
1 

 

2020 

Oregon Health 

Authority Report 
 

Oregon Senate Bill 283 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 

 

Table of Contents 
Executive Summary 3 

Background 53 

Methods 75 

Cancer Studies 85 

Noncancer studies 116 

Toxicity 126 

Mental health 127 

Sleep 137 

Results 138 

Cancer endpoints 138 

Childhood Cancer Studies 148 

Adult Cancer Studies 1811 

Summary of Cancer Endpoints 2717 

Noncancer endpoints 2818 

Toxicity 2818 

Mental health 3922 

Sleep 4524 

References 5226 

Appendix 5932 

Table 1. Cancer studies: original research 6032 

Table 2: Cancer studies: review articles 9466 

Table 3. Noncancer Toxicity 10473 

Table 4. Mental health 11382 

Table 5. Sleep 11786 

 

 

 

 

 

 

 

 

 

 







5 

 

Background 
 

Senate Bill 283 (SB 283) directs the Oregon Health Authority (OHA) to r1) rReview peer-

reviewed, independently funded scientific studies of the health effects of exposure to 

microwave radiation, particularly exposure that results from the use of wireless network 

technologies in schools or similar environments, including those that examined the potential 

health effects in children. In addition, SB 283 directs OHA to; and 2) rReport the results of the 

review of this review to an interim committee of the Legislative Assembly related to education 

bynot later than January 2, 2021.  

 

The electromagnetic spectrum is split into two main categories: ionizing and non-ionizing 

radiation. Ionizing radiation is a form of high energy particles and waves that interacts with 

atoms and molecules by removing electrons or breaking chemical bonds. Non-ionizing radiation 

is low energy waves that do not have enough energy to remove electrons from atoms or break 

chemical bonds. The spectrum is illustrated with examples in Figure 1.  

(FDA, 2020) 

 
Figure 1: Electromagnetic Spectrum 

 

 

 







8 

 

 

Cancer Studies 

  

In order to begin a literature review of the scientific evidence of an association between 

cancers and exposure to radiofrequency radiation (RFR) commonly found in school 

environments, a search strategy was first formulated. The goal of the search was to identify all 

evidence from studies on human exposure to RFR commonly found in school environments 

from published peer-reviewed scientific articles which had cancer endpoints, were published in 

English, and involved the broad set of search terms below. For the purposes of this literature 

search, exposure to "RFR commonly found in school environments" was identified as RFR 

exposures in the frequency range of mobile phones and Wi-Fi, or approximately between 1.6 

and 30 gigahertz. This frequency range includes both ultra-high and super-high radio 

frequencies, which is also the range that the majority of current fifth generation (5G) networks 

utilize.1 Studies without specific reference to the frequency range of exposures were reviewed 

on a case by case basis to identify if the exposure constituted an RFR exposure that would likely 

to be present in schools. The date range used for the RFR exposure/cancer studies was January 

1st, 1993 to April 24th, 2020. This date range was utilized in order to target the timeframe 

between rollout of 2G networks in the United States (1993) and present day. Two scientific 

article databases, PubMed and IEEE Xplore, were selected as the search databases for this 

review based on the ability of these databases to capture all relevant articles. The pool of initial 

cancer studies on school related exposure to RFR was identified using the following terms on 

PubMed search terms: 

 

“wi-fi"[ALL FIELDS] OR “wifi”[ALL FIELDS] OR "wlan"[ALL FIELDS] OR “mobile phones”[MeSH] OR 

(“mobile”[ALL FIELDS] AND “phones”[ALL FIELDS) OR “cell phones”[MeSH] OR (“cell”[ALL 

FIELDS] AND “phones”[ALL FIELDS]) AND (“cancer”[ALL FIELDS]) AND “1993/01/01”[Date - 

Publication] : "2020/04/24"[Date - Publication]) AND English[lang] NOT (“Mobile 

Applications”[MeSH] OR “Text Messaging”[ALL FIELDS] OR “app”[ALL FIELDS] OR 

“monitoring”[ALL FIELDS] OR “screening”[ALL FIELDS] OR “signal transduction”[ALL FIELDS] OR 

“radar”[ALL FIELDS] OR “drug therapy”[ALL FIELDS] OR “software”[ALL FIELDS] OR 

“psychology”[ALL FIELDS] OR “dietary assessment”[ALL FIELDS] or “e-waste”[ALL FIELDS] OR 

“oncology”[ALL FIELDS] OR “imaging”[ALL FIELDS] OR “Comment”[Publication Type] OR 

“Letter”[Publication Type] OR “Editorial”[Publication Type] OR “News”[Publication Type]) 

 

 This initial search found 176 papers for consideration. Use of the "humans" species filter 

on PubMed reduced the number of papers toscope of the search to 137 papers. The 

parameters after the 'NOT' term also removed many unrelated papers outside of the scope of 

the review. Many of the papers removed were not original research or review articles, were 

human cell line studies, or focused on best practices for RFR exposure assessment. Titles of all 

137 papers were reviewed, resulting in removal of 32 papers that were unrelated to the 

relationship between relevantschool related human RFR exposures and cancer or were outside 

of the scope of thise review. Further aAbstracts of the 105 remaining studies were then 

reviewed, resulteding in removal of 4759 more studies. Articles not included after abstract 

filtering included those that did not contain exposures within the relevant RFR rangeon the 
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targeted radiofrequency band of the electromagnetic spectrum, those that were not completed 

for human populations, and those that were not original research or review articles. We 

reviewed the After completion of these procedures, 58 studies remained. After review of the 

full text of the 58 articles, 12 more studies were removed based on a lack of targeting of the 

relevant frequency band, leaving 46 studies for review. Rreferences of the remainingall 46 

studies were also reviewed in order to capture research papers that were missed in ourthe 

above initial search. This  terms, resulteding in 48 49 more studies for a total added for 

consideration. Overall, 97 cancer studies that were reviewed. 

  

IEEE Xplore search terms In similar fashion to the search strategy for PubMed research articles, 

search terms were also formulated to identify RFR exposure/cancer studies in the IEEE Xplore 

database with goals to capture any studies that were more technical than those available on 

PubMed. Again, the date range for the search was January 1st, 1993 to April 24th, 2020 for 

articles published in English. The pool of initial cancer studies was identified using the following 

search terms on IEEE Xplore: 

 

(((((((("All Metadata":"wi-fi") OR "All Metadata":"wifi") OR "All Metadata":"wlan") OR 

"Mesh_Terms":"mobile phones") OR "All Metadata":"mobile" AND "All Metadata":"phones") 

OR "Mesh_Terms":"cell phones") OR "All Metadata":"cell" AND "All Metadata":"phones") AND 

"All Metadata":"cancer”) 

 

 The initial search found 159 papers for review. After using filters to only include journal 

articles, magazine articles, articles published in English, and those published in the selected 

date range, the number of papersresults was reduced to 50 papers possibly relevant to the 

review. After rReview of the titles of the studies removed, 13 studies ofwere removed due to 

unrelated subject matter. After title filtering, we reviewed the abstracts of all remaining 37 

studies and found no articles that  were reviewed, resulting in removal of 32 more studies that 

were withinoutside of the scope of this review, either due to the lack of. Finally, full-text articles 

of the remaining 5 studies were reviewed and it was determined that all of the studies did not 

have cancer endpoints under direct study or to a focus limitedwere focused on technical 

aspects related only to exposure assessment. Therefore, we did not include Due to this 

circumstance, no cancer studies from IEEE were included in this review. 
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Occupational Studies 

 Following a similar strategy to the search for cancer studies, the scientific 

evidence of an association between all adverse health outcomes and occupational RFR 

exposures with frequencies that overlap with frequencies of RFR commonly found in 

school environments. The goal of this search was to identify all evidence from studies on 

human occupational exposure to RFR within the range of school related frequencies 

from published peer reviewed scientific articles which studied adverse health outcomes, 

were published in English, and involved the broad set of search terms below. These 

studies were included in the literature review search strategy to examine how high 

levels of exposure to school related radiofrequencies may be associated with adverse 

health outcomes. The date range used for the occupational RFR exposure studies was 

January 1st, 1993 to April 24th, 2020. The same two scientific article databases, PubMed 

and IEEE Xplore, were selected as the search databases for the occupational study 

review. The pool of initial occupational studies was identified using the following terms 

on PubMed: 

 

“Radio Waves/adverse effects”[MeSH] OR “Electromagnetic Fields/adverse 

effects”[MeSH] OR “wi fi"[ALL FIELDS] OR “wifi”[ALL FIELDS] OR "wlan"[ALL FIELDS] OR 

(“mobile”[ALL FIELDS] AND “phones”[ALL FIELDS) OR (“cell”[ALL FIELDS] AND 

“phones”[ALL FIELDS]) OR “cell towers”[ALL FIELDS] AND (“occupational health”[MeSH] 

OR (“occupational”[ALL FIELDS] AND “health”[ALL FIELDS])  OR “occupational 

exposure?”[MeSH] or (“occupational”[ALL FIELDS] AND “exposure”[ALL FIELDS])) AND 

“1993/01/01”[Date  Publication] : "3000"[Date  Publication]) AND English[lang] 

NOT(“behavior change”[ALL FIELDS] OR “hearing loss”[ALL FIELDS] OR “adolescent”[ALL 

FIELDS] OR “child” [ALL FIELDS] OR “smoking”[ALL FIELDS] OR “pollution”[ALL FIELDS] OR 

“rehabilitation”[ALL FIELDS] OR “mass media”[ALL FIELDS] OR “motor vehicles”[ALL 

FIELDS] OR “history”[ALL FIELDS] OR “rats”[MeSH] OR “infections”[ALL FIELDS] OR 

“infection control”[ALL FIELDS] OR “Comment”[Publication Type] OR “cell line”[ALL 

FIELDS] OR “psychology”[ALL FIELDS] OR “telemedicine”[ALL FIELDS] OR “qualitative 

research”[MeSH] OR “delivery of health care”[MeSH] OR “electromagnetic 

phenomena/instrumentation”[MeSH] OR “user computer interface”[MeSH] OR “air 

pollutants/toxicity”[MeSH] OR “metals”[NM] OR (“in vitro”[ALL FIELDS] AND 

“human”[ALL FIELDS] AND “cells”[ALL FIELDS]) OR “computer simulation”[MeSH] OR 

(“accidents”[ALL FIELDS] AND “driving”[ALL FIELDS]) OR “Letter”[Publication Type] OR 

“Editorial”[Publication Type] OR “News”[Publication Type] OR “Guideline”[Publication 

Type]) 
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 The initial search found 395 papers for review. Use of the "humans" species filter 

on PubMed reduced the scope of the search to 365 papers. Like the cancer study 

search, the parameters after the 'NOT' term also removed many unrelated papers 

outside of the scope of the review, including those related to occupational exposure 

assessment, those not in appropriate mediums (such as newspapers), and those using 

human cell lines. Titles of all 365 papers were then reviewed, 35 more were removed 

due to unrelated content matter. Next, the abstracts of all 330 remaining studies were, 

resulting in removal of 135 studies, largely due to a lack of targeting of RFR frequencies 

commonly found in schools (1.6 30 GHz). Finally, the full text articles of the remaining 

195 articles were examined, resulting in further removal of 144 studies. Most of the 

removed full text articles did not target RFR frequencies commonly found in schools. For 

example, there were many studies focusing on power frequencies, frequencies 

associated with magnetic resonance imaging, frequencies associated with welding 

occupations, and others. The majority of the remaining 51 occupational studies focused 

on occupations with radio, microwave, radar, and other similar exposures, which 

overlap with RFR frequencies commonly found in schools. 

