically significant effect.  

 4162 

Excluded references 4163 

(Agarwal et al., 2009; Antonopoulos, Eisenbrandt & Obe, 1997; Ballardin et al., 2011; d'Ambrosio et 4164 

al., 2002; d'Ambrosio G., 1995; De Iuliis et al., 2009; Falzone et al., 2010; Gajski & Garaj-Vrhovac, 2009; Maes 4165 

et al., 1993; Maes et al., 1995; 1996; Maes et al., 1997; Maes, Collier & Verschaeve, 2000; 2001; Scarfi et al., 4166 

1996; Schmid & Schrader, 2007; Schrader et al., 2008; Shckorbatov et al., 1998; Shckorbatov et al., 2010; 4167 

Syldona, 2007; Yamazaki, Matsubara & Yamada, 1993; Zeni et al., 2003; Zhang et al., 2002; Zotti-Martelli et 4168 

al., 2000; Zotti-Martelli et al., 2005) 4169 

12.3.2 Intracellular and intercellular signalling 4170 

Studies on intracellular and intercellular signalling include release of calcium ions, signal transduction 4171 

pathways and cytokine expression. In the previous WHO report (WHO, 1993b) only studies on release of 4172 

calcium ions were reported and the general conclusion was that, although calcium release may be useful to 4173 

understand the mechanisms of action, insufficient information is available to suggest a potential adverse effect 4174 

on human health.  4175 

The present literature search identified 54 relevant papers on this topic. Six of them were in a 4176 

language that could not be understood. That left 48 papers to be extracted. Among the relevant publications, 13 4177 

were excluded because they did not meet the inclusion criteria for in vitro studies, and references are listed at the 4178 

end of this section. Twelve  papers did not completely comply with the quality criteria for inclusion due to 4179 

methodological issues, therefore they are only presented in the text. The remaining 23 papers have been 4180 

described in the text and summarized in tables. 4181 

Unless specifically mentioned, papers did not report on blinding of the investigators to the exposure 4182 

conditions.  4183 

Intracellular Calcium 4184 

Wolke et al. (1996) studied the effects of continuous wave (CW) and differently modulated (16 Hzï4185 

30 kHz) 900ï1800 MHz RF EMF on intracellular calcium levels, measured as fura-2 fluorescence by means of 4186 

digital image analysis, in Guinea pig isolated ventricular myocytes. They used several SAR levels (0.009ï0.059 4187 

W/kg) and short (500 s) and long-term (120 min) exposure times and analysed 31ï35 single cells. In general, 4188 

they noticed no differences between the sham and RF exposed groups, except a significant difference detected in 4189 

the 900 MHz group which was modulated at 50 Hz (p<0.01). Treatment of cells with a solution containing KCI 4190 

instead of NaCI, served as positive control and induced an increase in calcium concentration. [As also stated 4191 
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by the authors, such difference cannot be regarded as relevant, since the measured mean value lies within the 4192 

limits of the standard deviation of the sham exposure.] 4193 

Linz and co-workers (Linz et al., 1999) exposed isolated rat and Guinea pig ventricular myocytes to 4194 

RF EMF in a frequency range between 180 and 1800 MHz. In particular, exposures to 1800 and 900 MHz, GSM 4195 

modulated, were carried out at different SAR values (0.015ï0.88 W/kg), while exposure at 180 MHz, CW, was 4196 

conducted at 0.08 W/kg. They applied a patch clamp technique on 5ï14 single cells to evaluate action potentials 4197 

(current-clamp mode) and L-type Ca
2+

 and K
+
 membrane currents (voltage-clamp mode). No effects on 4198 

electrophysiological membrane characteristics were detected in the two cell types investigated for any of the RF 4199 

exposure conditions tested compared to sham exposed samples, while lowering the ambient temperature as a 4200 

positive control induced the expected changes. 4201 

The study of Cranfield et al. (2001) investigated changes in average calcium levels or trends in human 4202 

leukaemic Jurkat T-cells exposed to 915 MHz (CW and GSM) RF EMF with a weighted average SAR of 1.5 4203 

W/kg for 10 min. Intracellular calcium concentrations (spiking) were estimated by Fluo-3 fluorescence using 4204 

laser scanning confocal microscopy. Since the mitogen phytohaemagglutinin (PHA) induces repetitive transient 4205 

rises in calcium spiking within about 100 s of addition, both PHA-activated and inactivated cells were studied. 4206 

The experiments were performed blinded. No differences were detected between exposed and sham exposed 4207 

groups. When the power spectral density distribution of fluorescence was analysed, a significant difference 4208 

(p<0.05) was detected, but only in PHA-activated cells exposed to the GSM signal. For each experimental 4209 

condition, at least 100 single cells were analysed. Positive controls were not included in the study design. [As 4210 

also stated by the authors, the observed difference could be a statistical artefact, due to the large variability of the 4211 

observed phenomenon. In this study the number of independent experiments is not reported, but the authors 4212 

stated that, since each experiment yielded between 0 and 20 analysable cells, the results from sufficient 4213 

experiments were pooled to allow a comparison of at least 100 cells for each condition.]  4214 

Green et al. (2005) showed no evidence of any consistent or biologically relevant effect on 4215 

intracellular calcium concentration ([Ca
2+

]i ) when rat cerebellar granule cells (from 6 to 9 independent 4216 

experiments) or cardiac myocytes (93ï177 single cells) were exposed for 20 minutes to Terrestrial Trunked 4217 

Radio signals (TETRA) at 380.8875 MHz (pulse modulated at 17.6 Hz, 25% duty cycle) with SAR levels 4218 

between 0.005 and 0.4 W/kg. Although increases in [Ca
2+

]i in response to potassium-induced depolarization in 4219 

TETRA-exposed cells were different from sham controls, the majority of the differences was attributable to 4220 

initial biological variation between cell cultures. The fluorescent dyes Fura-PE3, Fluo-3 or Fluo-4 were 4221 

employed to measure [Ca
2+

] I using digital image analysis. The study was carried out blinded. Positive controls 4222 

were not included. [Indication about the homogeneity of the SAR distribution is not given. The study is also 4223 

reported in Section 5.4 (Brain physiology and function).] 4224 

Whole-cell current-clamp and single-channel recording was used by Marchionni et al. (2006) to study 4225 

the effect of 900 MHz CW EMF on rat dorsal root ganglion neurons (four to nine independent experiments).  4226 

Exposure at a SAR value of 1 W/kg for 10 s did not modify the frequency of action potentials, compared to sham 4227 

exposed samples and did not affect the L-type Ca
2+

 current and the Ca
2+

-activated K
+
 current, which are involved 4228 

in the control of the interspike interval. Positive controls have not been included in the study design.  [For 4229 

dosimetric analysis the authors refer to a previous report (Liberti et al., 2004). This study has also been described 4230 

in Section 5.4 (Brain physiology and function).] 4231 

Platano and colleagues (Platano et al., 2007) studied Ba
2+

 currents through voltage-gated calcium 4232 

channels (VGCC) using primary cultures of rat cortical neurons, which were exposed for 1ï3 periods of 90 sec 4233 

to 900 MHz, CW or GSM modulated, RF EMF (SAR = 2 W/kg). They measured Ba
2+

 currents (to avoid Ca
2+

-4234 

dependent inactivation of the currents) by means of whole-cell patch-clamp technique. The results, obtained 4235 

from three to seven independent experiments, indicate that current amplitude or the current-voltage relationship 4236 

were not significantly altered by single or multiple acute exposures to 900 MHz CW or GSM EMF compared to 4237 

sham samples. Samples treated with CdCl2, a specific blocker of voltage-gated calcium channels, were used as 4238 

positive controls and gave positive findings. [These findings are in agreement with the results reported by Linz et 4239 

al., (Linz et al., 1999)). This study has also been described in Section 5.4 (Brain physiology and function).] 4240 

Rao and coworkers (Rao et al., 2008) employed neuronal cells differentiated from a mouse embryonic 4241 

P19 carcinoma to study calcium dynamics and cytosolic calcium concentrations and spikes after exposing the 4242 

cells to CW 700ï1100 MHz RF EMF. They tested several SAR levels (0.5ï50 W/kg) and the exposure duration 4243 

was 60 min. Fluo-4 AM fluorescent dye, by means of fluorescence and differential interference contrast images 4244 

and time-lapse sequences, was used to monitor Ca
2+

 spikes. They found that RF exposure significantly increased 4245 
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the number of spontaneous [Ca
2+

] I spikes (p<0.05) in three to four independent experiments. The change was 4246 

dependent on the frequency (with a peak effect at 800 MHz) but not on the SAR in the range 0.5 to 5 W/kg. 4247 

When 50 W/kg was tested, the change was significantly lower than with the lower SAR values and was 4248 

accompanied by a temperature increase (>5 °C), which may have introduced thermally-induced alterations in 4249 

Ca
2+

 dynamics. In sham-exposed cells, spontaneous Ca
2+

 spiking could be blocked by ɤ-conotoxin GV1A (a 4250 

selective blocker of the N-type voltage-gated Ca
2+

 channels) or U73122 (a phospholipase C inhibitor). No effect 4251 

of RF exposure at 0.5 W/kg was found. These observations indicate that N-type voltage-gated Ca
2+

 channels and 4252 

phospholipase C are involved in intrinsic Ca
2+

 spiking, and may be modulated by RF. [This study has been also 4253 

described in Sections 5.4 (Brain physiology) and 12.3.6.1 (Cell differentiation).] 4254 

OôConnor et al. (2010) exposed human endothelial cells, rat PC-12 neuroblastoma cells and rat 4255 

primary hippocampal neurons to 900 MHz, GSM modulation; for human endothelial cells a CW signal was also 4256 

tested. The study was performed blinded. The high-throughput imaging platform was employed to monitor 4257 

changes in cellular Ca
2+

 levels with Fura-2 AM or Fura-PE3 AM fluorescent dyes. The exposure was 30 min 4258 

long (SAR 0.012ï2 W/kg). The experiments were designed to study the effects of RF on both resting and 4259 

induced Ca
2+

 signals. The results indicate no effect of RF exposure on basal Ca
2+

 homeostasis or provoked Ca
2+

 4260 

signals compared to sham-controls. No positive controls were included. [The number of experiments carried out 4261 

is unclear. This study has also been described in Section 5.4 (Brain physiology and function).]  4262 

Table 12.3.5. In vitro studies assessing effects of RF EMF exposure on intracellular calcium 

Cell type 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Reference 

Guinea pig 
isolated 
ventricular 
cardiac 
myocytes 

n=31-55
a
 

Intracellular [Ca
2+

]. 900 MHz, CW, 16, 50, 
217 Hz, and 30 kHz 
modulated 

SAR 0.015,0.029, 0.03,  
0.059 W/kg  

1300 MHz, 217 Hz 
modulated 

SAR 0.012 W/kg 

1800 MHz, 217 Hz 
modulated 

SAR 0.009 W/kg  

500 s and 120 min 

Increase in  [Ca
2+

] 
at 900 MHz, 50 Hz 
modulated. 

No effect of the 
other conditions 
tested. 

No information on 
blinding of staff. 

(Wolke et al., 
1996) 

Guinea pig 
and rat 
isolated 
ventricular 
myocytes 

n=5-14
a
  

Action potentials, and 
membrane currents (L-
type Ca

2+
 and K

+
 

currents) 

180 MHz, CW 

SAR 0.080 W/kg 

900 MHz, GSM 

Average SAR 0.015, 
0.25 W/kg 

1800 MHz, GSM 

Average SAR 0.080ï
0.88 W/kg 

3 min (maximum) 

No effect. No information on 
blinding of staff. 

(Linz et al., 1999) 

Human Jurkat 
T-cells 

n=98-107
a
  

Intracellular [Ca
2+

] in 
presence or in absence 
of PHA. 