 Like the cancer studies, search terms were also formulated to identify adverse 

health outcome/occupational RFR exposure studies in the IEEE Xplore database with 

goals to capture any studies that were more technical than those available on PubMed. 

Again, the date range for the search was January 1st, 1993 to April 24th, 2020 for articles 

published in English. The pool of initial occupational studies was identified using the 

following search terms on IEEE Xplore: 

 

(((((((("All Metadata":wifi) OR "All Metadata":wi fi) OR "All Metadata":wlan) OR 

"Mesh_Terms":mobile phones) OR "All Metadata":mobile phones) OR "All 

Metadata":cell phones) AND "Index Terms":occupational health) OR "All 

Metadata":occupational health) 

 

 The initial search found 2,095 papers for review. After using filters to only include 

journal articles, magazine articles, articles published in English, articles in the date 

range, and articles filed under the "occupational health" publication topic, the number 

of results was reduced to 88 papers possibly relevant to the review. After review of the 

titles of the studies, 58 studies were removed due to subject matter not directly related 

to the review topic. After title filtering, abstracts of all 30 studies were reviewed, 

resulting in removal of 21 more studies that were outside of the scope of this review. 

Finally, full text articles of the remaining 9 studies were reviewed and it was determined 

that all of the studies did not have adverse health outcomes under direct study or were 

focused on technical aspects related only to exposure assessment. Due to this 

circumstance, no occupational studies from IEEE were included in this review. 

Noncancer studies 
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Three studies with RFR exposures similar to those expected in schools have been completed in 

child populations.5,6,8 A large population-based case-control study completed by Li et al. (2012) 

in Taiwan between 2003 and 2007 examining the effects of mobile phone base station 

exposure on all types of childhood neoplasms found a weak association.8 The study included 

2,606 cancer cases in children 15 years and under from Taiwan's national health insurance 

database and 78,180 controls from a national population registry, individually matched by age. 

Exposure was quantified by using location of mobile phone base stations, participant residence 

location, and years of residence at that location. The study found a 13% increase in odds of 

overall cancer (but not separately for leukemia or brain cancer) among children in higher 

average RFR power density areas, although adjusting the highest tertile (highest quarter) of 

exposure for covariates rendered it statistically insignificant.  

 

Another large case-control study completed by Elliott et al. (2010) in Britain for the period 

1999-2001 found no association between exposure to mobile phone base station exposure and 

early childhood cancers such as brain, central nervous system (CNS), non-Hodgkin's lymphoma, 

and all combined cancers.6 The study included 1,397 cancer cases in children 4 years and under 

from the British cancer registry and 5,588 controls from the British national birth registry, 

individually matched by age and sex. Exposure was quantified via modeled power density from 

location of childhood residence and mobile phone base station location. The study found no 

association between mobile phone base station exposure and incidence of any specific type of 

cancer or overall combined cancer. Addition of a quadratic term to the continuous exposure 

models was of borderline significance (P=0.05) for brain and central nervous system cancer, for 

which risk was lower with higher estimated levels of exposure. The UK Department of Health 

and the mobile telecommunications industry jointly funded this study and approved its design. 

 

Aydin et al. (2011) assessed mobile phone use and brain tumor incidence in children and 

adolescents in a multicenter study.5 The study included 352 cases diagnosed with a brain tumor 

between 2004 and 2008 and 646 controls from national population registries of participating 

countries. The study reported no brain tumor risk increase with duration of mobile phone use 

or with areas of the brain closest to a handheld mobile phone. However, in a subset of study 

participants for whom operator recorded data were available, brain tumor risk was related to 

the time elapsed since the mobile phone subscription was started but not to amount of use. 

 

Three of the 6 studies where RFR exposures were higher than what would be expected in 

schools found no association between any of the childhood cancers studied and RFR exposures. 

Of note, a large case-control study by Merzenich et al. (2008) examined childhood leukemia 

near high-power AM and FM radio transmitters and television broadcast towers between 1984 

and 2003 in Germany.10 The study included 1,959 cases of childhood leukemia in children 14 

years and younger from a German national childhood cancer registry and 5,848 controls 

randomly selected from population registries and individually matched by sex, age, year of 

diagnosis, and study region. Exposure was quantified via location-based power modeling using 

the field strengths of transmitters. The study found no elevated odds of leukemia among 

populations of children living near radio transmitters or television broadcast towers. 
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Of the 6 studies where RFR exposures were higher than what would be expected in schools, 

oneAnother case-control study completed by Ha et alet al. (2007) in South Korea found a 

relationship between close residence (within 2 kilometers) to and overall frequency of AM radio 

transmitters and/ antennas and childhood leukemia.7 The study included 1,928 childhood 

leukemia and 956 childhood brain cancer cases were recruited fromin children under 15 years 

diagnosed between 1993 and 1999 in 14 South Korean hospitals. Controls were recruited from 

children with respiratory diseases in the same hospitals and individually matched to cases by 

age, sex, and year of diagnosis. Exposure to AM radio was quantified using a validated location-

based model of 31 transmitters and 49 antennas with at least 20-kilowatts of power and 

children's residences. Residence within 2 kilometers to AM transmitters/antennas was 

associated with 115% increase in odds of leukemia versus residence at 20 kilometers. There 

was no association between AM radio exposure and brain cancers. This study also suggested a 

dose-response relationship between AM radio exposure and leukemia, where children living 

further from transmitters and antennas had lower risk.  

 

Briefly, A descriptive incidence study by Michelozzi et al. (2002) completed near a high power 

radio station in Rome, Italy found that risk of childhood leukemia was higher than expected for 

distances up to 6 kilometers from the radio transmitters.11 The study population included 

49,656 residents, which was all adults and children living within 10 kilometers of the Vatican 

Radio station for the years 1987 to 1999. No exposure assessment was completed for the study, 

relying instead on childhood leukemia mortality and incidence rates of Rome overall as the 

comparison group. The standardized incidence ratio of leukemia for children living up to 6 

kilometers from the radio station transmitters was 2.2, or over twice as high as the incidence 

rate for Rome overall. The researchers also found that there was a dose-response relationship 

in terms of risk of childhood leukemia with decreasing distance from the transmitter. The lack 

of an exposure assessment in this study reduces the ability to interpret the results, as no 

individual child RFR exposures were recorded. This results in misclassification bias and 

unmeasured confounding in the associations. 

 

Three of the 6 studies where RFR exposures were higher than what would be expected in 

schools found no association between any of the childhood cancers studied and RFR exposures. 

Of note, there was a large case control study completed by Merzenich et al. (2008) in Germany 

between 1984 and 2003 examining childhood leukemia near high power AM and FM radio 

transmitters and television broadcast towers.10 1,959 cases of childhood leukemia in children 

14 years and under were ascertained from a German national childhood cancer registry, while 

5,848 controls were randomly selected from population registries and individually matched by 

sex, age, year of diagnosis, and study region. Exposure was quantified via location based power 

modeling using the field strengths of transmitters. The study found no elevated odds of 

leukemia among populations of children living near radio transmitters or television broadcast 

towers. 

 

we found only 3 studies that examined the cancer effects of RFR exposures like those in 

schools, although none of these studies were conducted in schools or assessed RFR exposures 
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in school children. These studies showed either none, weak, or contradictory (e.g., less risk with 

higher use of cell phones) effects of RFR on cancer in children. There were 6 other studies that 

examined a similar relationship, albeit at higher RFR levels than those expected in schools. 

Those studies showed equivocal outcomes in terms of an association between RFR and cancer 

in children. 

 Three studies with RFR exposures similar to those expected in schools have been completed in 

child populations.5,6,8 A large population based case control study completed by Li et al. (2012) 

in Taiwan between 2003 and 2007 examining the effects of mobile phone base station 

exposure on all types of childhood neoplasms found a weak association.8 2,606 cancer cases in 

children 15 years and under were ascertained from Taiwan's national health insurance 

database, while 78,180 controls were ascertained from a national population registry and 

individually matched by age. Exposure was quantified by using location of mobile phone base 

stations, participant residence location, and years of residence at that location. The study found 

a 13% increase in odds of overall cancer among children in higher average RFR power density 

areas, but not separately for leukemia or brain cancer.  

 

Overall,  

Another large case control study completed by Elliott et al. (2010) in Britain for the 

periodbetween 1999  and 2001 found no association between exposure toexamining the 

effects of mobile phone base station exposure and early childhood cancers such as on brain, 

central nervous system (CNS), non-Hodgkin's lymphoma, and all combined cancers in children 

found no association.6 1,397 cancer cases in children 4 years and under were ascertained from 

the British cancer registry, while 5,588 controls were ascertained from the British national birth 

registry and individually matched by age and sex. Exposure was quantified via modeled power 

density from location of childhood residence and mobile phone base station location. The study 

found no association between mobile phone base station exposure and incidence of any 

specific type of cancer or overall combined cancer. 

 

Because only 9 studies examined the relationship between RFR exposures and childhood cancer 

endpoints with mixed results., it is difficult to arrive at a definitive conclusion.  These results for 

the existing studies hadshould also be considered in light of a major overarching several 

methodological limitation that included: poor assessment of and control for individualized RFR 

exposures and confounding from other RFR sources. . For example, mModeled field strength 

and other location-based exposure assessments are ineffective at capturing RFR exposures of 

individual children. This likely resulted in misclassification bias in some of all of the important 

studies we reviewed above. Further, translation of some of the findings to possible health 

effects of mobile phones and Wi-Fi is not possible. For example, AM and FM radiofrequency 

exposures exist at frequency bands that are at between 10 and 100 times lower than the 

frequency bands of mobile phones and Wi-Fi. The low number of availableis lack of studies and 

methodological problems clarity areis further compounded by the fact that the resultsfindings 

have been inconsistent from study toamong studyies and adjusting for environmental 

exposures that are associated with some childhood cancers was not performed. Due to these 

factors, it is important to also review the many adult RFR-cancer studies to determine if 

relationships become clearer, particularly since adults are also present at schools potentially for 
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more years than children (e.g., teacher, custodian, administrator). Below is a review of , a 

selection of important adult studies are reviewed. 

 

Adult Cancer Studies 

 

Many descriptive, ecological, case-control, and cohort studies have examined the association 

between RFR exposure and tumor or cancer incidence in adults.  

 

A 2010 study by Inskip et al. examined brain cancer incidence trends in the United States as 

they related to widespread phone use over time.54 The study included 38,788 cases of brain 

cancers among White patients diagnosed between 1977 and 2006. No exposure assessment 

was completed for mobile phone use. The study found no evidence of a relationship between 

increasing use of mobile phone over time and brain cancers. The authors noted that there 

would likely be a noticeable increase in brain cancer incidence over the temporal span of the 

study if a causal relationship does indeed exist between mobile phone use and brain cancer. 

However, they could not determine such an increase with the respective data. The authors 

noted a temporal increase in overall brain cancer incidence that they attributed to improved 

diagnosis resulting from the introduction of computed tomography scanning and magnetic 

resonance imaging in the 1970s and 1980s respectively. 

 

A similar study by Chapman et al. examined overall brain cancer incidence trends and phone 

use in Australia.55 The study included 34,080 diagnosed cases of brain cancer from 1982 to 

2012. An exposure assessment was completed to determine the total number of mobile phone 

accounts with groupings into time related exposure categories. However, the exposure variable 

was not used for the main analysis. The study found no evidence of an increase in brain cancer 

incidence in any age group that could be attributed to mobile phone use. Incidence studies such 

as this do not account for individual mobile phone exposures, so deriving causal evidence is 

difficult.  

 

A 2012 ecological study by Little et al. examined the relationship between mobile phone 

subscriptions and United States glioma incidence trends.56 The study included 24,813 cases of 

glioma among non-Hispanic white individuals diagnosed between 1992 and 2008. Mobile 

phone exposure was assessed at the population level via total mobile phone subscriptions 

between 1985 and 2010. The study found that U.S. glioma incidence rates are not high enough 

to indicate any effect of mobile phones. Results of this study may be affected by both sampling 

and assumption bias.  

 

Two ecological studies by de Vocht et al. (2016 & 2019) examined the associations between 

brain cancers in England and mobile phone subscriptions.57,58 The 2016 study assessed the 

relationship between annual mobile phone subscriptions at the population level and annual 

1984-2014 incidence of malignant glioma, glioblastoma multiforme, and malignant neoplasms 

of the temporal and parietal lobes. The study found a 35% increase in risk of malignant 

temporal lobe tumors as the number of phone subscriptions increased. The 2019 study 

assessed the relationship between annual mobile phone subscriptions and annual 1985-2005 
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incidence of glioblastoma (14,503 cases). The study found statistically non-significant risk 

increases of between 35% and 59% for temporal and frontal lobe tumors and tumors of the 

cerebellum. Both de Vocht studies used methodologies that are not easily reproducible or 

validated and contain possible assumption and interpretation bias. Further, ecological analyses 

may suffer from the ecological fallacy, where population health characteristics ascertained 

ecologically cannot be translated to the individual.59 In other words, because individual mobile 

phone exposures were not collected for these studies, causal inference from these studies is 

not possible.  

 

Most of the case-control studies examining relationships between mobile phone exposures and 

cancer endpoints have been completed in European and Asian countries, but a few with 

sufficient sample sizes have been completed in the U.S. A U.S. case-control study by Muscat et 

al. examined the risk of brain cancer in association with cell phone use.60 The study included 

469 cases from individuals ages 18 years to 80 years diagnosed with primary brain cancer in five 

medical institutions in New York City, Providence, and Boston between 1994 and 1998 and 422 

controls from in-patients without cancer and cancer patients with other types of cancer besides 

brain in the same institutions. Controls were frequency-matched to cases by age, sex, race, and 

month of admission. Cell phone exposure was quantified via in-person questionnaires, with 

data on the number of years of cell phone use, minutes or hours used per month, year of first 

use, phone manufacturer, and average monthly phone bill. The study found no relationship 

between cell phone use and risk of brain cancers. Another U.S. case-control study by Inskip et 

al. examined the risk of glioma, meningioma, and acoustic neuroma as a result of mobile phone 

use61 in 782 cases, 18 years and older, diagnosed in 4 hospitals in Phoenix, Boston, and 

Pittsburgh between 1994 and 1998 and 799 controls admitted to the same hospitals for non-

malignant conditions and frequency-matched by age, sex, race, and hospital proximity. Mobile 

phone exposure was quantified via computer-assisted face-to-face interviews, with data on 

regular phone use, years of regular use, make and model of device, average duration of calls, 

and number of calls collected. The study found no association between mobile phone use and 

any of the types of brain cancer studied. 

 

Both retrospective and prospective cohort studies have been completed to examine the risk of 

cancer from mobile phone use. A retrospective cohort study by Johansen et al. examined risk of 

all types of cancers as a result of mobile phones by obtaining all Danish mobile phone 

subscriber records between 1982 and 1995.62 Of the 420,095 subscribers in the time frame, 

2,876 cases of diagnosed cancer among males were ascertained from the Danish Cancer 

Registry. Mobile phone exposure quantification was limited to  subscription date and did not 

include frequency of use or other indicators of exposure. The study found no increased risk for 

cancers considered a priori to be possibly associated with mobile phones, which included brain 

tumors, salivary gland tumors, and leukemia. Another retrospective cohort study by Schüz et al. 

examined the risk of vestibular schwannoma as a result of long-term mobile phone use by 

obtaining all Danish mobile phone subscriber records between 1995 and 2006.63 Of 2.9 million 

subscribers in the time frame, 806 cases of vestibular schwannoma were ascertained from a 

national tumor registry. Mobile phone exposure was quantified solely through subscriptions 
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with no individual exposure quantification. The study found no evidence that use of mobile 

phones was related to risk of vestibular schwannoma.  

 

Poulsen et al (2013) examined an association between skin cancer and cell phone use. The 

authors included all cases of skin cancers diagnosed in Denmark and having cell phone 

subscriptions starting  between 1987 and 1995. The cases were followed through 2007. The 

authors found no association between overall risk for melanoma of the head and neck, basal 

cell carcinoma, or squamous cell carcinoma.  

 

A 2011 prospective cohort study by Frei et al. examined the risk of brain tumors as a result of 

mobile phone use by obtaining all records of people 30 years and older born in Denmark after 

1925.64 From these records, 358,403 mobile phone subscribers and 10,729 CNS cancer cases 

were ascertained. Mobile phone exposure quantification was again based only on subscription. 

The study generally found no increased risk of cancers of the CNS or tobacco-related cancers 

from mobile phone exposure. Among the many associations the study examined, it found 

several associations that indicated lower cancer risk associated with mobile phone use, overall 

increased risk for “other and unspecified tumor types”, and other associations that were not 

consistent with duration of use.  

 

Another prospective study by Benson et al. examined the risk of intracranial CNS tumors as a 

result of mobile phone use.65 The study included 791,710 middle-aged U.K. women recruited 

between 1996 and 2001 via a National Health Service breast cancer screening program. Mobile 

phone exposure was quantified via 3 surveys completed at baseline, midpoint, and the end of 

follow-up. During 7 years of follow-up, 51,860 incident cases of cancer and 1,261 incident CNS 

tumors were observed. The study found no difference in risk of CNS tumors between never and 

ever users of mobile phones for all intracranial tumors, for specified tumor type, or for cancer 

at 18 other specified sites. No increased risk of glioma or meningioma was found for long-term 

users, but a risk for pituitary tumors was increased for short term (under 5 years) duration 

mobile phone users without a further increase in risk with longer use. The authors did report an 

increased acoustic neuroma risk with long-term use (10+ years) versus never use and the risk 

increased with duration of use. However, the authors later conducted an extended analysis of 

the data that lowered the acoustic neuroma risk and rendered it not statistically significant. 

There was also no acoustic neuroma risk increase with duration of use (Benson et al., 2014)66.  

 

Generally, cohort studies are considered the highest quality epidemiology evidence, with 

prospective cohorts as the gold standard observational study type.53 However, the results of 3 

of the cohort studies above are less reliable due to poor mobile phone exposure assessment. 

The Benson et al. study is one of the higher quality studies completed to date with fewer 

limitations, but participation bias, reporting bias, and confounding are still possible due to low 

survey response rates, changes in individual mobile phone use over time, and differences in 

socioeconomic status between exposed and unexposed groups, respectively.  

 

Several INTERPHONE and Hardell group studies (discussed below) found an association 

between long-term exposure to mobile phones and increased risk of CNS cancer.  
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between mobile phones and cancer endpoints.32–46 Like the Hardell group case-controls, 

INTERPHONE case-control studies have severala litany of methodological limitations including 

selection bias, recall bias, sampling bias, interviewer bias, and reporting bias, among others. 

Despite this, these studies have some of the largest sample sizes of any RFR-cancer case-control 

studies completed to date. Below, wea review a selection of important INTERPHONE 

studiescase controls are reviewed. 

 

The largest INTERPHONE study (2010) integrated cases and controls from all 16 study locations 

to examine the risk of glioma and meningioma as a result of mobile phone use.47 The study 

included 2,708 glioma cases, 2,409 meningioma cases, 2,971 glioma controls, and 2,662 

meningioma controls. Cases were ascertained from neurological and neurosurgical centers in all 

locations and confirmed via histology or diagnostic imaging. In 12 of the 13 countries in this 

study, controls were individual- or frequency-matched by age, sex, and region, while in Israel, 

controls were also matched by ethnicity. All controls were ascertained from population-based 

databases, such as national population databases. Mobile phone exposure was quantified via 

face-to-face and printed interviews. Data collected included information about regular use (use 

at least once a week for 6 months or more), number of cellular telephones used regularly, start 

and stop dates of use, and cumulative hours of use. The study found no increase of risk of 

glioma and meningioma across most exposure categories and the meningioma global model. 

However, the highest exposure (greater than or equal 1,640 cumulative hours or more) 

category showed an increase in glioma risk in glioma. The other large INTERPHONE case-control 

study (2011) followed avery similar methodology to the 2010 study and, but instead examined 

the risk of acoustic neuroma as a result of mobile phone use in 1,105 cases and 2,145 

controls.37 The study found increased elevated odds ratios observed at the highest level of 

cumulative call time, but no increase in risk of acoustic neuroma with ever regular use of a 

mobile phone or for users who began regular use 10 years or more before date of diagnosis. 

 

An INTERPHONE population-based case-control study completed in 5 northern European 

countries between 1999 and 2004 examined the risk of acoustic neuroma as a result of mobile 

phone use.33 It included 678 cases of acoustic neuroma were ascertained from medical centers 

in the respective countries and 3553 controls were ascertained from national population 

registers and frequency matched by age, sex, and region. Exposure to mobile phones was 

quantified via face-to-face and phone interviews. Data collected included start and end date of 

use, average use time, and average number of calls. The study found no substantial risk of 

acoustic neuroma in the first decade after starting mobile phone use but found an 80% increase 

in odds of acoustic neuroma among the highest and longest exposure group. However, no 

dose-response relationship was found. 

 

A population-based case-control study completed in the Australian, Canadian, French, Israeli, 

and New Zealand components of the INTERPHONE study examined the risk of glioma and 

meningioma as a result of mobile phone use.36 The study included 553 glioma and 676 

meningioma cases were ascertained from neurological and ontological centers in each country 

and, while 1,762 glioma controls and 1911 meningioma controls were ascertained from locally-

appropriate population-based sampling frames. Exposure was quantified with highly detailed 
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breast cancer screening program. Mobile phone exposure was quantified via 3 surveys 

completed at baseline, midpoint, and the end of follow-up. During 7 years of follow-up, 51,860 

incident cases of cancer and 1,261 incidentce CNS tumors were observed. The study found no 

difference in risk of CNS tumors between never and ever users of mobile phones but found an 

146% increased risk of acoustic neuroma in long term mobile phone users and a dose response 

relationship for acoustic neuroma in terms of duration of use. No increased risk of glioma or 

meningioma was found for long term users. Generally, cohort studies are considered the 

highest quality epidemiological evidence, with prospective cohorts as the gold standard 

observational study type.53 However, the results of 3 of the cohort studies above are less 

reliable due to poor mobile phone exposure assessment. The Benson et al. study is one of the 

higher quality studies completed to date with fewer limitations, but participation bias, 

reporting bias, and confounding are still possible due to low survey response rates, changes in 

individual mobile phone use over time, and differences in socioeconomic status between 

exposed and unexposed groups, respectively. The findings of this study agree with a number of 

the INTERPHONE and Hardell group studies, where long term exposure to mobile phones is 

associated with increased risk of CNS cancer. The Benson et al. study also found a dose

response relationship, which is a finding that is largely missing from the case control 

studiesliterature outside. 