915 MHz, CW and GSM 

Weighted average SAR 
1.5 W/kg 

10 min 

No changes in 
average calcium 
levels. 

Significant 
difference in PHA-
activated cells 
exposed to GSM 
signal. 

High variability of 
the observed 
phenomenon 

(Cranfield et al., 
2001) 
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Rat cerebellar 
granule cells  

n=6-9 

 

 

Cardiac 
myocytes 

n= 93-177
a
  

Intracellular [Ca
2+

]. 380.8875 MHz (pulse 
modulated at 17.6 Hz, 
25% duty cycle) 

SAR 0.4 W/ kg 

20 min  

 

SAR 0.005ï0.04 W/ kg 

10 min 

No effect. For Brain 
physiology see 
Section 5.4 

(Green et al., 
2005) 

Rat dorsal root 
ganglion 
isolated 
neurons 

n=3-9
a
  

Single channel ionic 
currents and firing 
frequency 

900 MHz, CW 

SAR 1 W/kg 

10 sec 

No effect. 

 

For Brain 
physiology see 
Section 5.4 

No information on 
blinding of staff. 

(Marchionni et al., 
2006) 

Primary 
cultures of rat 
cortical 
neurons 

n=3-7 

Ion currents through 
VGCC using Ba

2+
 as ion 

carrier 

900 MHz, CW and GSM 

SAR 2 W/kg 

1-3 x 90 sec 

No effect. For Brain 
physiology see 
Section 5.4 

No information on 
blinding of staff. 

(Platano et al., 
2007) 

Neuronal cells 
derived from 
mouse 
embryonal 
P19 carcinoma 
cells 

n=3-4 

Calcium dynamics and 
cytosolic [Ca

2+
]. 

700-1100 MHz, CW 

SAR 0.5-50 W/kg 

60 min 

Increase in 
calcium spiking 
frequencies. 

For Brain 
physiology and 
differentiation see 
Sections 5.4 and 
12.3.6.2  

No information on 
blinding of staff. 

(Rao et al., 2008) 

Human 
endothelial 
cells, rat PC-12 
neuroblastoma 
cells and rat 
primary 
hippocampal 
neurons 

n not clear 

Multiple parameters of 
intracellular calcium 
signals (peak 
amplitude, integrated 
Ca

2+
 signal, recovery 

rates) 

900 MHz, CW and 
GSM 

SAR 0.012-2 W/kg 

30 min 

No effect.  2 W/kg used for all cell 
types; lower SARs for 
human endothelial cells 
only. 

For Brain physiology 
see Section 5.4 

(O'Connor et 
al., 2010) 

a 
single cells  

 ñNo effectò means no statistically significant effect 

Abbreviations: [Ca
2+

]: calcium concentration; CW: continuous wave; GSM: Global System for Mobile Communication; PHA: 
Phytohaemagglutinin; SAR: specific absorption rate; VGCC: voltage-gated calcium channels.

 

 4263 

Signal transduction pathways 4264 

Transcriptional activity in response to stressors can be mediated by mitogen-activated protein kinase 4265 

(MAPK) pathways that include the extracellular-signal regulated kinases (ERKs), p38 and the 1/2c-Jun N-4266 

terminal kinase (JNK) cascades. These pathways regulate a variety of cellular processes including proliferation, 4267 

differentiation, metabolism and the stressor response. Upon phosphorylation of these kinases, a large number of 4268 

regulatory proteins and transcription factors (Egr-1, Elk-1) can become activated, thereby altering cellular 4269 

processes and allowing further gene transcription.  4270 

Lee et al. (2006) exposed Jurkat cells and rat primary astrocytes to 1763 MHz RF EMF at SARs of 2 4271 

or 20 W/kg for 30 min to 1 h in the presence or absence of the tumour promotor 12-O-tetradecanoylphorbol-13-4272 

acetate (TPA). No evidence of altered phosphorylation status was observed for ERK1/2, JNK1/2 or p38-MAPK 4273 

after exposure in either the presence or absence of TPA, as assessed in three independent experiments. 4274 

Treatments with TPA alone induced a dose-dependent MAPK phosphorylation, and served as positive controls. 4275 

[This study has also been presented in Section 12.3.3 (gene and protein expression.)] 4276 

In a further study, the same research group exposed human mammary breast epithelial (MCF10A) 4277 

cells (Kim et al. (2012). The exposure conditions tested were 837 MHz, CDMA, (SAR = 4 W/kg) for 4 h or 837 4278 

MHz, CDMA, plus 1950 MHz, WCDMA, at SAR of 2 W/kg for each signal (SAR = 4 W/kg) for 4. Moreover, 4279 

the latter condition was also tested 2 h per day for three consecutive days.  The expression levels and 4280 

phosphorylation states of several MAP kinases (ERK, JNK and p38) were analyzed by Western blot. The authors 4281 

found no evidence that single or repeated exposure of these cells could elicit expression or phosphorylation 4282 
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changes in any kinases assessed (three independent experiments). In positive controls, assessed by treating cell 4283 

cultures with 1 Gy gamma rays, phosphorylation of both JNK and ERK occurred, while phosphorylation of p38 4284 

was not induced. [The results related to positive controls are not shown in the paper. This study has been also 4285 

reported in Section 12.3.3 (gene and protein expression)] 4286 

Huang et al. (2008b) exposed a mouse auditory hair cell line (HEI-OC1) to 1763 MHz CDMA-4287 

modulated RF EMF at a SAR of 20 W/kg for 15ï120 min. No changes in the protein expression level or 4288 

phosphorylation status of ERK, JNK or p38 were observed in RF exposed cultures compared to sham, as 4289 

assessed in three independent experiments. Heating of Jurkat cells to 43 ± 0.2 °C for 30 min was included as a 4290 

positive control, whereby positive findings were detected. [This study has also been reported in Section 6.4 4291 

(Auditory functions), 12.3.1 (genotoxicity), 12.3.3 (gene and protein expression) and 12.3.6 (cell proliferation).] 4292 

In some studies the effect of RF EMF exposure on the expression of other eukaryotic transcriptional 4293 

regulators, tumor suppressor genes, cell cycle proteins, signalling molecules and growth factors has been 4294 

examined.  4295 

Nikolova et al. (2005) exposed pluripotent embryonic mouse stem cells to 1710 MHz GSM-4296 

modulated RF EMF at an average SAR of 1.5 W/kg for up to 48 h. The experiments were carried out blinded. 4297 

The authors observed transient changes in the expression of bax, GADD45 and Nurr1 at specific (isolated) times 4298 

after exposure, but no consistent alterations in the expression of these genes was observed at other time-points 4299 

(five independent experiments). The authors observed no corresponding changes on cellular proliferation or 4300 

apoptosis leading them to speculate that the effect of RF on these genes may be compensated for at the 4301 

translational and post-translational level. Positive controls were not included in the study. [This study has also 4302 

been described in Sections 12.3.1 (Genotoxicity), 12.3.3 (Gene and protein expression), 12.3.4 (Apoptosis) and 4303 

12.3.6 (Cell proliferation).] 4304 

Li et al. (1999) exposed human fibroblasts (primary and WSneo1 cells) to 837 MHz continuous-wave 4305 

RF EMF at SARs of 0.9 or 9.0 W/kg for 2 h, and assessed the protein expression levels of p53 by Western blot 4306 

(three independent experiments). No differences were detected compared to sham exposed cultures at 2 to 48 h 4307 

after RF exposure, while cultures exposed to ultraviolet radiation as positive control showed a significant 4308 

increase in p53 expression. The experiments were carried out blinded. 4309 

Lee et al. (2011b) investigated if single or combined RF EMF exposures interfere with cell cycle 4310 

regulation. They exposed human breast MCF7 cancer cells for 1 h to either 837 MHz, CDMA (average SAR = 4 4311 

W/kg), or 837 MHz CDMA plus 1950 MHz WCDMA (2 W/kg CDMA and 2 W/kg WCDMA). In three 4312 

independent experiments, carried out blinded, protein expression level of p53 and p21, known to regulate the 4313 

function of cyclin-dependent kinases, were unaffected by RF exposure. Similarly, the protein expression of 4314 

cyclin proteins A, B1 and D1 were also unaffected by RF exposure, leading the authors to conclude that neither 4315 

single nor combined RF exposure affected cycle progression in this cell line. The positive control group was 4316 

exposed to gamma radiation and showed changes in cell cycle distribution. [This study has also been described 4317 

in Section 12.3.6 (Cell proliferation).] 4318 

Bourthoumieu et al. (2013) investigated the expression of the p53 protein and its activation (due to its 4319 

ability to initiate apoptosis) in human amniotic cells exposed for 24 h to 900 MHz GSM modulated RF EMF 4320 

(SARs = 0.25, 1, 2, and 4 W/kg). The results of three independent experiments performed using three different 4321 

donors showed no effect in p53 expression (Western blot assay) by comparing sham-exposed to RF-exposed 4322 

cultures. Treatments with bleomycin as positive control resulted in a significant increase in apoptotic cells. [This 4323 

study has also been described in Sections 12.3.3 (Gene and protein expression), 12.3.4 (Apoptosis), and 12.3.6 4324 

(Cell proliferation).] 4325 

Sun et al. (2012) exposed cultured human amniotic (FL) cells to 1800 MHz GSM RF EMF for 15 min 4326 

at SARs ranging from 0.1 to 4.0 W/kg. The authors reported clustering of epidermal growth factor receptors 4327 

(EGFR) on the cell membrane of RF-exposed cells and a significant increase (p<0.01) in phosphorylated EGFR 4328 

protein expression at RF exposures from 0.5 to 4.0 W/kg compared to sham exposed cultures (three independent 4329 

experiments carried out blinded). No positive control was included in the study.  4330 

Tuschl et al. (2006) investigated the effect of 8 h intermittent (5 min on/10 min off cycles) exposure of 4331 

human peripheral blood mononuclear cells from 15 different donors to 1950 MHz GSM-modulated RF EMF at a 4332 

SAR of 1 W/kg, on the transcript expression of a variety of cytokines and immune-relevant genes using a PCR-4333 

array. The experiments were carried out blinded. No changes in exposed cells compared to sham controls were 4334 
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detected in intracellular production of IL2 and interferon g (INFg) in lymphocytes and IL1 and tumour necrosis 4335 

factor-Ŭ (TNFŬ) in monocytes, activity of immune-relevant genes (IL1Ŭ and ɓ, IL2, IL2-receptor, IL4, 4336 

macrophage colony-stimulating factor (MCSF) receptor, TNFŬ, TNFŬ-receptor), and cytotoxicity of 4337 

lymphokine-activated killer cells (LAK cells). Positive controls were not included in the study design. [This 4338 

paper has also been described in Section 10.4 (Immune system and haematology).] 4339 

Cervellati et al. (2009) exposed a human trophoblast cell line (HTR-8/SVneo) to 1817 MHz GSM-4340 

modulated RF EMF at a SAR of 2.0 W/kg for 1 h. In five independent experiments carried out blinded, the 4341 

authors observed increased transcript expression of connexins 40 and 43 (p<0.001) in exposed cultures compared 4342 

to sham exposed ones, however no changes were observed in the protein expression levels of these membrane 4343 

proteins. Positive controls were not included in the study.  4344 

Studies not included in the analysis 4345 

Leszczynski et al. (2002) exposed EA.hy926 cells to 900 MHz GSM-modulated RF EMF for 1 h at 2 4346 

W/kg. In four independent experiments, an increased expression of p38MAPK and HSP27 was reported at 1 h 4347 

post-exposure, while decreased expression of these proteins was reported at 8 h after RF EMF exposure, relative 4348 

to the sham controls. The authors further reported that the phosphorylation of HSP27 could be inhibited by 4349 