 

Summary of Cancer Endpoints 

 

Overall, there is currently insufficient evidence to indicate a causal relationship between mobile 

phone exposures and any cancer endpoint. MostThe large majority of studies that we reviewed 

found no association between ultra-high and super-high RFR exposures and cancer endpoints. 

AltThough an association there is some agreement among studies of an association between 

long-term mobile phone use and various brain cancers was found in some studies, including in 

the high quality Danish prospective cohort study by Benson et al., more studies found no 

association between long-term use and cancers. Further, manymost of the studies with positive 

associations haveve an extensive list ofseveral limitations that reduce the ability to deduce 

causation.  

 

To summarize the overall limitations of observational RFR-cancer studies, it is important to first 

mention the unifying problemslimitations in many studies: misclassification bias and 

unmeasured confounding of RFR exposure. Accurately classifying individual RFR exposure 

without direct dosimetry is difficult and the use of basic exposure variables makes studies 

prone to these biases. This is a particularly problematic aspect of the child case-control, adult 

ecological, and adult retrospective cohort studies reviewed, as many used location-based 

assessments or phone subscriptions as the exposure variable, which are inadequate for 

capturing individual exposures. In contrast, every adult case-control study used individual 

questionnaire responses as the basis of their exposure assessments. Though this improves the 

accuracy of RFR exposure assessment and better captures confounding RFR exposures, no 

studies we reviewed validated their questionnaires or interviews via dosimetry to rule out recall 

bias and interviewer bias. Beyond overall limitations, the RFR-cancer case-control studies 

reviewed above have many methodological issues that are common for case-controls, including 
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selection bias due to high control refusal rates, recall bias, interviewer bias from non-blinded 

interviews, and lack of adjustment for confounding. 

 

The available Further, resultsResults from the Benson et al. and case controlepidemiology 

studies with positive associations y are not enough evidence alone to conclude a causal 

association for long-term mobile phone use, especially for U.S. populations, in part due to 

differences between U.S. and European phone standards,. T the lack of a dose-response 

relationship in most studies, and the overall inconsistent results further indicate that a causal 

relationship between RFR and cancer is unlikely to exist. Going forward, researchers should 

consider completiHowever, as the global population continues to be exposed to RFR from 

various sources, mngore high quality prospective cohort studies are needed to confirm  to 

further examine the trueinform the weight of evidence for any the carcinogenic effects of long-

term RFRmobile ph exposureone use on cancer endpoints. These studies would need to 

account for the changing exposures to RFR; for example, people might be less likely to have a 

phone close to their heads nowadays than they did 20 years ago. A summary of cancer studies 

that we reviewed are in Tables 1 and 2 of the Appendix. 

 

 

Noncancer endpoints 

 

In the following sections, we discuss studies that examined the relationship between RFR 

exposure or exposure of RFR-emitting devices and effects on different human body systems 

and functions, such as auditory function, cognitive function, nervous system, miscarriage, 

reproductive system, sleep, mental health, and others.  

 

Toxicity 

 

Radiofrequency Radiation Exposures on Body System 

 

Radiofrequency radiation (RFR) is non ionizing radiation that is often emitted from electronic 

devices such as cell phones, computers, tablets, and television. Many electronic devices utilizing 

wireless technology will emit RFR. Due to the advancement of technology and the reliance on 

electronic devices in human lives, humans are exposure to RFR daily. The effect of RFR had 

been examined among literature.  

Exposure to RFR could lead to negative effect on the human body. Many literature had 

examined the effect of RFR on various human body system. Harms to any part of the human 

body could lead to negative impact on everyday functions and disabilities. In the following 

sections, studies examining the relationship between RFR exposure and the human body will be 

discussed categorized by different human body systems and functions, such as auditory 

functions, cognitive functions, cardiorespiratory systems, central nervous system, children 

development, miscarriage, and reproductive system.  

Auditory function/system 
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participants' age range included in this systematic review is from 2 years (Twenge & Campbell, 

2018) old to 103 years old (Minagawa & Saito, 2014).  

 The type of studies designed found included cross sectional (n=18), qualitative (n=1), 

meta analysis (n=1), and prospective cohort design (n=2). For the study with prospective cohort 

design, the duration between pre  and post test were 365 days (Thomée et al., 2011; Zhu et al., 

2016). A majority of the studies (n=15) use survey methods to measure the exposure and 

outcome variables. Thomée et al. (2010) used interviews to collect data. The exposure variables 

found among the included studies were EMF exposure (Kleinlogel et al., 2008a, 2008b; Röösli et 

al., 2004; Sauter et al., 2011; Wdowiak et al., 2018; Zhu et al., 2016), cell phones and WIFI usage 

(Augner & Hacker, 2012; Cho et al., n.d.; Ikeda & Nakamura, 20140500; Minagawa & Saito, 

2014; Pearson et al., 2017; Ranjbaran et al., 2019; Redmayne et al., 2013; Tamura et al., 2017; 

Thomée et al., 2010, 2011; Twenge & Campbell, 2018; Vahedi & Saiphoo, 2018; Vernon et al., 

2018), and perceived risk of the proximity of a cell phones towers (Denny Bas et al., 2014). It is 

important to note that only three studies (Kleinlogel et al., 2008a, 2008b; Sauter et al., 2011) 

had participants directly expose to EMF, other studies (Röösli et al., 2004; Wdowiak et al., 2018; 

Zhu et al., 2016) used a survey to determine exposure to EMF. Different outcome variables 

were found among the included in the systematic review, but they all related to mental health. 

The outcomes found included psychological well being, depressive symptoms, stress, and 

anxiety.   

Out of the included studies, 13 (Augner & Hacker, 2012; Cho et al., n.d.; Ikeda & 

Nakamura, 20140500; Ranjbaran et al., 2019; Redmayne et al., 2013; Röösli et al., 2004; Tamura 

et al., 2017; Thomée et al., 2010, 2011; Twenge & Campbell, 2018; Vahedi & Saiphoo, 2018; 

Vernon et al., 2018; Wdowiak et al., 2018) studies determine that there are adverse effects on 

mental health in exposing to the exposure variables; while seven studies (Denny-Bas et al., 

2014; Kleinlogel et al., 2008a, 2008b; Minagawa & Saito, 2014; Pearson et al., 2017; Sauter et 

al., 2011; Zhu et al., 2016) determine that is no adverse effects on mental health. Some of the 

results included cell phones usage is related to higher levels of depressive symptoms (Augner & 

Hacker, 2012; Ikeda & Nakamura, 20140500; Redmayne et al., 2013; Thomée et al., 2010, 2011; 

Twenge & Campbell, 2018; Wdowiak et al., 2018), higher levels of stress (Twenge & Campbell, 

2018; Vahedi & Saiphoo, 2018), and higher levels of stress (Augner & Hacker, 2012; Röösli et al., 

2004; Thomée et al., 2010; Vahedi & Saiphoo, 2018). On the other hand, the study by Zhu et al. 

(2016) found that exposure to RF EMF after cranioplasty was associated with a lower risk of 

depression and anxiety among individuals with traumatic brain injuries. Also, it has been found 

the exposure to RF EMF is not associated with poorer human cognitive and cognition functions 

(Kleinlogel et al., 2008a, 2008b; Sauter et al., 2011). Also, it has been found that for older 

adults, cell phones used are associated with lower levels of depressive symptoms for older 

adults (Minagawa & Saito, 2014) and higher mental well being in a household (Pearson et al., 

2017). 

Discussion 

Among the included articles in this systematic review, it is unclear on the effects of EMF 

and EMF emitted devices on mental health among humans. While usage of EMF emitted 

devices could increase depressive symptoms and stress, but direct exposure to EMF did not 

have a significant effect on mental health and mental well being. Also, the exposure of EMF did 

not have a substantial impact on human cognition.   
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response to: The case of acoustic neuroma: comment on mobile phone use and risk of 

brain neoplasms and other cancers. International Journal of Epidemiology, 43(1), 275-275. 
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Appendix 
 

The following tables summarize the studies we reviewed on the different health endpoints 

associated with exposure to RFR or RFR sources and receivers. We include a column for 

whether an adverse effect was observed or not, but this does not indicate an effect of RFR 

necessarily. In most cases, studies did not measure RFR directly; rather, they relied on reported 

cell phone use, modeled RFR exposure, or other methods. 
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Table 1. Cancer studies: original research 

 
Study Name (Year) Authors Funding 

Source 

Study Type Study Population Study 

dates/ 

Follow-up 

length 

Study Population 

Size 

Endpoint 

Examined 

Exposure 

Assessment 

Adverse 

Effect 

Yes/ No 

Comments (if adverse 

effect, increase in 

odds/risk) 

Changes in Brain 

Glioma Incidence 

and Laterality 

Correlates with 

Use of Mobile 

Phones – a 

Nationwide 

Population Based 

Study in Israel 

(2012) 

Barchan

a et alet 

al. 

No funding Descriptive 

incidence 

study, 

ecological 

All individuals 

diagnosed w/ 

brain gliomas in 

Israel 1980-2009 

1980-

2009 

4,993 Incidence 

and 

laterality 

of gliomas 

Completed 

convenience 

sample survey 

of 1000 

Israelis to 

examine 

laterality of 

mobile phone 

use 

No Shift in laterality of 

brain tumors over 

period. Poor study 

design and poor 

explanation of 

methods. Weak study – 

descriptive design, 

results likely not worth 

including in review. 

Mobile phone use 

and risk of brain 

neoplasms 

and other cancers: 

prospective study 

(2013) 

Benson 

et alet 

al. 

Governme

nt and 

NGO 

Prospectiv

e cohort 

791 710 UK 

middle-aged 

women 

1999-

2009 

791 710 Intracrani

al CNS 

tumors: 

acoustic 

neuroma, 

glioma, 

meningio

ma 

Surveys on 

mobile phone 

usageuse in 

1999, 2005, 

2009. 

Assessed both 

how often 

and how long 

mobile 

phones used. 

Yes Long term mobile 

phone use was 

associated with 

increased risk of 

acoustic neuroma. 

Medium to strong 

study due to sample 

size and cohort design, 

though recall bias is 

possible and surveys at 

only 3 time points 

could exacerbate this. 

Interviewer bias (non-

blinded) possible and 

study only included 

women so results may 

not generalize to full 

population. Possible 

reporting and 

participation biases and 

serious potential for 

confounding. 

 

(146% risk increase 

[7% 464%] 

 

Authors’ response 

to: The case of 

acoustic neuroma: 

Benson 

et al. 

Governme

nt and 

NGO 

Prospectiv

e cohort 

791 710 UK 

middle-aged 

women 

1999-

2011 

791 710 Acoustic 

neuroma 

Surveys on 

mobile phone 

use in 1999  

No Extended analysis 

rendered acoustic 

neuroma risk 
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comment on 

mobile phone use 

and risk of brain 

neoplasms and 

other cancers 

(2014)  

 

2005  2009  

2011. 

Assessed both 

how often 

and how long 

mobile phone 

used. 

insignificant and there 

was no increased risk 

with duration of use. 

Has the incidence 

of brain cancer 

risen in Australia 

since the 

introduction of 

mobile phones 29 

years ago? (2016) 

Chapma

n et alet 

al. 

No funding Descriptive 

incidence 

study 

19,858 males and 

14,222 females 

diagnosed with 

brain cancer in 

Australia between 

1982 and 2012 

1982-

2012 

34,080 Brain 

cancer 

incidence 

Based on 

annual 

reports of 

mobile phone 

accounts, 

grouped into 

time-related 

exposure 

categories. 

No No evidence of any rise 

in any age group that 

could be plausibly 

attributed to mobile 

phones. Weak study – 

descriptive design, 

probably not worth 

including in review. 

A case–control 

study of risk of 

leukaemia in 

relation to mobile 

phone use (2010) 

Cooke et 

alet al. 

Governme

nt 

Population

-based 

Case-

control 

Cases: diagnosed 

leukemia, age 18-

59, in southeast 

England, and 

diagnosed years 

2003-2007. 

Controls: non-

blood relatives of 

cases, did not live 

with cases and fits 

age/residence 

2003-

2009 

806 cases, 585 

controls 

Leukemia 

incidence 

Surveys of 

mobile phone 

use. Subjects 

asked about 

make and 

model of 

phone, 

whether they 

were regular 

users (6mos 

or longer), 

average 

length of calls, 

proportion of 

calls that 

were hands-

free 

No No association 

between regular phone 

use and developing 

leukemia. Low strength 

study - Possible 

selection bias from 

strange method used 

to select controls 

(relatives) and no 

mention of how 

cases/controls were 

matched, interviewer 

bias (non-blinded) and 

recall bias for surveys. 

Sampling bias also 

possible due to 

population-based 

design (unclear how 

control selection 

method is population-

based). 

Cell Phones and 

Parotid Cancer 

Trends in England 

(2011) 

de Vocht No funding Descriptive 

incidence 

study 

Incident cases in 

UK 1986-2008 (all 

individuals) 

1986-

2008 

List rates only for 

selected years 

Parotid 

Cancer 

incidence 

No exposure 

assessment, 

comparison of 

rates before 

and after 

phones came 

into 

widespread 

use 

No Trends in England 

started before 

widespread cell phone 

use, are more gradual, 

and differ in magnitude 

by sex, which does not 

point to cell phone use 

as the main driver of 

these trends. Weak 
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study – descriptive and 

no exposure 

assessment. Do not 

recommend inclusion 

in review. 

Inferring the 

1985–2014 impact 

of mobile phone 

use on selected 

brain 

cancer subtypes 

using Bayesian 

structural time 

series and 

synthetic controls 

(2016) 

de Vocht No funding Ecological Annual 1985–2014 

incidence of 

malignant glioma, 

glioblastoma 

multiforme, and 

malignant 

neoplasms 

of the temporal 

and parietal lobes 

in England (all 

individuals) 

1985-

2014 

List rates only for 

selected years 

Glioma, 

glioblasto

ma 

multiform

e, and 

malignant 

neoplasm

s 

of the 

temporal 

and 

parietal 

lobes - 

incidence 

Number of 

cellular 

mobile phone 

subscriptions 

(UN data) 

Yes Increased risk of 

developing malignant 

neoplasms of temporal 

lobe. Medium strength 

study - has advanced 

methodology but 

suffers from ecological 

fallacy and less 

informative/effective 

exposure assessment. 

 

(35% risk increase 

[95% CI: 9%-59%]) 

Analyses of 

temporal and 

spatial patterns of 

glioblastoma 

multiforme and 

other brain cancer 

subtypes in 

relation to mobile 

phones using 

synthetic 

counterfactuals 

(2019) 

de Vocht No funding Ecological Annual 1985–2005 

incidence of brain 

cancer subtypes 

for England (all 

individuals) 

1985-

2005 

14,503 malignant 

cases 

Glioblasto

ma 

incidence 

National 

number of 

cellular 

mobile phone 

subscriptions 

(UN data) 

Yes Increases in excess of 

the counterfactuals for 

GBM were found in the 

temporal and frontal 

lobes. Low to medium 

strength study - large 

sample size and 

advanced methods but 

suffers from ecological 

fallacy, poor exposure 

assessment, and highly 

uncertain estimates. 

 

(Temporal: 38% 

increase [95% CI: -7% 

to 78%]; Frontal: 36% 

increase [95% CI: -8%-

77%]; Cerebellum: 59% 

increase [95% CI: 0%-

120%]) 

Mobile Phone Use 

and Incidence of 

Glioma in the 

Nordic Countries 

1979-2008. (2012) 

Deltour 

et alet 

al. 

Governme

nt 

Simulation 

study 

Men and women 

aged 20-79 in 

Nordic counties 

diagnosed with 

glioma 

1979-

2008 

35,250 glioma 

cases 

Glioma 

incidence 

Self-reports 

from sample 

of general 

population in 

Interphone 

study. Data 

on "regular" 

No No clear trend change 

in glioma incidence 

rates was observed. 

Medium strength study 

- Simulation studies 

have poor ability to 

point toward causality, 
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use, 

proportion of 

heavy users, 

and 

estimation of 

lag/induction 

period 

but large sample size, 

effective exposure 

assessment, and 

accounting for 

induction period. Recall 

bias is possible due to 

self-reports and 

interviewer bias (non-

blinded). 

Time Trends in 

Brain Tumor 

Incidence 

Rates in Denmark, 

Finland, Norway, 

and 

Sweden, 1974 – 

2003. (2009) 

Deltour 

et alet 

al. 

Governme

nt and 

private 

Incidence 

study 

(descriptiv

e) 

Men and women 

aged 

20 – 79 years 

diagnosed with 

brain tumors in 

Nordic countries 

1974 – 

2003 

59,984 diagnosed 

with brain tumors 

 

Brain 

cancer 

incidence 

No exposure 

assessment 

No No change in incidence 

trends from 1998 to 

2003, the time when 

possible 

associations between 

mobile phone use and 

cancer risk would be 

informative 

about an induction 

period of 5 – 10 years. 

Weak study – 

descriptive design. Do 

not recommend for 

inclusion in review. 

Use of mobile 

phones and risk of 

brain tumours: 

update 

of Danish cohort 

study. (2011) 

Frei et 

alet al. 

Governme

nt 

Prospectiv

e cohort  

All Danes aged ≥30 

and born in 

Denmark after 

1925, 

subdivided into 

subscribers and 

non-subscribers of 

mobile phones 

before 

1995. 

1990-

2008 

358,403 phone 

subscription 

holders accrued 

3 8 million person 

years and 10,729 

CNS tumors 

Brain 

cancer 

incidence 

Mobile phone 

subscriptions 

No No increased risks of 

tumours of the central 

nervous system, 

providing little 

evidence for a causal 

association. Medium to 

high quality evidence 

based on cohort study 

design and sample size. 

Major shortfall is 

exposure assessment – 

mobile phone 

subscriptions is not 

detailed enough. 

Adverse health 

indicators 

correlating with 

sparsely populated 

areas in Sweden. 

(2007) 

Hallberg Author 

works for 

Ericsson 

Ecological Swedish incidence 

rates of all cases 

of prostate cancer 

and leukemia, 

among a variety of 

other health 

indicators 

1997-

2003 

Sample size not 

stated – rates only 

Prostate 

cancer 

and 

leukemia 

incidence 

Estimated 

average 

output power 

over Swedish 

counties 

from mobile 

phones and 

base stations 

based on 

Yes Density of base stations 

and higher average 

output=higher 

incidence. Low strength 

study - very weakly 

explained and designed 

study with no 

adjustment for obvious 

confounders and 
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coverage 

maps (year of 

measure not 

described) 

extensive use of simple 

linear models; many 

assumptions made in 

exposure assessment 

and poor explanation 

of how temporality/ 

induction period fits in. 

Possibly should be 

included in review but 

note serious caveats. 

 

(Correlation statistics 

only – no way to 

calculate risk increase) 

The incidence rate 

and mortality of 

malignant brain 

tumors 

after 10 years of 

intensive cell 

phone use in 

Taiwan. (2013) 

Hsu et 

alet al. 

No funding Ecological All cases of brain 

cancer in Taiwan 

2000-2009 

2000-

2009 

Sample size not 

state – rates only 

Brain 

cancer 

incidence 

and 

mortality 

Total cell 

phone users 

in Taiwan by 

year 

No No correlation between 

cell phone use and 

brain cancer. Weak 

study – basic exposure 

assessment, no 

adjustment for 

confounding, and 

suffers from ecological 

fallacy. Possibly should 

be included in review 

but note serious 

caveats. 

Brain cancer 

incidence trends in 

relation to cellular 

telephone use in 

the United States. 

(2010) 

Inskip et 

alet al. 

Governme

nt 

Descriptive 

incidence 

study 

White patients 

diagnosed with 

brain cancer 1977-

2006 from SEER 

1977-

2006 

38,788 cases of 

brain cancer 

Brain 

cancer 

incidence 

No exposure 

assessment, 

comparison of 

rates before 

and after 

phones came 

into 

widespread 

use 

No No evidence of 

relationship between 

cell phones and brain 

cancer. Weak study – 

descriptive design and 

no exposure 

assessment. Do not 

recommend inclusion 

in review. 

Acoustic neuroma 

risk in relation to 

mobile telephone 

use: Results of the 

INTERPHONE 

international 

case–control 

study. (2011) 

INTERPH

ONE 

group 

Governme

nt and 

private 

Population

-based 

Case-

control 

Cases: all patients 

with a 

schwannoma of 

the acoustic nerve 

diagnosed in study 

region in 2000-

2004. 

Controls: 2 for 

each case from 

population-based 

sampling frame. 

2000-

2004 

1105 cases and 

2145 controls 

Acoustic 

neuroma 

incidence 

Face-to-face 

interviews. 

Questions 

about all 

ionizing and 

non-ionizing 

radiation 

exposure (this 

is as much 

detail given) 

Yes Elevated odds ratios 

observed at the highest 

level of cumulative call 

time, but no increase in 

risk of acoustic 

neuroma with ever 

regular use of a mobile 

phone or for users who 

began regular use 10 

years or more before 

date of diagnosis. 
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Both individual 

and frequency 

matching used 

depending on site. 

Matched for age, 

sex, region, and 

ethnicity (only in 

Israel) 

Medium to strong 

study – larger sample 

size, effective exposure 

assessment but authors 

note selection bias, 

non-response bias, and 

recall bias as concerns. 

Sampling bias also 

possible due to 

population-based 

design along with 

interviewer bias due to 

non-blinded interviews. 

Proxies were used for 

some interviews as 

well. Also, did not 

complete sensitivity 

analysis to check for 

overmatching due to 

individual matching 

design. 

 

(179% odds increase 

[95% CI: 51%-416%] for 

those w/ ≥ 1640 hours 

of use) 

Mobile phones 

and malignant 

melanoma of the 

eye (2002) 

Johansen 

et alet 

al. 