SB203580 (a specific inhibitor of p38-MAPK). [The absence of a statistical analysis, to determine if any of these 4350 

results was significant, makes the conclusion of this paper questionable. This study has also been presented in 4351 

Sections 5.4. (Brain physiology and function), 12.3.3 (Gene and protein expression) and 12.3.4 (Apoptosis).] 4352 

Zimmerman et al. (2012) exposed hepatocarcinoma cells (HepG2 and Huh7) to 27.1 MHz (100 Hz ï 4353 

21 kHz frequency-modulated) RF EMF (SAR = 0.4 W/kg) for 3 h per day for 1 week. The authors found no 4354 

significant differences in gene transcript expression between sham and RF EMF-exposed cultures in HepG2 cells 4355 

by RNA-Seq analysis. They further examined two genes with an absolute fold-change >1.8 by RT-PCR and 4356 

found decreased transcript levels for PLP2 and XCL2 in HepG2 and Huh7 cell lines, increased transcript 4357 

expression for PLP2 and XCL2 in a non-malignant cell line (THLE-2), and no effect on PLP2 expression in an 4358 

MCF7 cell line after exposure (p< 0.05; four independent experiments). [The significance of these findings is 4359 

difficult to interpret as the RNA-Seq and RT-PCR data showed inconsistent results.] 4360 

Buttiglione et al. (2007) assessed the expression levels of several transcription factors (Egr-1, Bcl-2, 4361 

Elk-1) downstream of MAPK pathways in a human neuroblastoma cell line (SH-SY5Y) exposed to 900 MHz 4362 

GSM-modulated RF EMF at a SAR of 1 W/kg for 5 min to 24 h. In three independent experiments, carried out 4363 

blinded, the authors observed a transient increase in Egr-1 transcript levels at 5ï30 min after exposure, but the 4364 

effect was no longer evident after 6ï24 h exposure. Phosphorylation of ERK1/2, JNK1/2 and Elk-1 was also 4365 

transiently increased after various RF exposure times (5 min to 6 h), while a significant decrease in the transcript 4366 

levels of Bcl-2 and Survivin were observed after 24 h of exposure. P53 protein expression and Bak and Bax 4367 

transcript expression were not affected by RF exposure. However, a significant decrease in cell viability, the 4368 

appearance of sub-G1 nuclei and a G2M-block were observed after 24 h of exposure, indicating that apoptosis 4369 

was induced in the cell culture. Positive controls were not included in the study. [The authors reported the 4370 

efficiency of their exposure system to be 0.35 W/kg/(input Watt) and aimed for a target SAR of 1 W/kg. 4371 

However, it was stated that an input power of 31.6 W was fed into the exposure system, which would lead to a 4372 

SAR of approximately 10 W/kg. Since culture temperatures were not measured during RF exposure and since 4373 

the exposure details are not clearly reported, the results of this study must be cautiously interpreted as thermal 4374 

confounding may have occurred. This study has also been described in Sections 12.3.3 (gene and protein 4375 

expression), 12.3.4 (Apoptosis) and 12.3.6 (Cell proliferation).] 4376 

Hirose et al. (2006) examined gene transcript levels in A172 and IMR-90 cells following RF EMF 4377 

exposure. A series of genes known to be components of p53-mediated apoptosis (including APAF1, TP53, 4378 

TP53BP and CASP9) were assessed after cells were exposed to 2142.5 MHz at SARs of 0.08ï0.8 W/kg for up to 4379 

48 h. The authors observed no significant differences in the expression of these p53-related apoptosis genes 4380 

relative to sham-control groups under any condition tested. Heating of cultures at 42 °C served as positive 4381 

control and resulted in a significant increase in gene expression. [These observations are based on only two 4382 

independent experiments for each condition, thereby limiting the significance of these results. This study has 4383 

also been reported in Sections 12.3.3 (Gene and protein expression) and 12.3.4 (Apoptosis).] 4384 

Jin and colleagues (Jin et al., 2012b) showed that RF exposure of human promyelocytic leukaemia 4385 

HL-60 cells to 900 MHz, CW, at 12 µW/cm
2
 power density for 1 h per day for 3 days did not induce differences 4386 

in intracellular Ca
2+

 levels with respect to sham controls. Intracellular free Ca
2+

 and Ca
2+

-Mg
2+

-ATPase activities 4387 
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were measured by employing cytofluorimetric and spectrophotometric techniques, respectively. Moreover, the 4388 

effect of co-exposure with doxorubicin (DOX, a chemotherapeutic drug) were also investigated: pre-exposure to 4389 

RF protected HL-60 cells from subsequent treatments with DOX, since the intracellular Ca
2+

 levels were lower 4390 

in RF-exposed and DOX-treated cells as compared to cells treated with DOX alone (p<0.01). [The results refer 4391 

to only two independent experiments, thereby limiting the significance of these results. This study has also been 4392 

described in Section 12.3.4 (Apoptosis)].] 4393 

Yoon et al. (2011) exposed cultured human dermal cells (hDPCs) to 1763 MHz RF EMF at SARs of 2 4394 

or 10 W/kg. After 3 h exposure at a SAR of 10 W/kg, the authors observed increased transcript expression of 4395 

IGF-1 (p<0.05). They also observed increased phosphorylation of MAPK1 and protein expression of BCL-2 and 4396 

cyclin D1, but decreased expression of Bax [this data appears to results from one independent experiment].  In a 4397 

follow-up experiment, VEGF and IGF-1 transcript expression were increased after only 1 h of RF exposure at 10 4398 

W/kg (p<0.05). Similar alterations in IGF-1 transcript expression were not observed in four other cell lines 4399 

exposed to the similar RF exposure conditions. Positive controls were not included in the study design. [It is 4400 

unclear whether mRNA was pooled from multiple donors for transcript analysis, which would effectively result 4401 

in one independent sample, or whether true independent experiments were conducted. Since the experimental 4402 

approach employed is unclear, the significance of these findings is questionable. This study has also been 4403 

described in Sections 12.3.4 (Apoptosis), 12.3.5 (Oxidative stress) and 12.3.6 (Cell proliferation).] 4404 

Hao et al. (2010) exposed murine microglial (N9) cells to 2450 MHz pulsed (2 µs, 500 pps) RF EMF 4405 

for 20 min at a SAR of 6.2 W/kg (three independent experiments). At 1ï12 h after RF exposure, cell extracts 4406 

were assessed by Western blot for the expression levels of phosphorylated STAT3, JAK1 and JAK2. Increased 4407 

expression of p-STAT3 and p-JAK2 were reported at 1ï12 h after RF exposure, while p-JAK1 was only 4408 

increased at 1 h post-exposure. When cells were co-exposed to pyridine 6 (an inhibitor of JAK), p-STAT3 by RF 4409 

EMF was not increased. In a related study by the same group, Yang et al. (Yang et al., 2010) investigated 4410 

additional time-points and inhibitor conditions (three independent experiments). N9 microglia cells were 4411 

exposed to RF EMF for 20 min at a SAR of 6 W/kg, then assessed at 1ï24 h thereafter.  The authors reported 4412 

that N9 cells showed increased p-STAT3 immunoreactivity following RF exposure, when imaged by confocal 4413 

microscopy (p<0.01). Western blot analysis demonstrated increased levels of both p-STAT3 and p-JAK2 at 4414 

times ranging from 1ï24 h after RF exposure (p<0.01), while p-JAK1 was only increased in expression at 1 h 4415 

post-exposure. [In both studies, the cultures were exposed to a relatively high RF field intensity of ~6 W/kg. 4416 

Since culture temperatures were not monitored during or after RF exposure and SAR heterogeneity was not 4417 

assessed within the culture flasks, thermal confounding in these studies cannot be excluded. Moreover, the 4418 

results cannot be interpreted since the description of the exposure system and dosimetry is not adequate. These 4419 

studies have also been described in Section 8.3 (Neurodegenerative disorders).] 4420 

Liu et al. (2011) exposed primary rat cortical neuron cultures to RF EMF from a Nokia mobile phone 4421 

(GSM/GPRS 900/1800 MHz) in ñonò mode. Sham exposures were carried out in the ñstand-byò mode.  The 4422 

mobile phone was placed atop a 6-well culture plate in a tissue culture incubator and the cells were exposed for 2 4423 

h, six times a day for 2 days (three independent experiments). The authors reported a significant increase in total 4424 

Bax after mobile phone irradiation by immunoprecipitation assay (p<0.001), but no change in total Bax was 4425 

observed by Western blot assay (p>0.05). The levels of active-Bax was reported to be significantly higher than in 4426 

the sham control in both assays (p<0.01). [There is an inadequate description of the RF exposure system and 4427 

dosimetry. Use of a mobile phone in ñonò mode as the exposure source does not provide appropriate control of 4428 

the exposure level. Moreover, it is questionable whether placing the mobile phone in stand-by mode is an 4429 

appropriate sham control, and therefore whether the study fulfilled the inclusion criteria. This study has also 4430 

been reported in Sections 5.4 (Brain physiology and function) and  12.3.4 (apoptosis).] 4431 

Yao et al. (2004) exposed cultured rabbit epithelial cells (RLEC) to 2450 MHz continuous-wave RF 4432 

EMF for 4ï8 h at power densities ranging from 0.1ï2.0 mW/cm
2
. The authors examined the expression of two 4433 

genes related to the cell cycle, namely p27Kip1 and p21WAF1. Western blot analysis (five independent 4434 

experiments) demonstrated increased protein expression of p27Kip1 (p<0.05) after 4ï8 h exposure at 2.0 4435 

mW/cm
2
, but no changes were observed in p21WAF1 expression. RT-PCR analysis found no significant 4436 

difference in the transcript expression of these genes (four independent experiments; see section 12.3.3). 4437 

[Temperature measurements indicated a 0.6 °C increase in temperature in the exposed samples. The results of 4438 

this study cannot be interpreted since no dosimetric evaluation was performed. This study has also been 4439 

described in Sections 6.4 (Auditory function), 12.3.3 (Gene and protein expression) and 12.3.6 (cell 4440 

proliferation).] 4441 
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Friedman et al. (2007) reported that exposure of Rat1 cells and serum-starved HeLa cells to 875ï950 4442 

MHz RF EMF at power densities ranging from 0.07ï0.31 mW/cm
2
 for 5ï30 min, caused increased 4443 

phosphorylation of ERK1/2, but not p38-MAPK or JNK1/2. The authors suggest that this activation is mediated 4444 

by ROS generation following activation of NADPH oxidase by RF EMF. [The Western blot data were derived 4445 

from only one to three independent experiments for each endpoint. In many cased densitometric analysis of 4446 

Western blots was not conducted. Statistical analysis of densitometry data was not performed. There was no 4447 

assessment of dosimetry within the samples and the SAR within the mobile phone-exposed cells is unknown. 4448 

Moreover, it is not reported how the sham-controls have been performed. This study has been also described in 4449 

Section 12.3.3 (Gene and protein expression).] 4450 

Natarajan et al. (2002) investigated the capability of RF EMF to promote DNA-binding activity of 4451 

nuclear factor kappa B (NF-ʢB), a protein complex involved in cellular responses to several stimuli, including 4452 

inflammatory cytokine, chemokines and interferon. They exposed human monocyte Mono-Mac-6 cells to 4453 

pulsed-wave radiation used in radar (8.2 GHz, 2.2 ɛs pulse width and pulse repetition rate of 1000 pulses/s, SAR 4454 

= 10.8 ± 7.1 W/kg at the bottom of the culture flask), for 90 min at 37 °C. During exposure, cell cultures were 4455 

maintained at 37.4 ± 0.4°C while sham-exposed cultures were kept at 37.2 ± 0.4°C. Cells were then re-incubated 4456 

at 37 °C, and harvested 4 h post-exposure. Results showed a 3.6-fold increase in DNA-binding activity of NF-ʢB 4457 

in exposed monocytes compared to the sham exposed ones (two independent experiments carried out in 4458 

triplicate). Cell cultures treated with IL-1 were included in the study as positive control and gave the expected 4459 

results. The authors also performed experiments aimed to investigate the effect of heating and observed a 4460 

decrease in NF-ʢB DNA-binding activity at 43 °C. [Nevertheless, as also stated by the authors, a broad 4461 

distribution of SAR levels in the samples cannot be excluded. The results of this investigation cannot be 4462 

interpreted due to the scanty number of experiments; moreover, data are reported as fold-changes and statistical 4463 

analysis has not been performed. This study has also been presented in Section 10.3 (Immune system and 4464 

haematology).]  4465 

In a follow-up study, Natarajan et al. (2006) exposed the same cell type (Mono-Mac-6) for 90 min 4466 

intermittently (30 min on, 30 min off, 30 min on) to 0.79 ns long pulses with average peak electric field of 1 4467 

kV/cm (100 kV/m), pulse repetition rate of 250 Hz and carrier frequency ranging from 0 Hz to 2 GHz. Cells 4468 

were incubated and harvested at 10 min, 3 h, 8 h and 24 h post exposure. No difference in the levels of NF-kB 4469 

DNA-binding activity was detected in cells harvested at 10 min, 3h and 8 h, while  24 h incubation after 4470 

exposure resulted in a 3.5-fold increase in NF-ʢB-binding activity in exposed cultures compared to sham 4471 

controls. Such an increase disappeared at 48 h incubation post exposure. However, the exposure did not 4472 

significantly affect the expression of the ʢB-dependent gene expression profiles, measured at 8 and 24 h post 4473 

exposure. In cultures exposed to gamma rays as positive control, positive findings were found. [The validity of 4474 

the results remains unclear since the number of independent experiments carried out is not reported. Moreover, 4475 

data are reported as fold-changes, although the authors claimed that statistical analysis has been performed. This 4476 

study has also been discussed in Section 10.3 (Immune system and haematology)] 4477 

Table 12.3.6. In vitro studies assessing effects of RF EMF exposure on signal transduction pathway 

Cell type 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Reference 

Human T-
lymphocytes-
derived  (Jurkat) 
cells and rat 
primary 
astrocytes 

n=3 

Phosphorylation: 
p38MAPK, ERK1/2 
and JNK1/2 

1763 MHz CDMA 

SAR 2 or 20 W/kg 

30 min or 1 h 

Combined exposures 
with TPA 

No effect in the 
presence or 
absence of TPA 

For gene and protein 
expression see 
section 12.3.3 

No information on 
blinding of staff. 

(Lee et al., 
2006) 

Human breast 
epithelial 
(MCF10A) cells 

n=3 

Phosphorylation and 
protein: ERK, JNK, 
p38 

837 MHz CDMA 

SAR 4 W/kg 

4 h; 

837 MHz, CDMA, plus  
1950 MHz WCDMA  

SAR 2+2 W/kg 

4 h or 2 h/day for 3 
days 

 

No effect. Single or multiple 
exposures. 

For gene and protein 
expression see 
section 12.3.3 

No information on 
blinding of staff. 

(Kim et al., 
2012) 
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Mouse auditory 
hair cell-derived 
(HEI-OC1) cells 

n=3 

Phosphorylation and 
protein: ERK1/2, JNK, 
p38 

1763 MHz CDMA 

SAR 20 W/kg 

15ï120 min 

 

No effect. For results on auditory 
system, genotoxicity, 
gene and protein 
expression and 
proliferation see 
sections 6.4, 12.3.1, 
12.3.3 and 12.3.6. 

No information on 
blinding of staff. 

(Huang et al., 
2008b) 

Mouse 
embryonic stem 
(ES) cells 

n=5 

mRNA: bax, GADD45, 
Nurr1 

1710 MHz GSM 

Average SAR 1.5 
W/kg 

up to 48 h 

 

Transient 
expression 
changes.  

For genotoxicity, gene 
and protein 
expression, apoptosis 
and proliferation see 
sections 12.3.1, 
12.3.3, 12.3.4 and 
12.3.6. 

 

(Nikolova et al., 
2005) 

Human 
fibroblast 
(WS1neo and 
primary cells) 

n=3 

Protein: p53 837 MHz CW 

SAR 0.9 or 9 W/kg 

2 h 

 

No effect.  (Li et al., 1999) 

Human breast 
cancer derived 
(MCF7) cells 

n=3 

Protein: p53, p21, 
cyclin (A, B1, D1) 

837 MHz CDMA 

SAR 4 W/kg 

1 h; 

837 MHz, CDMA, plus  
1950 MHz WCDMA  

SAR 2+2 W/kg 

1 h 

No effect. Single and multiple 
exposures. 

For cell proliferation 
see Section 12.3.6 

(Lee et al., 
2011b) 

Human amniotic 
cells (primary) 

n=3 

Protein: p53, 
phosphorylated-p53 

900 MHz GSM 

Average SAR 0ï4 
W/kg 

24 h 

No effect. For gene and protein 
expression, apoptosis 
and cell proliferation 
see Sections 12.3.3, 
12.3.4 and 12.3.6. 

No information on 
blinding of staff. 

(Bourthoumieu 
et al., 2013) 

Human amniotic 
(FL) cells 

n=3 

EGF receptor 
clustering and 
phosphorylation 

1800 MHz, GSM 

Average SAR 0.1ï4 
W/kg 

15 min 

Increase in EGF 
clustering from 0.5 
to 4 W/kg. 

 (Sun et al., 
2012) 

Human 
peripheral blood 
mononuclear 
cells (PBMC) 

n=15 

mRNA: variety of 
cytokine and immune-
relevant genes 

1950 MHz, GSM 

Average SAR 1 W/kg 

8 h 

(5 min on/10 min off 
cycles) 

No effect.  For immune system 
see section 10.4 

(Tuschl, Novak 
& Molla-Djafari, 
2006) 

Human 
trophoblast 
(HTR-8/SVneo) 
cells 

n=5 

mRNA and protein: 
connexin (40 and 43) 

1817 MHz, GSM 

Average SAR 2.0 
W/kg 

1 h 

 

Increased Cx40 and 
Cx43 transcript 
expression, no 
change in protein 
expression. 

 (Cervellati et al., 
2009) 

ñNo effectò means no statistically significant effect. 

Abbreviations: CDMA: code division multiple access; CW: continuous wave; EGFR: epidermal growth factor receptors; ERK: 
extracellular-signal regulated kinase; GSM: Global System for Mobile Communication; JNK: 1/2c-Jun N-terminal kinase; MAPK: 
mitogen-activated protein kinase; RT-PCR: Reverse transcriptase-polymerase chain reaction; SAR: specific absorption rate; 
TPA: 12-O-tetradecanoylphorbol-13-acetate; W-CDMA: Wideband Code Division Multiple Access 

 4478 

Cytokine expression 4479 

Cytokines are signalling molecules (proteins, peptides or glycoproteins) involved in cell signalling. 4480 

They are key regulators of cell activation and inhibition and their expression regulates the signals to the immune 4481 

system to promote, for example, inflammation. Inappropriate expression of cytokines can induce an immune 4482 
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response, and can cause diseases. Studies on the cytokine expression in vitro are quite sparse and have been 4483 

appearing only in the very recent years. Among the six recognized studies, five have been carried out on immune 4484 

competent cells and have already been reported in Section 10.3. The study by Yoon et al. (2011) has been 4485 

already quoted in Section 12.3.2.2 under the studies not included in the analysis, due to methodological issues. 4486 

Therefore, all the studies on cytokine expression will only be briefly summarized here.  4487 

Tuschl et al. (2006) exposed human lymphocytes, monocytes, and lymphocyte activated killer (LAK) 4488 

cells from at least 15 volunteers to RF EMFs at 1950 MHz, GSM modulated, at an SAR of 1 W/kg for 8 hours (5 4489 

min on/10 min off cycles) in blind conditions. No differences were detected relative to sham-exposed controls in 4490 

the expression of different cytokines (IL-1, IL-2, TNF-Ŭ, INF-ɔ), activity of immune-relevant genes and 4491 

cytotoxicity of LAK cells against a tumour cell line. Positive controls were not included in the study design. 4492 

[This study is also discussed in Section 10.4 (Immune system and haematology).] 4493 

Absence of effects on production of several cytokines (TNF-Ŭ, IL-1B, IL-6, IL-8, IL-10, IL-12) was 4494 

also reported by Chauhan et al. (2007a) in different human-derived cell lines (TK6, HL-60, and Mono-Mac-6) 4495 

after 6 h intermittent (5 min on/10 min off cycles) exposure at 1900 MHz pulse-modulated RF EMF at SAR 4496 

values of 1 and 10 W/kg. For each cell line, five independent experiments were carried out. Moreover, no 4497 

differences compared to sham-exposed cultures were also detected in terms of apoptosis, cell cycle progression 4498 

and viability, analysed immediately after the 6-h exposure period and 18 h after exposure. The positive control 4499 

samples (heat shock for 1 h at 43 °C) displayed a significant decrease in cell viability, an increase in apoptosis, 4500 

and an alteration in cell cycle kinetics (G2/M block). [This study has been also presented in Sections 10.4 4501 

(Immune system and haematology), 10.3.3 (Gene and protein expression), 10.3.4 (Apoptosis) and 10.3.6 (cell 4502 

proliferation).] 4503 

In a genomic-wide analysis of gene expression, Huang et al. (2008a) exposed human lymphoblastoid 4504 

Jurkat T-cells to a 1763 MHz CDMA signal for 24 h (SAR = 10 W/kg). The experiments were performed 4505 

blinded.  By comparing exposed and sham exposed cultures, ten genes were identified with a fold-change greater 4506 

than 1.3 and, among them, two cytokine receptor genes, chemokine (C-X-C motif) receptor 3 (CXCR3) and 4507 

interleukin 1 receptor, type II (IL1R2) were down-regulated, but only the CXCR3 variation was statistically 4508 

significant (p<0.05). The results were obtained in five independent experiments. However, these results were not 4509 

confirmed by reverse transcriptase-polymerase chain reaction (RT-PCR). The authors also reported that exposure 4510 

did not produce significant changes in cell number and cell cycle distributions when assayed 24 h after 4511 

exposures. Positive controls were not included in the study design. [This study has been also discussed in 4512 

sections 10.4 (Immune system and haematology), 12.3.1 (Genotoxicity) and 12.3.3 (Gene and protein 4513 

expression).] 4514 

Thorlin and co-workers (2006) exposed rat primary astroglial cells to 900 MHz RF EMF. They 4515 

applied GSM-modulated EMF at an SAR of 3 W/kg for 4, 8 and 24 h, or CW at 27 W/kg for 24 h. The release 4516 

into the extracellular medium of the two pro-inflammatory cytokines IL6 and tumour necrosis factor-alpha 4517 

(TNFŬ) was analysed. Further, the levels of the astroglial cell-specific reactive marker glial fibrillary acidic 4518 

protein (Gfap), whose expression dynamics is different from that of cytokines, were measured in astroglial 4519 

cultures and in astroglial cell-conditioned culture medium after exposure to CW fields at SARs of 27 and 54 4520 

W/kg for 4 or 24 h. Moreover, microglial cell cultures were exposed to 900 MHz, GSM modulated, at an SAR of 4521 