Governme

nt and 

NGO 

Ecological All cases of ocular 

melanoma in 

Denmark 1943-

1996 

1943-

1996 

111 total cases of 

ocular melanoma 

Ocular 

melanom

a 

incidence 

Annual 

numbers of 

mobile 

telephone 

subscribers 

No No association 

between mobile 

phones and ocular 

melanoma. Weak study 

based only on 

incidence trends, small 

sample size, and rough 

exposure assessment 

over a long period 

where cell phones were 

not even around yet. 

Do not recommend for 

inclusion in review.  

Electromagnetic 

fields and health 

effects—

epidemiologic 

studies of cancer, 

diseases of the 

central nervous 

Johansen No funding Retrospect

ive cohort 

Danish cohort of 

mobile phone 

subscribers 

1982-

1995 

723,421 mobile 

phone subscribers 

and 2876 cases of 

cancer 

All 

cancers of 

any 

mobile 

phone 

subscriber

s 

Telephone 

plan 

subscribers. 

Data on 

duration of 

phone use, 

latency, 

No No increased risk 

observed for the 

cancers considered a 

priori to be possibly 

associated with the 

radiofrequency fields 

emitted by mobile 
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system and 

arrhythmiarelated 

heart disease 

(2004) 

system used 

(NMT, GSM or 

both) and age 

at first 

subscription 

were 

collected. 

phones, which were 

brain tumors, including 

acoustic neuroma, 

salivary gland tumors, 

and leukemia. Strong 

study due to sample 

size and because of 

exposure assessment: 

analyzed by duration of 

phone use, latency, 

system used (NMT, 

GSM or both) and age 

at first subscription. 

Authors note possible 

selection bias, 

misclassification of 

exposure 

and outcome, and 

confounding.  

Trends in 

incidence of 

primary brain 

cancer in New 

Zealand, 1995 to 

2010 (2015) 

Kim et 

alet al. 

No funding Descriptive 

incidence 

study 

Brain malignancies 

in New Zealand 

from 1995 to 2010 

(population-

based) 

1995-

2010 

4,212 cases of 

brain cancer 

Brain 

cancers 

incidence 

No exposure 

assessment 

No No consistent increase 

in incidence rates of 

primary brain cancers. 

Weak study due to 

descriptive nature and 

no exposure 

assessment. Do not 

recommend for 

inclusion in review. 

Use of mobile 

phones in Norway 

and risk of 

intracranial 

tumours (2007) 

Klaeboe 

et alet 

al. 

Governme

nt and 

private 

Population

-based 

Case-

control 

16-69 year-olds 

diagnosed with 

gliomas, 

meningiomas or 

acoustic neuromas 

in 2001-2002 in 

Southern Norway. 

Controls randomly 

sampled from 

Norwegian 

Central Population 

Register 

(frequency-

matched for age, 

sex, region) 

2001-

2002 

Cases: 289 glioma, 

207 meningioma, 

45 acoustic 

neuroma from 

larger cohort. 

Controls: 518 

controls  

Glioma, 

meningio

ma, 

Acoustic 

neuroma 

incidence 

Face-to-face 

interviews. 

Data on 

number of 

years of 

exposure, 

number of 

years since 

regular use 

began, and 

cumulative 

time of 

mobile phone 

use. 

No No increased risk of 

gliomas, meningiomas, 

or acoustic neuromas. 

Low to medium 

strength study: non-

response bias in cases 

and controls, 

differential 

misclassification of 

exposure, and recall 

bias. Sampling bias also 

possible due to 

population-based 

design along with 

interviewer bias due to 

non-blinded interviews. 
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Mobile phone use 

and risk of glioma 

in 5 North 

European 

countries (2007) 

Lahkola 

et alet 

al.  

Governme

nt and 

private 

Population

-based 

Case-

control 

Glioma patients 

(residents of study 

countries 20-69 

years in Nordic, 

18-59 in England). 

Frequency-

matched (age, sex, 

region) controls 

from national 

population 

registers. 

2000-

2004 

Cases: 1,521 

glioma patients  

Controls: 3,301  

Glioma 

incidence 

Face-to-face 

interviews in 

all countries 

except 

Finland (paper 

survey). Data 

on regular use 

of mobile 

phones (at 

least once a 

week for at 

least 6 

months), start 

and end dates 

of use, phone 

types, and 

frequency of 

use. 

Yes, 

slightly in 

long term 

use 

No increased risk of 

glioma from mobile 

phone use – though 

possible risk among 

longest-term exposure 

and most exposed 

portion of brain. Strong 

study (sample size and 

adjustment for 

confounders) but 

authors note recall bias 

likely affecting their 

estimates, selection 

bias from lost controls. 

Sampling bias also 

possible due to 

population-based 

design along with 

interviewer bias due to 

non-blinded interviews. 

 

(39% increased odds in 

long-term high 

exposure brains [95% 

CI: 1% to 92%]) 

Mobile phone use 

and glioma risk: 

comparison of 

epidemiological 

study results with 

incidence trends in 

the United States 

(2012) 

Little et 

alet al. 

Governme

nt 

Ecological 24,813 non-

Hispanic white 

people diagnosed 

with 

glioma at age 18 

years or older 

1992-

2008 

24,813 Glioma 

incidence 

Mobile phone 

subscriptions 

per year 

in the US in 

1985-2010 

No U.S. incidence rates are 

not high enough to 

indicate effect of 

mobile phones. Low to 

medium strength study 

– large sample size, but 

suffers from ecological 

fallacy and less 

detailed/effective 

exposure assessment. 

Recommended for 

inclusion in review, but 

with caveats noted. 

Probabilistic 

Multiple-Bias 

Modeling Applied 

to the Canadian 

Data From the 

Interphone Study 

of Mobile Phone 

Use and Risk of 

Momoli 

et alet 

al. 

Governme

nt and 

private 

Population

-based 

case-

control 

Canadians 30–59 

years of age who 

live in Canadian 

INTERPHONE 

study regions and 

diagnosed w/ 

glioma, 

meningioma, 

2001-

2004 

Cases: 405 

Controls: 516  

Glioma, 

meningio

ma, 

acoustic 

neuroma, 

parotid 

gland 

In-person 

face-to-face 

interviews. 
Questions 

asked about 

patterns of 

use (daily 

amount and 

No Little evidence of an 

increase in the risk of 

meningioma, acoustic 

neuroma, or parotid 

gland tumors in 

relation to mobile 

phone use. Strong 

study - Re-analysis of 
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Glioma, 

Meningioma, 

Acoustic Neuroma, 

and Parotid Gland 

Tumors (2017) 

acoustic neuroma, 

or malignant and 

benign parotid 

glandtumors. 

Frequency-

matched (age and 

region) controls 

from provincial 

registry 

 

incident 

tumors 

"regular" 

use), network 

operators, use 

of hands-free 

devices, and 

use in urban 

and rural 

areas 

INTERPHONE study 

results with correction 

for selection, recall 

bias, but not sampling 

bias. Interviewer bias is 

possible due to non-

blinded interviews. 

Mobile 

Telephones and 

Rates of Brain 

Cancer (2006) 

Muscat 

et alet 

al. 

Private – 

funded 

directly by 

telecom 

association 

Descriptive 

incidence 

study 

U.S. men and 

women aged 6-20 

years with 

gangliogliomas 

and similar tumor 

types 

1973-

2002 

List only rates over 

1973-2002 period 

Neuronal 

brain 

cancer 

incidence 

No exposure 

assessment 

No Risk of neuronal brain 

cancer is not related to 

mobile phones. Weak 

study– descriptive and 

no exposure 

assessment. Do not 

recommend for 

inclusion in review. 

Mobile phone use 

and risk of 

acoustic neuroma: 

results of the 

Interphone case–

control study in 

five North 

European 

countries (2005) 

Schoema

ker et 

alet al. 

Governme

nt, NGO, 

and 

private 

Population

-based 

case 

control 

Individuals 

diagnosed w/ 

acoustic neuroma 

between 1999 and 

2004 at ages 20–

69 

years in the Nordic 

countries, 18–59 

in Southeast 

England, and 

18–69 in the 

Northern UK, and 

live in study region 

 

1999-

2004 

Cases: 678 cases of 

acoustic neuroma. 

Controls: 3553 

frequency (age-, 

sex-, and region-) 

matched controls 

of randomly-

sampled 

population from 

population 

registers 

Acoustic 

neuroma 

incidence 

Face-to-face 

and phone 

interviews. 

Start and end 

date of use, 

the average 

amount of 

time of use 

and number 

of calls. 

Yes, long-

term use 

No substantial risk 

of acoustic neuroma in 

the first decade after 

starting mobile phone 

use, but increased risk 

after longer term use 

or longer lag period. 

Strong study – large 

sample size, very 

thorough matching 

procedure, and 

effective exposure 

assessment. Possible 

recall biases, other 

cancer-specific 

information biases 

related to tumor 

laterality, possible 

sampling bias due 

population-based case 

control design along 

with interviewer bias 

due to non-blinded 

interviews. 

 

(80% increased odds 

[95% CI: 10%-310%] 
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among high exposure 

group) 

Cellular Phones, 

Cordless Phones, 

and the Risks of 

Glioma and 

Meningioma 

(Interphone Study 

Group, Germany) 

(2005) 

Schuz et 

alet al. 

Governme

nt and 

private 

Population

-based 

case 

control 

366 glioma 

cases, 381 

meningioma cases 

in Germany 

regions of 

Bielefeld, 

Heidelberg, Mainz, 

and Mannheim, 

Germany in those 

aged 30-69. 

Frequency (sex-, 

age-, and region-) 

matched controls 

from national 

registry 

2000-

2003 

Cases: 366 glioma 

cases, 381 

meningioma cases 

in Germany 

Controls: 1,494  

Glioma 

and 

meningio

ma 

incidence 

Face-to-face 

interviews. 

Data on 

"regular" use, 

make/model, 

number of 

calls 

received/mad

e, start and 

end date of 

use. 

No Cordless phone use 

was not related to 

either glioma 

risk or meningioma 

risk. Non-significant 

association between 

long-term cell phone 

use and glioma. 

Medium strength 

study. Selection and 

recall bias likely in this 

study – high refusal 

rate among controls, 

especially among low 

SES + sampling bias due 

to population-based 

case-control design 

along with interviewer 

bias due to non-blinded 

interviews. 

Radiofrequency 

Electromagnetic 

Fields Emitted 

from Base Stations 

of DECT Cordless 

Phones and the 

Risk of Glioma and 

Meningioma 

(Interphone Study 

Group, Germany) 

(2006) 

Schuz et 

alet al. 

Governme

nt and 

private 

Population

-based 

case 

control 

366 glioma 

cases, 381 

meningioma cases 

in Germany 

regions of 

Bielefeld, 

Heidelberg, Mainz, 

and Mannheim, 

Germany in those 

aged 30-69. 

Frequency (sex-, 

age-, and region-) 

matched controls 

from national 

registry 

2000-

2003 

Cases: 366 glioma 

cases, 381 

meningioma cases 

in Germany 

Controls: 1,494 

Glioma 

and 

meningio

ma 

incidence 

Face-to-face 

interviews. 

Data on 

"regular" use 

of DECT, 

make/model, 

number of 

calls 

received/mad

e, start and 

end date of 

use. 

No No increased risk of 

glioma/meningioma 

from DECT base 

stations. Medium 

strength study – 

selection and recall bias 

- high refusal rate 

among controls, 

especially among low 

SES. Also, few subjects 

had exposure to DECT 

base stations – 

reducing strength of 

evidence, plus sampling 

bias is possible due to 

study design. 

Interviewer bias due to 

non-blinded interviews 

also possible 

Long-Term Mobile 

Phone Use and the 

Risk of Vestibular 

Schwannoma: A 

Danish Nationwide 

Schuz et 

alet al. 

Governme

nt and 

NGO 

Nationwid

e 

retrospecti

ve cohort 

All private cellular 

telephone 

subscribers in 

Denmark 1992-

1995 

1995-

2006 

2 9 million Danish 

mobile phone 

subscribers 

Vestibular 

schwanno

ma 

incidence 

Mobile phone 

subscription – 

no mobile 

phone use 

characterizati

No No evidence that 

mobile phone use is 

related to the risk of 

vestibular 

schwannoma. Medium 
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Cohort Study 

(2011) 

on (how much 

exposure per 

person) 

to strong study despite 

large sample size – no 

characterization/catego

rization of mobile 

phone use, and 

schwannoma has 

particularly long 

induction period, so 

may be underestimate 

of risk. 

Time trends 

(1998–2007) in 

brain cancer 

incidence rates in 

relation to mobile 

phone use in 

England (2011) 

de Vocht 

et alet 

al. 

No funding Descriptive 

incidence 

study 

All brain cancers in 

England 1998-

2007 

1998-

2007 

Lists rates only Brain 

cancer 

incidence 

No exposure 

assessment 

No Mobile phones have 

not resulted in 

increased risk of brain 

cancer. Weak study – 

descriptive incidence 

design and no exposure 

assessment. Do not 

receommend for 

inclusion in review. 

    STUDIES VIA 

REFERENCE AFTER 

THIS LINE 

      

Brain Tumors and 

Salivary Gland 

Cancers Among 

Cellular Telephone 

Users (2002) 

Auvinen 

et alet 

al. 

Governme

nt and 

private 

Population

-based 

case 

control 

All salivary gland 

and brain cancer 

patients 

diagnosed in 

Finland in 1996 

and age/sex 

matched (does not 

list individual vs. 

frequency) 

controls from 

national registry (5 

controls to every 1 

case) 

1996 Cases: 398 brain 

tumor and 34 

salivary gland 

tumor cases 

Controls: 4705 

controls 

Salivary 

gland and 

brain 

cancer 

incidence 

Mobile phone 

subscriptions 

– duration of 

subscription 

up to study 

timeframe 

and type 

(analog vs 

digital) 

Yes Cellular phone use not 

associated with brain 

tumors or salivary 

gland cancers overall, 

but weak association 

between gliomas and 

analog and cellular 

phones. Medium 

strength study based 

on sample size, control 

selection, and control 

for confounders. 

Authors note exposure 

assessment as 

limitation, but better 

than ecological studies. 

Also sampling bias is 

possible due to pop-

based cohort design 

Does not list matching 

method in 

methodology. 
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(50% odds increase 

[95% CI: 0%-140%] of 

glioma among cell 

phone users and 110% 

odd increase [95% CI: 

30%-240%] of glioma 

among analog phone 

users) 

Mobile phone use 

and brain tumors 

in children and 

adolescents: a 

multicenter case-

control study 

(2011) 

Aydin et 

alet al. 

Governme

nt 

Case-

control 

All children and 

adolescents aged 

7-19 years who 

were diagnosed 

with a brain tumor 

between 

2004 and 2008 in 

Denmark, Sweden, 

Norway, and 

Switzerland. 2 age-

, sex-, region-

matched (does not 

list frequency vs 

individual) 

controls selected 

per case from 

national registries 

2004-

2008 

Cases: 352 

patients diagnosed 

w/ brain tumors 

Controls: 646 

controls from 

national 

population 

registries of 

participating 

countries 

Brain 

cancer 

incidence 

Face-to-face 

and 

telephone 

interviews 

with children 

and parents. 

Data on 

regular use, 

time since 

first use of 

mobile 

phones 

(years), 

cumulative 

duration of 

subscriptions 

(years), 

cumulative 

duration of 

use (hours), 

and 

cumulative 

number of 

calls. 

No Mobile phone users 

had difference in brain 

tumor risk compared 

with nonusers, risk did 

not increase with the 

duration of mobile 

phone use, nor was risk 

higher in the areas of 

the brain that came 

into closest proximity 

to a hand-held mobile 

phone. Medium 

strength study based 

on exposure 

assessment and 

confounder control. 

Sample size not 

sufficient to detect 

small risk increases, 

recall bias a particular 

problem among 

children, and sampling 

bias. Interviewer bias 

due to non-blinded 

interviews also 

possible. 

Risk of brain 

tumours in 

relation to 

estimated RF dose 

from mobile 

phones: results 

from five 

Interphone 

countries (2011) 

Cardis et 

alet al. 

Governme

nt and 

private 

Population

-based 

case 

control 

Patients with brain 

tumors from the 

Australian, 

Canadian, French, 

Israeli and New 

Zealand 

components of 

the Interphone 

Study (30-59 years 

with brain glioma 

or meningioma) 

and age-,sex-, 

2000-

2004 

Cases: 553 glioma 

and 676 

meningioma 

cases and  

Controls: 1762 

glioma and 1911 

meningioma 

controls 

Glioma 

and 

meningio

ma 

Highly 

detailed 

interviews, 

with amount 

of use, 

conditions, 

model types 

and 

operators. 

Used unique 

algorithm to 

estimate 

Yes Increased risk of glioma 

in long-term mobile 

phone users with high 

RF exposure and much 

smaller increases in 

meningioma risk. 

Medium to strong 

strength study due to 

sample size and 

detailed exposure 

assessment. Limitations 

are same as other 
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region-, and tumor 

laterality-matched 

(does not mention 

frequency vs. 

individual) 

controls from 

population 

registries 

actual dose of 

radiation for 

each case and 

control 

interphone studies – 

selection bias due to 

lower response among 

controls, recall bias, 

and sampling bias. Also, 

no mention of 

sensitivity analysis of 

new algorithm – this 

should have been done 

to show results are not 

spurious. 

 

(91% increased odds 

[95% CI: 5%-247%] 

with highest quintile of 

increasing exposure 

time and dose) 

Meningioma 

patients diagnosed 

2007–2009 and 

the association 

with use of mobile 

and cordless 

phones: a case–

control study 

(2013) 

Carlberg 

et alet 

al. 

NGO and 

private 

Population

-based 

Case-

control 

All meningiomas 

in Sweden among 

those 18-75 years 

old during 2007-

2009. Age- and 

region-matched 

controls from 

national 

population 

register (does not 

list frequency vs. 

individual 

matched) 

2007-

2009 

Cases: 709 

meningioma cases 

Controls: 1368 

controls 

Meningio

ma 

incidence 

Self-

administered 

questionnaire 

w/ telephone 

support. Poor 

explanation of 

data collected 

– cumulative 

call time and 

total years of 

use at least 

No No conclusive evidence 

of increased risk. 

Medium strength study 

– control for 

confounders, high 

response rate, and 

accounting for 

induction period. 

However, controls 

were not sex-matched 

and unexposed group 

not sufficient to 

ascertain statistically 

certain results along 

with possible sampling 

bias. Interviewer bias 

and recall bias are also 

possible. 

Cellular 

telephones and 

risk for brain 

tumors: a 

population-based, 

incident case-

control study 

(2005) 

Christens

en et 

alet al. 

Governme

nt and 

private 

Population

-based 

Case-

control 

All incident cases 

of glioma and 

meningioma 

diagnosed in 

Denmark between 

September 1, 

2000, and August 

31, 2002 aged 20-

69 and 

population-based 

frequency (age- 

2000-

2002 

Cases: 252 persons 

with glioma and 

175 persons with 

meningioma 

Controls: 822 

controls 

Glioma 

and 

meningio

ma 

incidence 

Face-to-face 

interviews. 

Data on 

regular users 

(use at least 

once a week 

for 6 months 

or more) and 

how many 

different 

cellular 

No No association 

between mobile 

phones and glioma or 

meningioma. Medium 

strength study – 

control for confounders 

and effective exposure 

assessment. Possible 

bias due low 

participation rate, 

recall bias, and 
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and sex-) matched 

controls. 

telephones 

used 

regularly. 

Start and stop 

dates of 

use were 

recorded. 

sampling bias. 

Interviewer bias due to 

non-blinded interviews 

also possible. 

Cellular telephone 

use and risk of 

acoustic neuroma 

(2004) 

Christens

en et 

alet al. 

Governme

nt and 

NGO 

Population

-based 

Case-

control 

All Danish cases of 

acoustic neuroma 

aged 20–69 years 

from 2000-2002. 

Two individually-

matched (age and 

sex) controls for 

each case from 

national 

population 

registry. 

2000-

2002 

Cases: 106 cases of 

acoustic neuroma 

Controls: 212 

controls 

Acoustic 

neuroma 

incidence 

Face-to-face 

interviews. 

Data on 

regular users 

(use at least 

once a week 

for 6 months 

or more) and 

how many 

different 

cellular 

telephones 

used 

regularly. 

Start and stop 

dates of 

use were 

recorded. 

No No association 

between cell phone use 

and acoustic neuroma. 

Medium to strong 

study – control for 

cofounders, effective 

exposure assessment, 

and correction for 

biases seen in other 

studies (case loss due 

to death, interviewer 

bias, retrospective case 

ascertainment). 

Possible recall bias and 

sampling bias possible 

present along with 

interviewer bias due to 

non-blinded interviews. 

Individual matching 

could have resulted in 

overmatching. 

Cellular telephone 

use and time 

trends for brain, 

head and neck 

tumours (2003) 

Cook et 

alet al. 

Governme

nt 

Descriptive 

incidence 

study 

Brain, head, and 

neck cancers of 

those aged 20 to 

69 years in New 

Zealand from 

1986-1998 

1986-

1998 

Only rates listed Brain, 

head, and 

neck 

tumor 

incidence 

No exposure 

assessment 

No No increase in tumors 

since introduction cell 

phones. Weak study – 

study design provides 

nearly no evidence due 

to lack of exposure 

assessment. Do not 

recommend for 

inclusion in review. 

Mobile phone use 

and brain tumours 

in the CERENAT 

case-control study 

(2014) 

Coureau 

et alet 

al. 

Governme

nt and 

NGO 

Population

-based 

Case-

control 

All those 16 years 

and older 

diagnosed with 

glioma/meningio

ma in Gironde, 

Calvados, Manche, 

and Hérault 

regions of France 

from 2004-2006. 2 

2004-

2006 

Cases: 253 glioma, 

194 meningioma 

cases 

Controls: 892 

controls 

Glioma 

and 

meningio

ma 

incidence  

Face-to-face 

interviews. 

Data on 

regular use, 

phone 

make/model, 

beginning 

and end dates 

for the use of 

Yes No association when 

comparing users to 

non-users, but 

association for highest 

cumulative users. 

Medium strength study 

– control for 

confounders and 

effective exposure 
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individually (age-, 

sex-, and region-) 

matched controls 

per case randomly 

selected from 

voter rolls 2005-

2008 

the phone, 

average 

number and 

duration of 

calls made 

and received 

per month 

during each 

use period; 

shared or 

individual use; 

occupational 

or personal 

use and 

hands-free kit 

use. 

assessment. Authors 

note they found recall 

bias and selection bias 

is possible. Further, 

the r  Aascertainment 

of controls via voter 

rolls may not 1) ot be 

representative of the 

population – not 

compulsory in France 

orand 2) does not 

match years of case 

diagnosis  and sampling 

bias s is likely. 