3 W/kg for 8 h, and IL6, TNFŬ, total protein and the microglial reactivity marker ED1 (a macrophage activation 4522 

antigen) were measured. No significant differences between EMF and sham-exposed samples were detected for 4523 

any of the parameters studied at any time and for any of the exposure conditions tested, as assessed in three to 4524 

eight independent experiments performed in blind. Cell cultures incubated at 38° or 42°C were used as positive 4525 

controls and gave positive findings. [This study has also been described in Section 8.3 (neurodegenerative 4526 

disorders) and 10.4 (Immune system and haematology).] 4527 

Absence of effects was also reported by Hirose et al. (2010), who exposed primary rat microglial cells 4528 

to W-CDMA 1950 MHz EMF at SARs of 0.2, 0.8 and 2.0 W/kg and assessed functional changes in immune 4529 

reaction-related molecule expression and cytokine production. The duration of the RF exposure was 2 h and 4530 

assay samples were processed 24 and 72 h later in a blind manner. Results showed that the percentage of cells 4531 

positive for major histocompatibility complex (MHC) class II, which is the most common marker for activated 4532 

microglial cells, did not differ between any of the EMF-exposed groups and the sham-exposed controls. 4533 

Furthermore, no remarkable differences in the production of tumour necrosis factor-alpha (TNFŬ), interleukin-1b 4534 

(IL1b), and interleukin-6 (IL6) were observed (three independent experiments). Treatments with 4535 

lipopolysaccharide or interferon-Ẳ as positive controls gave positive findings. [The SAR distribution in the 4536 

exposed sample was not very homogeneous (standard deviation 57%) and a temperature increase of 0.7 °C was 4537 
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recorded during exposure to an SAR of 2.0 W/kg. This study has also been reported in Section 8.3 4538 

(Neurodegenerative disorders) and 10.4 (Immune system and haematology).] 4539 

Studies not included in the analysis 4540 

Yoon et al. (2011) exposed cultured human dermal cells (hDPCs) to 1763 MHz RF EMF at SARs of 2 4541 

or 10 W/kg. After 3 h exposure at a SAR of 10 W/kg, the authors observed increased transcript expression of 4542 

IGF-1 (p<0.05). They also observed increased phosphorylation of MAPK1 and protein expression of BCL-2 and 4543 

cyclin D1, but decreased expression of Bax [this data appears to result from one independent experiment]. In a 4544 

follow-up experiment, VEGF and IGF-1 transcript expression were increased after only 1 h of RF exposure at 10 4545 

W/kg (p<0.05). Similar alterations in IGF-1 transcript expression were not observed in four other cell lines 4546 

exposed to the similar RF exposure conditions. [It is unclear whether mRNA was pooled from multiple donors 4547 

for transcript analysis, which would effectively result in one independent sample, or whether true independent 4548 

experiments were conducted. Since the experimental approach employed is unclear, the significance of these 4549 

findings is questionable. This study has also been described in Sections 12.3.4 (Apoptosis), 12.3.5 (Oxidative 4550 

stress) and 12.3.6 (cell proliferation).] 4551 

Table 12.3.7. In vitro studies assessing effects of RF EMF exposure on cytokines 

Cell type 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Authors 

Human 
peripheral 
blood 
mononuclear 
cells 

n=15ï22 

mRNA: variety of 
cytokine and immune-
relevant genes 

1950 MHz, GMS 

Average SAR 1 W/kg
 

8 h 

(5 min on/10 min off 
cycles) 

No effect. For Immune 
system see 
Section 10.4. 

(Tuschl, Novak & 
Molla-Djafari, 
2006) 

Human derived 
immune cell 
lines (TK6, HL-
60, Mono Mac-
6) 

n=5 

Inflammatory cytokine 
release (TNF-Ŭ, IL-1B, 
IL-6, IL-8, IL-10, IL-12) 

1900 MHz, Pulse 
Modulated 

Average SAR 1, 10 W/kg   

6 h 

(5 min on/10 min off 
cycles) 

No effects 
immediately 
after exposure 
and 18 h later. 

For immune 
system, gene and 
protein expression, 
apoptosis and cell 
cycle see Sections 
10.4, 12.3.3, 
12.3.4 and 12.3.6. 

(Chauhan et al., 
2007a) 

Human 
lymphoblastoid 
Jurkat T cells 

n=5 

Genome-wide analysis 
of gene expression 

1763 MHz, CDMA  

Average SAR 10 W/kg
 

24 h 

Down-
regulation of 
CXCR3 and 
IL1R2. 

Results not 
confirmed by 
RT-PCR. 

For immune 
system, DNA 
damage and gene 
and protein 
expression see 
Sections 10.4, 
12.3.1 and 12.3.3. 

(Huang et al., 
2008a) 

Rat primary 
astroglial and 
microglial  cells 

n=3ï8 

n=3ï4 

 

Release of TNF- Ŭ and 
IL-6; cellular content of 
Gfap and ED-1  

900 MHz, GSM  

Average SAR 3 W/kg
 
  

4, 8 and 24 h 

900 MHz CW 

SAR 27, 54 W/kg 

 24 h 

No effect. 

 

 

No effect. 

For 
neurodegenerative 
disorders and 
immune system 
see Sections 8.3 
and 10.4. 

(Thorlin et al., 
2006) 

Primary 
microglial cell 
cultures 

n=3 

Changes in immune 
reaction-related 
molecule expression  

Cytokine production 
(TNF-alpha, IL-1beta, 
IL-6) 

1950 MHz, W-CDMA  

Average SAR 0.2, 0.8, 2 
W/kg   

2 h 

No effects 24 
and 48 h after 
exposure. 

SAR not 
homogeneous. 

For 
neurodegenerative 
disorders and 
immune system 
see Sections 8.3 
and 10.4. 

(Hirose et al., 
2010) 

No effectò means no statistically significant effect. 

Abbreviations: CDMA: code division multiple access; GSM: Global System for Mobile Communication; IL: interleukin; RT-PCR: 
Reverse transcriptase-polymerase chain reaction; SAR: specific absorption rate; TNFŬ: tumor necrosis factor Ŭ. 

 4552 
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12.3.3 Gene and protein expression 4553 

In the previous WHO report (WHO, 1993b) no studies on gene and protein expression were reported. 4554 

The present literature search identified 72 papers on this topic. Nine studies did not meet the inclusion criteria for 4555 

in vitro studies and were not considered, but references are reported at the end of the chapter. Among the 4556 

remaining 63 papers, 19 do not completely comply with the quality criteria for inclusion due to methodological 4557 

issues (inadequate description of exposure system and dosimetry, small number of experiments, lack or 4558 

inadequate statistical analysis) and are only presented in the text. The 44 included studies deal with heat shock 4559 

proteins (Section 12.3.3.1), proto-oncogenes (Section 12.3.3.2), Ornithine Decarboxylase (ODC) activity 4560 

(Section 12.3.3.3) and the use of high-throughput genomics and proteomics technologies (Section 12.3.3.4). In 4561 

some cases combined exposures with chemical agents have also been carried out. All studies reported below 4562 

included sham exposed cultures 4563 

In this draft is not yet reported if studies have been carried out blinded. Moreover no information are 4564 

given on positive controls included in the study design. 4565 

12.3.3.1 Heat Shock Proteins (HSP)  4566 

One group of proteins that have been reported to be affected by RF EMFs are the ñstress proteinsò, 4567 

also known as the heat shock proteins (HSP). HSPs are a family of chaperone proteins that are found in all cell-4568 

types, are highly conserved and abundantly expressed with diverse functions. They are expressed in response to 4569 

cold, heat and other environmental stresses, although some are constitutively expressed. HSPs increase heat 4570 

tolerance and perform functions essential to cell survival under these conditions. Some HSPs serve to stabilize 4571 

proteins in abnormal configurations, while others play a role in the folding and unfolding of proteins, acting as 4572 

molecular chaperones. Stress-induced transcription of HSPs requires activation of heat shock factors that bind to 4573 

the heat shock promoter element, thereby activating its transcription activity. As HSPs and their associated 4574 

factors are induced by a variety of stressors, HSP gene and protein expression have been extensively investigated 4575 

in response to RF exposure in a variety of cell models. Such studies have explored both the protein and transcript 4576 

expression of a variety of HSP, but also the phosphorylation status of these proteins. 4577 

In a follow-up study of Leszczynski et al. (2002) (described under Studies not included in the 4578 

analysis), Nylund et al. (2009) exposed a human endothelial cell line (EA.hy926) to 1800 MHz GSM-modulated 4579 

RF EMF for 1 h at a SAR of 2.0 W/kg. The authors reported 8 differentially expressed proteins (p<0.05) by 2D-4580 

gel electrophoresis. No statistically significant changes were observed on HSP27 (or other HSP) or vimentin 4581 

protein expression, however, phosphorylation status was not assessed. These results are based on 5 independent 4582 

experiments.  4583 

Czyz et al. (2004) reported that exposure of mouse embryonic stem (ES) cells to 1710 MHz GSM-4584 

modulated RF EMF at SAR values of 1.5 W/kg for 48 h and 2.0 W/kg for 72 h could induce a significant 4585 

(p<0.05) and stable up-regulation in transcript levels of HSP70 in p53-deficient cells, but not in wild-type cells. 4586 

No effects were observed when the 1710 MHz signal was modulated using a ñGSM-talkò paradigm at the same 4587 

slot-averaged SAR values (6 independent experiments). The authors speculated that certain signal characteristics 4588 

(e.g. 217 Hz modulation of the carrier signal) and biological/genetic conditions (e.g. p53 function) may be 4589 

important for the detection of RF-related cellular responses.  4590 

Valbonesi et al. (2008) observed no changes in HSP70 protein or transcript expression in a human 4591 

trophoblast cell line (HTR-8/neo) following a 1 h exposure to 1800 MHz RF EMF at a SAR of 2 W/kg (6 4592 

independent experiments). In a follow-up study, Franzellitti et al. (2008) examined HSP70 gene and protein 4593 

expression in HTR-8/SVneo cells after prolonged exposure (4ï24 h) to 1800 MHz, CW or GSM-modulated 4594 

(GSM-talk and GSM-217 Hz). Protein expression of HSP70 and HSC70 were unchanged after RF exposure. 4595 

Similarly, the transcript expression of HSP70A, HSP70B and HSC70 was unchanged. However, the transcript 4596 

expression of HSP70C varied across the test conditions. HSP70C transcript expression was unchanged after CW 4597 

exposure, but was decreased after 4ï16 h exposure to GSM-talk and increased at 24 h after GSM-217 Hz 4598 

exposure (6 independent experiments; p<0.05).  4599 

Vanderwaal et al. (2006) exposed a series of cell lines (HeLa, S3 and EA.hy926) to either 837 MHz 4600 

Time Division Multiple Access (TDMA)-modulated RF EMF for 1, 2 or 24 h at a SAR of 5 W/kg or 900 MHz 4601 

GSM-modulated RF for 1, 2 or 5 h at a SAR of 3.7 W/kg and used Western blots to assess the expression of 4602 

phosphorylated-HSP27. In 3 independent experiments for each cell line, the authors found no evidence that RF 4603 
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exposure altered the expression of phosphorylated-HSP27 in any of these cell lines under any conditions tested, 4604 

while heat-shock at 45 °C was found to markedly increase the expression of phosphorylated-HSP27.  4605 

Lee et al. (2006) exposed human T-lymphocyte-derived Jurkat cells and rat primary astrocytes to 1763 4606 

MHz Code Division Multiple Access (CDMA)-modulated RF EMF at SARs of 2 or 20 W/kg for up to 1 h. The 4607 

authors reported no significant differences in the protein expression of HSP27, HSP70 or HSP90 in either cell 4608 

type (3 independent experiments). Similarly, no alterations in the expression of phosphorylated-HSP27, HSP70 4609 

or HSP90 were observed in rat primary astrocytes after RF exposure. [This study has already been described in 4610 

section 12.3.2 (Intracellular and intercellular signalling).] 4611 

Kim et al. (2012) exposed human mammary (MCF10A) cells to 837 MHz and/or 1950 MHz RF EMF 4612 

for 2 to 4 h at a SAR of 2 to 4 W/kg.  The expression levels and phosphorylation states of several HSPs (HSP27, 4613 

HSP70, HSP90) were analyzed by Western blot. In three independent experiments the authors found no evidence 4614 

that single or repeated exposure of these cells to RF could elicit expression or phosphorylation changes of any 4615 

HSPs. [This study has been already described in Section 12.3.2 (Intracellular and intercellular signalling).] 4616 

Miyakoshi et al. (2005) exposed human malignant glioma cells (MO54) to 1950 MHz CW RF-EMF 4617 

for up to 2 h at SARs of 1, 2, and 10 W/kg. Exposed cells (from 3 to 6 independent experiments) did not show 4618 

increased HSP27 or HSP70 protein expression. However, cells exposed at a SAR of 10 W/kg for 1ï2 h exhibited 4619 

a significant decrease in the level of phosphorylated-HSP27 relative to the sham-exposed controls (p<0.05).   4620 

Wang et al. (2006) exposed A172 cells to relatively high intensity 2450 MHz at SARs ranging from 5 4621 

to 200 W/kg for 1ï3 h. In 3 independent experiments the authors detected significantly increased expression of 4622 

HSP70 and increased expression of phosphorylated-HSP27 at SARs greater than 50 W/kg (p<0.01). [These 4623 

results are most likely attributable to thermal effects.]  4624 

Huang et al. (2008b) exposed a mouse auditory hair cell line (HEI-OC1) to 1763 MHz CDMA-4625 

modulated RF EMF at a SAR of 20 W/kg for 6ï24 h. No changes in the protein expression levels of HSP27, 4626 

HSP70 or HSP90 were observed following 6, 12 or 24 h RF exposure (3 independent experiments). [This study 4627 

has been already quoted in section 12.3.2 (Intracellular and intercellular signalling).] 4628 

Lantow et al. (2006a) exposed human umbilical cord blood-derived monocytes and lymphocytes to 4629 

1800 MHz CW or GSM-modulated RF EMF at 2 W/kg for 1 h. No effects on the protein expression of HSP70 4630 

were observed in the exposed monocytes at 0, 1 or 2 h post-exposure, relative to the sham controls, as assessed 4631 

in 3 independent experiments, under any RF exposure condition tested.  4632 

Similar results were observed in a series of studies by another research group. Chauhan et al. (2006a; 4633 

2006b; 2007b) and Qutob et al. (2006) exposed a variety of human-derived cell lines (Mono-Mac-6, U87MG, 4634 

HL60, TK6) to 1900 MHz pulse-modulated RF EMF for 4 to 24 h at SARs ranging from 0.1 to 10 W/kg. In each 4635 

of these studies, conducted by performing 5 independent experiments, concurrent sham and heat-shock positive 4636 

controls were included. The authors found no evidence of altered transcript expression for HSP27, HSP40, 4637 

HSP70, HSP90 or HSP105 in any of these cell lines following any RF condition tested.  4638 

Several studies have evaluated alterations in HSP expression or activating in primary human cells. 4639 

Capri et al. (2004a) exposed human peripheral blood mononuclear cells (PBMC) from 6 young and old donors to 4640 

three different GSM-modulations of 1800 MHz RF EMF for 44 h (10 min on, 20 min off) at SARs of 1.4 and 2.0 4641 

W/kg.  Using flow cytometry, the extent of fluorescence-labelling of HSP70 on exposed PBMC was not found to 4642 

be significantly different than that of sham-exposed PBMC for any of the conditions tested.  4643 

Lim et al. (2005) exposed diluted (1:1) human peripheral whole blood to 900 MHz CW or GSM-4644 

modulated RF EMF at SARs of 0.4 to 3.6 W/kg for times ranging from 20 min to 4 h. No statistically significant 4645 

differences were detected in the percentage of lymphocytes or monocytes expressing elevated HSP27 or HSP70 4646 

after any RF exposure conditions. The data are based upon three independent experiments. 4647 

Sanchez et al. (2006b) exposed isolated human skin cells (4 to 5 independent experiments) and 4648 

reconstructed human epidermis (4 to 7 independent experiments) to 900 MHz GSM-modulated RF-EMF at a 4649 

SAR of 2 W/kg for 48 h. Microscopy analysis of fluorescently-labelled HSC70, HSP27 and HSP70 4650 

demonstrated no detectable changes in the protein expression of HSC70, HSP27 or HSP70 in keratinocytes 4651 

following RF exposure. However, HSC70 protein expression was reported to be significantly decreased in 4652 

fibroblasts after exposure (p<0.05). Similar changes in HSC70 expression were not observed in normal human 4653 
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fibroblasts purchased from a commercial supplier following similar RFR conditions. The authors reported a 4654 

slight, but significant, increase in HSP70 expression in reconstructed human epidermis cells at 3ï5 weeks after 4655 

RF exposure, relative to the sham controls (p<0.05). However, this observation was based upon declining HSP70 4656 

expression in the sham group over time, rather than an increase in HSP70 expression in the exposed group over 4657 

time. In a follow-up study, the same investigators found that primary human skin cells (keratinocytes and 4658 

fibroblasts) did not display any alterations in HSP27, HSP70 or HSC70 protein expression following a 48 h 4659 

exposure to 1800 MHz GSM-modulated RF (Sanchez et al., 2007). This study had 8 independent experiments 4660 

for fibroblasts and 3ï6 independent experiments for fibroblast cells. [The authors did not speculate on the 4661 

differential responses observed between these two studies.] 4662 

Terro et al. (2012) exposed cultured cerebral cortical cells to 900 MHz GSM-modulated RF EMF for 4663 

24 h at a SAR of 0.25 W/kg. Protein expression of HSC70 was increased by ~26% (p<0.01) and HSP90 was 4664 

decreased by ~10% (3 independent experiments; p<0.05), however similar changes were observed to occur after 4665 

relatively modest temperature alterations of 0.3-0.5 °C in these experiments. [Since the temperature within the 4666 

RF exposed cultures increased by ~0.5 °C during the 24 h exposure period relative to the sham controls, it is 4667 

likely that  the observed changes on HSP expression are due to temperature elevations in the RF-exposed 4668 

samples.]   4669 

Laszlo et al. (2005) exposed hamster (HA-1), mouse (C3H 10T1/2) and human (HeLa, S3) cell 4670 

cultures to 835.62 MHz or 847.74 MHz frequency domain multiple access (FDMA) or CDMA-modulated RF 4671 

EMF at SARs of ~0.6 W/kg and ~5 W/kg for 5 min to 24 h. The heat shock factor (HSF) DNA-binding activity 4672 

was examined using a 32P-labelled HSF gel shift assay. The authors reported no evidence of altered in HSF 4673 

DNA-binding ability in response to RF exposure in any of the cell lines for any of the exposure conditions (3 4674 

independent experiments). 4675 

Two studies have assessed the effect of millimeter wave RF EMF exposures on HSP expression in 4676 

cultured cell lines.  4677 

Zhadobov et al. (2007) exposed a human glial cell line (U-251MG) to 60 GHz RF-EMF for  33 h at 4678 

power densities of 5.4 ɛW/cm
2
 or 0.54 mW/cm

2
.In 3 to 7 independent experiments, the authors found no 4679 

evidence that low level millimeter-wave exposure altered the transcript or protein expression of clusterin or 4680 

HSP70.  4681 

Nicolaz et al. (2009) assessed the effect of millimeter wave (59ï61 GHz) on endoplasmic reticulum 4682 

stress-responsive chaperone proteins. After 24 h exposure at SARs of 2.64ï3.30 W/kg, the transcript levels of 4683 

BiP/GRP78, ORP/GRP170 and HSP70 were assessed by RT-PCR and found to be unaffected by RF exposure (3 4684 

to 4 independent experiments). 4685 

Only two studies have assessed the effect of RF EMF exposure combined with another agent on HSP 4686 

protein expression. Simkó et al. (2006) exposed a human monocyte-derived cell line (Mono-Mac-6) to 1800 4687 

MHz CW or GSM-modulated RF EMF for 1 h at a SAR of 2 W/kg, either alone or in conjunction with ultra-fine 4688 

particles. The authors reported that RF exposure alone or co-exposure with ultra-fine particles had no effect on 4689 

altering HSP70 protein expression (3 to 6 independent experiments). In a follow-up study, Lantow et al. (2006c) 4690 

investigated whether 1800 MHz CW or GSM-modulated RF exposure at SARs of 0.5 to 2.0 W/kg for 45 min, 4691 

either alone or in the presence of phorbol 12-myristate 13-acetate (PMA), could cause altered expression of 4692 

HSP70 in Mono-Mac-6 and K562 cells. No significant effects were detected in HSP70 protein expression in 4693 

either cell-line from RF exposure, under any of the conditions tested (4 to 6 independent experiments). 4694 

Studies not included in the analysis 4695 

Cleary et al. (1997) exposed HeLa cells and CHO cells to 27 MHz or 2450 CW MHz RFR at a SAR 4696 

of 25 or 100 W/kg under isothermal exposure conditions (37 ± 0.2 °C) for 2 h. The authors reported no evidence 4697 

of altered stress protein induction was observed in either cell line under any of the RFR exposure conditions 4698 

tested (2 independent experiments). [No statistical analysis was performed on these results.] 4699 

Leszczynski et al. (2002) exposed a human endothelial cell line (EA.hy926) to 900 MHz global 4700 

system for mobile communication (GSM)-modulated RFR for 1 h at an average SAR of 2 W/kg. The authors 4701 

reported altered phosphorylation status for several proteins (4 independent experiments). Specifically, HSP27 4702 

was reported to undergo a transient increase in expression and phosphorylation immediately after exposure. At 8 4703 

h after exposure, decreased expression of HSP27 was observed. [However, none of these observations were 4704 
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subjected to statistical analysis. This paper has been also described in Sections 5.4.1 (Brain physiology and 4705 

function) and in 12.3.2 (Intracellular and intercellular signalling).] 4706 

Tian et al. (2002) exposed human glioma (MO54) cells to 2450 MHz RF EMF at a SAR of 5ï100 4707 

W/kg for exposure times of 2ï16 h. Significant increases in HSP70 protein levels were observed at SARs 4708 

ranging from 25  to 100 W/kg (p<0.05), but no effect on HSP70 protein expression was observed at SARs below 4709 

20 W/kg. [Thermal confounding cannot be ruled out in this study at the higher SARs tested due to the highly 4710 

non-uniform SAR distributions within the exposure system and the extreme loss of cell viability (~70%) 4711 

observed among some samples during RF exposure. Moreover, the number of independent experiments is not 4712 

reported and statistical analysis was not performed on much of the data.] 4713 

Lixia et al. (2006) exposed human lens epithelial cells (hLEC) to 1800 MHz GSM-modulated RF 4714 

EMF for 2 h at SARs of 1ï3 W/kg. The authors noted increased HSP70 protein expression at higher doses 4715 

(p<0.05), but no corresponding change was observed in mRNA expression. [The number of independent 4716 

experiments is not reported although statistical analysis was performed. This study has been described in detail 4717 

in Section 12.3.1 (genotoxicity).]  4718 

Hirose et al. (2007) examined the effect of RF exposure on HSP27 phosphorylation, transcript and 4719 

protein expression in two cell lines. Human glioblastoma-derived A172 cells and human fetal lung-derived IMR-4720 

90 fibroblasts were exposed for 2ï48 h to 2142.5 MHz CW or wideband-CDMA modulated RF EMF at SARs of 4721 

0.08 to 0.8 W/kg. No evidence of altered HSP27-phosphorylation or transcript expression of a variety of HSPs 4722 

was observed in either cell line under any conditions tested. [Only two independent experiments from each cell 4723 

line were conducted in this study.] 4724 

Gurisik et al. (2006) exposed a human glioblastoma cell line (U937) to 900 MHz GSM-modulated RF 4725 

EMF for 2 h at a SAR of 0.2 W/kg. The authors found no evidence of altered HSP60, HSP70 or HSP90 protein 4726 

levels at 2 h post exposure (4 independent experiments). [However, the authors also reported that these cell 4727 

cultures demonstrated low viability (~65%) in both the sham and RF-exposed samples at 24 h post-exposure. 4728 

Furthermore, no statistical analysis was performed on Western blot data.] 4729 

Ding et al. (2009) exposed three human glioma cell lines (MO54, A172, and T98) to 1950 MHz CW 4730 

RF EMF for 1 h at a SAR of 1 or 10 W/kg. The authors reported that RF field exposure did not alter the 4731 

distribution or expression of HSP27, or the protein expression of HSP27 or HSP70 under any of the RF exposure 4732 

conditions or cell lines tested (2 independent experiments). However, a significant decrease in p-HSP27 was 4733 

observed in MO54 cells after a 1 h exposure to RF EMF at 10 W/kg (p < 0.05). [There is no description of the 4734 

RF exposure system or dosimetry. The results are based upon an inadequate number of independent 4735 

experiments.] 4736 

Table 12.3.8. In vitro studies assessing the effect of RF fields on Heat Shock Proteins (HSP) in cell lines 

Cells 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Authors 

Human umbilical 
vein (EA.hy926) 
cells 

n=5 

protein: HSP27 1800 MHz, GSM 

Average SAR 2 W/kg 

1 h 

No effect. Follow up study to 
Leszczynski et al. 
(2002) 

Phosphorylation 
not assessed. 

Nylund et al. 
(2009) 

Mouse embryonic 
stem (ES) cells  

n=6 

mRNA: HSP70 1710 MHz, GSM 

Average SAR 1.5 W/kg 

48 h 

Average SAR 2.0 W/kg 

72 h 

Increased 
HSP70 transcript 
expression in 
p53-deficient 
cells. 

For Proto-
oncogenes see 
12.3.3.2 

Czyz et al. (2004) 

Human 
trophoblast-derived 
cell line (HTR-8/SV 
neo) 

n=6 

mRNA and protein: 
HSP70 and HSC70 

1817 MHz, GSM 

Average SAR 2 W/kg 

1 h 

No effect.  Valbonesi et al. 
(2008) 
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Human 
trophoblast-derived 
cell line (HTR-8/SV 
neo) 

n=6 

protein and mRNA: 
HSP70 (A, B, C) and 
HSC70 

1800 MHz, CW or GSM 

SAR 2 W/kg 

4ï24 h 

No effect on 
protein or 
transcript 
expression for 
HSP70(A  and 
B) and HSC70. 

HSP70C had 
varied transcript 
expression in 
response to 
1800 MHz GSM-
talk and GSM-
217 Hz. 

Follow up study to 
Valbonesi et al. 
(2008) 

Franziletti et al. 
(2008) 

Human cervical 
cancer-derived 
(HeLa S3) cells, 
human umbilical 
vein (EA.hy926) 
cell lines 

n=3 

protein: p-HSP27 837 MHz, TDMA;  

900 MHz, GSM 

SAR 5 W/kg 

1, 2 or 24 h 

Average SAR 3.7 W/kg 

1, 2 or 5 h 

No effect.  Vanderwaal et al. 
(2006) 

Human T-
lymphocyte-
derived (Jurkat) 
cells, rat primary 
astrocytes 

n=3 

protein: HSP27, 
HSP70 and HSP90 

1763 MHz, CDMA 

SAR 2 or 20 W/kg 

30 min or 1 h 

No effect. For signal 
transduction see 
Section 12.3.3. 

Lee et al. (2006) 

Human mammary 
epithelial 
(MCF10A) cells 

n=3 

phosphorylation and 
protein: HSPs (27, 70, 
90)  

837 MHz, CDMA;  

1950 MHz W-CDMA  

SAR 2ï4 W/kg 

2ï4 h 

No effect. Single and 
repeated 
exposures. 

For signal 
transduction see 
Section 12.3.2. 

Kim et al. (2012) 

Human glioma-
derived (MO54) 
cells 

n=3 or 6 

protein: HSP27, 
HSP70 and p-HSP27 

1950 MHz, CW  

SAR 1, 2, 10 W/kg 

10ï30 min, 1 or 2 h 

No effect on 
HSP27 or 
HSP70 protein 
expression. 
Decrease in p-
HSP27 at 10 
W/kg. 

For cell 
proliferation see 
Section 12.3.6. 

Miyakoshi et al. 
(2005) 

Human 
glioblastoma-
derived (A172) 
cells 

n=3 

protein: HSP27, 
HSP70 an p-HSP27 

2450 MHz  

SAR 5ï200 W/kg 

1ï3 h 

No effect at 
SARs less than 
50 W/kg. 

Increased 
expression of 
HSP70 and p-
HSP27 at SARs 
> 50 W/kg. 

Thermal 
confounding is 
possible at SAR 
>50 W/kg. 

Cell viability also 
evaluated. 

Wang et al. 
(2006) 

Mouse auditory 
hair cell-derived 
(HEI-OC1) cells 

n=3 

protein: HSP27, 
HSP70, HSP90 

1763 MHz, CDMA 

SAR 20 W/kg 

6ï24 h 

No effect. For signal 
transduction see 
Section 12.3.2. 

Huang et al. 
(2008a) 

Human umbilical 
cord blood 
(primary) 
monocytes and 
lymphocytes. 

n=3 

protein: HSP70 1800 MHz, GSM 

Average SAR 2 W/kg 

1 h 

No effect.  Lantow et al. 
(2006a) 

Human 
lymphoblastoid-
derived (TK6) cells 

n=5 

mRNA: HSP27, 
HSP70 

1900 MHz, PW 

SAR 1, 10 W/kg 

6 h (5 min on/10 min off 
cycles) 

No effect. For Proto-
oncogenes see 
Section 12.3.3.2. 

Chauhan et al. 
(2006a)  
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Human 
promyelocytic 
leukemia-derived 
(HL60) cells, 
human monocyte-
derived (Mono-Mac 
6) cells 

n=5 

mRNA: HSP27, 
HSP70 

1900 MHz PW 

SAR 1, 10 W/kg 

6 h (5 min on/10 min off 
cycles) 

No effect. For Proto-
oncogenes see 
Section 12.3.3.2. 

Chauhan et al. 
(2006b) 

Human 
glioblastoma-
derived (U87MG) 
cells, human 
monocyte-derived 
(Mono-Mac 6) cells 

n=5 

mRNA: HSP27, 
HSP40, HSP70, 
HSP86 and HSP105 

1900 MHz, PW 

SAR 0.1, 1, 10 W/kg 

6ï24 h (5 min on/10 
min off cycles) 

No effect. For Proto-
oncogenes see 
Section 12.3.3.2. 

Chauhan et al. 
(2007b) 

Human 
glioblastoma-
derived (U87MG) 
cells 

n=5 

mRNA: HSP27, 
HSP40, HSP70, 
HSP86 and HSP105 

1900 MHz PW 

SAR 0.1, 1, 10 W/kg 

4 h 

No effect.  Qutob et al. 
(2006) 

Human peripheral 
blood mononuclear 
cells (PBMC) 

n=6 

protein: HSP70 1800 MHz GSM 

Average SAR 1.4 , 2 
W/kg 

44 h (10 min on/20 min 
off) 

No effect.  Capri et al. 
(2004a) 

Human peripheral 
whole blood 

n=3 

protein: HSP27 and 
HSP70 

900 MHz, CW or GSM 

Average SAR 0.4, 2, 
3.6 W/kg 

20 min, 1, 4 h 

No effect.  Lim et al. (2005) 

Human primary 
keratinocytes, 
fibroblasts, 
reconstructed 
human epidermis 

n=4ï5 
(keratinocytes) 

n=4ï7 
(reconstructed 
epidermis) 

protein: HSP27, 
HSC70 and HSP70 

900 MHz, GSM 

Average SAR 2 W/kg 

48 h 

No effect on 
keratinocytes. 

Significant 
decrease in 
HSC70 in 
fibroblasts. 

 Sanchez et al. 
(2006b) 

Human primary 
keratinocytes and 
fibroblasts 

n=8 (keratinocytes) 

n=3ï6 (fibroblasts) 

protein: HSP27, 
HSP70 and HSC70 

1800 MHz, GSM 

Average SAR 2 W/kg 

48 h 

No effect. Follow up to 
Sanchez et al. 
(2006b) 

Results differ from 
2006 study. 

Sanchez et al. 
(2007) 

Cultured primary 
cerebral cortical 
cells from 
embryonic Wistar 
rats. 

n=3 

protein: HSC70, 
HSP90 

900 MHz, GSM 

Average SAR 0.25 
W/kg 

24 h 

HSC70 
expression 
increased. 

HSP90 
expression 
decreased. 

0.5 °C 
temperature 
difference 
between sham/RF 
cultures. 

Terro et al. 
(2012) 

Human cervical 
cancer-derived 
(HeLa S3) cells, 
hamster ovary 
(HA-1) cells, 
mouse embryo 
fibroblast derived 
(C3H 10T1/2) cells 

n=3 

HSF protein-DNA 
binding activity 

835.62 MHz, FDMA; 
847.74 MHz, CDMA  

SAR 0.6 - 5 W/kg 

5ï60 min; 24 h 

No effect.  Lazlo et al. 
(2005) 

Human 
glioblastoma-
derived (U-251 
MG) cells 

n= 3ï6 

mRNA and protein: 
HSP70 and clusterin 

60 GHz, CW 

5.4, 0.54 mW/cm
2
 

1ï33 h 

No effect.  Zhabodov et al. 
(2007) 
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Human 
astrocytoma-
derived (U-251) 
cells 

n= 3ï4 

mRNA: BiP/GRP78, 
ORP/GRP170 and 
HSP70 

59ï61 GHz 

SAR 2.64ï3.3 W/kg 

24 h 

No effect.  Nicolaz et al. 
(2009) 

Studies including co-exposures 

Human monocyte-
derived (Mono-Mac 
6) cells 

n=3ï6 

protein: HSP70 1800 MHz, CW or GSM 

SAR 2 W/kg 

1 h 

Co-exposures with 
ultra-fine particles. 

No effect.  Simkó et al. 
(2006) 

Human monocyte-
derived (Mono-Mac 
6) cells,  human 
myelogenous 
leukemia-derived 
(K562) cells 

n=4ï6 

protein: HSP70 1800 MHz, CW or GSM 

SAR 0.5, 1, 1.5, 2 W/kg 

45 min 

Co-exposures with 
PMA. 

No effect. Follow-up to 
Simkó et al. 
(2006) 

 

Lantow et al. 
(2006c) 

ñNo effectò means no statistically significant effect. 

 4737 

12.3.3.2 Proto-oncogene expression  4738 

Several studies have investigated the ability of RF-EMF to mediate the expression of proto-4739 

oncogenes. Proto-oncogenes are genes whose altered expression has the capability to induce cellular 4740 

proliferation and/or transformation. While these genes are constitutively expressed at low levels, they are rapidly 4741 

and transiently induced in response to external stressful stimuli. 4742 

Ivaschuk et al. (1997) exposed nerve growth factor (NGF)-stimulated rat PC12 pheochromocytoma 4743 

cells to 836.55 MHz TDMA-modulated intermittent (20 min on, 20 min off) RF for 20 to 60 min at SARs of 4744 

0.5ï4.6 mW/kg. Northern blot analysis, performed on 5 independent experiments, indicated no change in c-fos 4745 

expression after exposure, however c-jun expression was significantly decreased after 20 min exposure at 4.6 4746 

mW/kg (p<0.05), but not at any of the other exposure intensities or times after exposure.  4747 

Goswami et al. (1999) reported that exposure of C3H 10T1/2 cells to 835ï850 MHz  modulated RF-4748 

EMF at an average SAR of 0.6 W/kg significantly increased c-fos transcript expression (p<0.001 for exponential 4749 

growth phase and transition phase cells, p<0.04 for plateau phase cells). No changes were observed in the 4750 

transcript expression levels of c-jun and c-myc or in the DNA binding activity of the transcription factors AP1, 4751 

AP2 or NF-əB  (3 independent experiments). In a follow-up study, Whitehead et al. (2005) reassessed the 4752 

potential effect of exposure of these cells to 835-850 MHz  modulated RF at SARs of 5 or 10 W/kg on c-fos 4753 

expression using RT-PCR (three independent experiments). The authors did not confirm their earlier 4754 

observations, although higher SARs were used in the follow-up study. 4755 

Czyz et al. (2004) reported that p53-deficient embryonic stem cells exposed to 1710 MHz GSM-4756 

modulated RF-EMF caused a transient increase in c-jun expression immediately after a 48 h exposure and an 4757 

increase in c-myc expression at 5 days after exposure (p<0.05), in 6 independent experiments. However, no 4758 

changes in the expression of these proto-oncogenes were detected in the wild-type exposed embryonic stem 4759 

cells.  4760 

Chauhan et al. (2006a; 2006b) exposed several human-derived cell lines to intermittent (5 min on/10 4761 

min off) 1950 MHz RF-EMF at SARs of 1 or 10 W/kg for 6ï24 h and proto-oncogene transcript expression was 4762 

assessed by RT-PCR. In 5 independent experiments no significant differences were observed on the relative 4763 

expression level of the proto-oncogenes c-jun, c-fos and c-myc in any of the cell lines examined.  4764 

Merola et al. (2006) exposed human neuroblastoma cell (LAN-5) to 900 MHz GSM modulated RF-4765 

EMF at an average SAR of 1.0 W/kg for 24 to 72 h. Western blot analysis of B-myb and N-myc, sensitive 4766 

markers of proliferation and differentiation, indicated no effect of RF exposure on the expression of these 4767 

oncogenes, either in the presence or absence of retinoic acid or camptothecin stimulation, as assessed in 3 4768 

independent experiments. 4769 
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Table 12.3.9. In vitro studies assessing the effect of RF fields on the expression of proto-oncogenes  

Cells 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Authors 

Rat adrenal medulla 
pheochromocytoma-
derived  (PC12) 
cells  

- NGF-stimulated 

n=5 

mRNA: c-fos, c-jun 836.55 MHz, TDMA 

SAR 0.5ï4.6 mW/kg 

20ï60 min (20 min 
on/20 min off) 

Decrease in c-jun 
expression after 20 
min exposure (4.6 
mW/kg). 

No effect on c-fos or 
c-jun at other 
exposure conditions. 

 Ivaschuk et al. 
(1997) 

Mouse embryo 
fibroblast-derived 
(C3H10T1/2) cells 

 ï serum deprived 

n=3 

protein, mRNA: c-
fos, c-jun, c-myc 

DNA binding: AP1, 
AP2, NF-əB 

835.62 MHz, FMCW  
847.74 MHz, CDMA 

Average SAR 0.6 
W/kg 

24 h 

Increased c-fos 
transcript expression 
after RFR exposure. 

No effect on c-myc or 
c-jun. 

 Goswami et al. 
(1999) 

Mouse embryo 
fibroblast-derived 
(C3H10T1/2) cells 

 ï serum deprived 

n=3 

mRNA: c-fos 835.62 MHz, FDMA 
836.55 MHz, TDMA 
847.74 MHz, CDMA 

SAR 5 or 10 W/kg 

0.5ï2 h 

No  effect. Follow-up to 
Goswami  et 
al. (1999) 

Higher SARs 
than original 
study. 

Whitehead et al. 
(2005) 

Mouse embryonic 
stem (ES) cells  

n=6 

mRNA: c-jun, c-myc 1710 MHz, GSM 

SAR 1.5 W/kg for 48 
h 

SAR 2.0 W/kg for 72 
h 

Increased c-jun, c-
myc and p21 
expression in p53-
deficient cells at 
various timepoints. 

Similar results 
not observed 
in p53-
competent 
cells. 

For HSP see 
12.3.3.1. 

Czyz et al. (2004) 

Human 
lymphoblastoid-
derived (TK6) cells 

n=5 

mRNA: c-fos, c-myc 
and c-jun 

1900 MHz PW 

SAR 1, 10 W/kg 

6 h (5 minon/10 min 
off) 

No effect. For HSP see 
12.3.3.1. 

Chauhan et al. 
(2006a) 

Human 
promyelocytic 
leukemia-derived 
(HL60) cells, human 
monocyte-derived 
(Mono-Mac 6) cells 

n=5 

mRNA: c-fos, c-myc 
and c-jun 

1900 MHz, PW 

SAR 1, 10 W/kg 

6 h (5 min on/10 min 
off) 

No effect. For HSP see 
12.3.3.1. 

Chauhan et al. 
(2006b) 

Studies including co-exposures 

Human 
neuroblastoma-
derived (LAN-5) 
cells 

n=3 

protein: B-myb, N-
myc 

900 MHz GSM 

Average SAR 1 W/kg 

24ï72 hCo-exposures 
with retinoic acid and 
camptothecin. 

No effect. For Apoptosis 
see Section 
12.3.4. 

 

Merola et al. 
(2006) 

ñNo effectò means no statistically significant effect 

 4770 

12.3.3.3 Ornithine Decarboxylase (ODC) Activity 4771 

ODC is the rate-limiting enzyme in polyamine synthesis and thereby acts to regulate cell proliferation. 4772 

Alterations in ODC activity have been linked with both uncontrolled growth of malignant cells and reduced 4773 

apoptosis.  4774 

Desta et al. (2003) investigated the ability of 835 MHz TDMA-modulated RF EMF at SARs of <1 to 4775 

15 W/kg for 8 h to modulate ODC activity in L929 cells. This study found no evidence of altered ODC activity 4776 

at RF exposures up to 5 W/kg that did not induce sample heating (3 to 6 independent experiments). However 4777 

decreased ODC activity was observed in RF and non-RF exposed samples where sample temperatures increased 4778 

by 1.5-2.0 °C (p<0.05).  4779 
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Höytö et al. (2006) exposed L929 murine fibroblasts to 900 MHz CW or GSM-modulated RF-EMF at 4780 

SARs of 0.2ï0.4 W/kg for 2 to 24 h and assessed the impact of RF exposure on ODC activity. The authors in 3 4781 

to 5 independent experiments found no evidence of RF-induced alterations in ODC activity but noted that small 4782 

increases in temperature (<1 °C) caused decreased ODC activity. The authors commented that ODC activity is 4783 

remarkably temperature-sensitive and that precise temperature control is essential in studies on cellular ODC 4784 

activity. In a follow-up study, Höytö et al. (2007a) exposed L929 fibroblasts  from 2 different cell repositories to 4785 

835 and 872 MHz CW and TDMA-modulated (50 Hz burst modulated, 33% duty cycle) RF at SARs of 2.5 or 4786 

6.0 W/kg for 2ï24 h. Exposures were conducted using a Crawford exposure apparatus and a waveguide exposure 4787 

system (3 to 7 independent experiments). Using the Crawford exposure system, ODC activity was unaffected by 4788 

RF exposure except for a slight decrease after 2 h exposure at a SAR of 6 W/kg (p<0.05), which the authors 4789 

attributed to a thermal effect. When L929 cells were exposed using the waveguide system, ODC activity was 4790 

increased after 8 h of exposure at 6 W/kg relative to the sham-exposed samples (p<0.05). No evidence of 4791 

amplitude modulation-specific effects were observed. The authors speculated that the use of adjusted water-bath 4792 

temperatures for different SARs (to accommodate for RF-induced heating of the sample at 6 W/kg) using the 4793 

waveguide system may have decreased the basal ODC activity which was then increased as RF-exposure 4794 

óheatedô the sample to 37 °C. In addition to L929 fibroblasts, Höytö et al. (2007b) assessed the ability of 872 4795 

MHz RF-EMF to modulate ODC activity in rat C6 glioblastoma cells, human-derived SH-SY5Y neuroblastoma 4796 

cells and rat primary astrocytes. The cell lines were exposed to 872 MHz CW and GSM-modulated RF at SARs 4797 

of 1.5, 2.5 and 6.0 W/kg, in a water-jacketed waveguide for 2 to 24 h. ODC activity was reported to be 4798 

significantly decreased in rat primary astrocytes at SARs of 1.5 and 6.0 W/kg with both CW and GSM-4799 

modulation (p<0.005). The authors reported no consistent effects on ODC activity in the other cell lines (5 to 12 4800 

independent experiments). In attempt to understand the variability in ODC responses among and within studies, 4801 

Höytö et al. (2008b) investigated the influence of a variety of physiological conditions on ODC activity. Serum-4802 

starved and serum-enriched cultures of L929 cells were exposed to 872 MHz CW and GSM-modulated RF at a 4803 

SAR of 5 W/kg for 1 or 24 h. No consistent evidence of altered ODC activity was observed following RFR 4804 

exposure. Similarly, the authors reported no evidence that physiological conditions of the exposed cells may alter 4805 

their responsiveness to RF EMF (3 to 6 independent experiments). 4806 

Billaudel et al. (2009b) exposed L929 murine fibroblasts to 835 MHz TDMA-modulated RF-EMF at 4807 

SARs of 0.5ï2.5 W/kg for 8 h, 900 MHz GSM-modulated at SARs of 0.5ï2.0 W/kg for 2 h or 1800 MHz GSM-4808 

modulated RF at 2.5 W/kg for 2ï24 h and ODC activity was assessed using a 
14

C-radiolabel assay. The authors, 4809 

in 3 to 5 independent experiments, found no evidence of altered ODC activity in any exposed group under any 4810 

exposure condition tested. In a related study, Billaudel et al. (2009a) exposed human neuroblastoma-derived SH-4811 

SY5Y cells to 835 MHz TDMA-modulated (50 Hz, 33% duty cycle) RF-EMF or 1800 MHz GSM-modulated 4812 

RF at SARs of 1 or 2.5 W/kg for 8 or 24 h. Similarly, the authors found no evidence of altered ODC activity 4813 

following any RF EMF exposure condition (4 to 5 independent experiments). 4814 

Table 12.3.10. In vitro studies assessing the effect of RF fields on ornithine decarboxylase activity (ODC) 

Cells 

Number of 
independent 
experiments 

Biological endpoint Exposure conditions Results Comment Authors 

Mouse 
fibrosarcoma-
derived (L929) 
cells 

n=3ï6 

ODC activity 835 MHz, TDMA 

SAR <1ï15 W/kg 

8 h 

No effect. Observed 
decrease in ODC 
activity in 
samples with 
temperature 
increase. 

Desta, Owen & 
Cress (2003) 

Mouse 
fibrosarcoma-
derived (L929) 
cells 

n=3ï5 

ODC activity 900 MHz, CW or GSM 

SAR 0.2ï0.4 W/kg 

2ï24 h 

No effect. Noted that small 
increase in 
temperature 
(<1 °C) resulted 
in decreased 
ODC activity. 

Höytö et al. 
(2006) 






























































































