Interviewer bias due to 

non-blinded interviews 

s also possible. 

Overmatching due to 

individual matching 

design is possible. 

 

(189% odds increase 

[95% CI: 41%-493%] of 

glioma and 157% odds 

increase [95% CI: 2%-

544%] of meningioma 

in lifelong cumulative 

exposure) 

Mobile phone 

base stations and 

early childhood 

cancers: case-

control study 

(2010) 

Elliott et 

alet al. 

Governme

nt and 

private 

Case-

control 

All registered 

cases of cancer in 

children aged 0-4 

in Great Britain in 

1999-2001 of the 

brain, CNS, 

leukemia, non-

Hodgkin's 

lymphoma, and 

combined all 

cancer. 4 

individually (sex-, 

and age-) matched 

controls per case 

from UK national 

registry 

1999-

2001 

Cases: 1397 cases 

of cancer 

Controls: 5588 

controls 

Brain, 

CNS, 

leukemia, 

non-

Hodgkin's 

lymphom

a, and 

combined 

all cancers 

from 

mother's 

exposure 

during 

pregnancy 

Modeled 

power density 

from mobile 

phone base 

stations based 

on location – 

used 

fieldwork to 

create models 

that take into 

account rural 

vs. urban 

No No association 

between risk of early 

childhood cancers and 

estimates of the 

mother’s exposure 

to mobile phone base 

stations during 

pregnancy. Medium to 

strong study – large 

sample size, highly 

effective exposure 

assessment, reduced 

selection bias in 

comparison to other 

case-controls. 

Limitations: 

assumption of birth 

address as location of 
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pregnancy exposures, 

poor control for 

radiofrequency 

confounders e.g. 

mother's cell phone 

use. Overmatching due 

to individual matching 

design is possible. 

Brain tumour risk 

in relation to 

mobile telephone 

use: results of the 

INTERPHONE 

international case-

control study. 

(2010) 

INTERPH

ONE 

Group 

Governme

nt and 

private 

Population

-based 

case-

control 

All cases of glioma 

and menigioma 

among those 30-

59 years in 13 

countries from 

2000-2004. 

Frequency/individ

ually (Age-, sex-, 

and region-) 

matched controls 

in 12 countries. 

Also matched for 

ethnicity in Israel. 

2000-

2004 

Cases: 2708 glioma 

and 2409 

meningioma cases 

Controls: 2971 

glioma controls 

and 2662 

meningioma 

controls 

Glioma 

and 

meningio

ma 

Face-to-face 

and printed 

interviews. 

Data on 

regular users 

(use at least 

once a week 

for 6 months 

or more) and 

how many 

different 

cellular 

telephones 

used 

regularly. 

Start and stop 

dates of 

use were also 

recorded 

along with 

cumulative 

hours of use. 

Yes No increase of risk of 

glioma and 

meningioma across 

most exposure 

categories and 

meningioma global 

model. Highest 

exposure (greater than 

or equal 1640 

cumulative hours) 

showed increase in risk 

in glioma. Strong study 

– large sample size, 

effective exposure 

assessment, and multi-

country study. 

Limitations are same as 

other interphone 

studies – selection bias 

due to lower response 

among controls, recall 

bias, and sampling bias 

due to study design. 

Interviewer bias due to 

non-blinded interviews 

also possible. Proxy 

interviews completed 

for dead subjects. 

Overmatching due to 

individual matching 

design is possible. 

 

(Greater than or equal 

to 1640 cumulative 

hours: 40% odds 

increase [95% CI: 3%-

89%]) 
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Cellular and 

cordless 

telephones and 

the risk for brain 

tumours (2002) 

Hardell 

et alet 

al. 

Governme

nt and 

private 

Population

-based 

case-

control 

All alive 20-80 

year-olds 

diagnosed with 

brain tumors in 4 

regions in Sweden 

between 1997 and 

2000. Frequency 

(Sex-, age-, and 

region-) matched 

controls from 

population 

register. 

1997-

2000 

Cases: 1429 cases 

of brain cancer 

Control: 1470 

controls 

Brain 

cancers 

incidence 

Written 

questionnaire 

+ 

supplementar

y telephone 

interviews for 

certain 

cases/controls

. Data on type 

of phone, 

years of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

cumulative 

use in hours. 

Yes No association for 

digital or cordless 

phones. Increased risk 

from analog cell 

phones (450 MHz) – 

highest association was 

acoustic neuroma. 

Increased risk of 

tumors on side of head 

where cell phone was 

used. Medium to 

strong study – large 

sample size, effective 

exposure assessment, 

and longer latency 

period than others. 

Some evidence of 

recall, sampling, and 

interviewer bias and no 

mention of 

confounding control. 

 

(Analog phones: 30% 

odds increase [95% CI: 

2%-60%]; analog 

phones 10+ years 

induction: 80% odds 

increase [95% CI: 10%-

190%]) 

Use of cellular 

telephones and 

the risk for brain 

tumours: A case-

control study 

(1999) 

Hardell 

et alet 

al. 

Governme

nt, NGO, 

and 

private 

Population

-based 

case-

control 

All alive 20-80 

year-olds 

diagnosed with 

brain tumors in 2 

regions of Sweden 

1994-1996. 

Frequency (Age-, 

sex-, region-) 

matched controls 

from national 

registry. 

1994-

1996 

Cases: 209 cases of 

brain tumors 

Controls: 425 

controls 

Brain 

cancers 

incidence 

Written 

questionnaire 

+ 

supplementar

y telephone 

interviews for 

certain 

cases/controls

. Data on type 

of phone, 

years of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

No No evidence of 

increased risk. Medium 

strength study – 

medium-sized sample, 

effective exposure 

assessment, and 

accounting for tumor 

induction period. 

However, recall, 

sampling, and 

interviewer bias are 

possible. Results may 

not be generalizable 

outside of these 

Swedish regions 

(espec ally toincluding 

US). 
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cumulative 

use in hours. 

Pooled analysis of 

two case-control 

studies on the use 

of cellular and 

cordless 

telephones and 

the risk of benign 

brain tumours 

diagnosed during 

1997-2003 (2006) 

Hardell 

et alet 

al. 

Governme

nt, NGO, 

and 

private 

Population

-based 

case-

control 

All alive 20-80 

year-olds 

diagnosed with 

brain tumors in 2 

regions of Sweden 

1997-2003. 

Frequency (Age-, 

sex-, region-

)matched controls 

from national 

registry. 

1997-

2003 

Cases: 1254 cases 

Controls: 2162 

controls 

Benign 

brain 

tumor 

incidence 

Written 

questionnaire 

+ 

supplementar

y telephone 

interviews for 

certain 

cases/controls

. Data on type 

of phone, 

years of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

cumulative 

use in hours. 

Yes Increased risk from 

cordless, analog, and 

digital cell phones – 

specifically 

meningioma and 

acoustic neuroma in 

more specific analyses. 

Medium to strong 

study – large sample 

size, effective exposure 

assessment, accounting 

for tumor induction 

period, and 

confounding control. 

Possible recall, 

interviewer, and 

sampling bias, wide 

confidence interval for 

higher latency period 

results, and authors 

note no dose-response 

for certain outcomes 

(meningioma), which 

reduces case for 

causality. Results may 

not be generalizable 

outside of these 

Swedish regions 

(espec ally toincluding 

US). 

 

(Acoustic neuroma-

analog: 190% odds 

increase [95% CI: 

100%-330%]; acoustic 

neuroma-digital: 50% 

odds increase [95% CI: 

10%-110%]; acoustic 

neuroma-cordless: 

50% odds increase 

[95% CI: 4%-100%]; 

acoustic neuroma-

analog >15 year 

latency: 280% odds 



78 

 

increase [95% CI: 4%-

900%]) 

Pooled analysis of 

two case–control 

studies on use of 

cellular and 

cordless 

telephones and 

the risk for 

malignant brain 

tumours 

diagnosed in 

1997–2003 (2006) 

Hardell 

et alet 

al. 

Governme

nt, NGO, 

and 

private 

Population

-based 

case-

control 

All alive 20-80 

year-olds 

diagnosed with 

brain tumors in 2 

regions of Sweden 

1997-2003. 

Frequency (Age-, 

sex-, region-

)matched controls 

from national 

registry. 

1997-

2003 

Cases: 905 cases 

Controls: 2162 

controls 

Malignant 

brain 

tumor 

incidence 

Written 

questionnaire 

+ 

supplementar

y telephone 

interviews for 

certain 

cases/controls

. Data on type 

of phone, 

years of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

cumulative 

use in hours. 

Yes Increased risk from 

cordless, analog, and 

digital cell phones for 

combined malignant 

brain tumors among 

highest cumulative use 

category (2000hrs) – 

>10 year latency risk in 

astrocytoma as well. 

Medium to strong 

study – large sample, 

effective exposure 

assessment, accounting 

for tumor induction 

period, and 

confounding control. 

Possible recall, 

interviewer, and 

sampling bias, very 

wide confidence 

interval for many 

results. Results may not 

be generalizable 

outside of these 

Swedish regions 

(espec ally toincluding 

US). 

 

(Cumulative 2000+hrs) 

(All brain cancer-

analog: 490% odds 

increase [95% CI: 

150%-1300%]; All brain 

cancer-digital: 270% 

odds increase [95% CI: 

70%-670%]; All brain 

cancer-cordless: 130% 

odds increase [95% CI: 

50%-260%];  

 

(Astrocytoma >10 year 

latency) 

(Analog: 280% odds 

increase [95% CI: 4%-
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900%]; digital: 280% 

odd increase [95% CI: 

80%-710%]; cordless: 

120% odds increase 

[95% CI: 30%-290%])) 

Pooled analysis of 

case-control 

studies on 

malignant brain 

tumours and the 

use of mobile and 

cordless phones 

including living 

and deceased 

subjects (2011) 

Hardell 

et alet 

al. 

NGO and 

private 

Population

-based 

case-

control 

All dead and alive 

20-80 year-olds 

diagnosed with 

brain tumors in 4 

regions of Sweden 

1997-2003. 

Frequency (Age-, 

sex-, vital status-, 

and region-

)matched controls 

from national 

registry. Dead 

controls from 

those that had 

died of malignant 

diseases and other 

diseases. 

1997-

2003 

Cases: 1251 cases 

Controls: 2438 

controls 

Malignant 

brain 

tumors 

incidence 

Written 

questionnaire

+ 

supplementar

y telephone 

interviews for 

certain 

cases/controls 

(proxy for 

dead 

cases/controls

). Data on 

type of 

phone, years 

of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

cumulative 

use in hours. 

Yes Risk of astrocytoma 

higher among highest 

latency group among 

mobile and cordless 

phone users. Low to 

medium strength study 

– large sample, 

accounting for 

induction period/dose, 

and control for 

confounding. Recall 

and sampling bias are 

possible. Strength of 

study significantly 

hindered by pooling of 

prospective and 

retrospective (deaths) 

case-control studies. 

Use of dead cases and 

controls is a noted 

methodological issue in 

epi – controlling for 

confounders is more 

difficult 

(alcohol/tobacco 

specifically for cancer). 

Study of dead 

cases/controls also had 

had exposure 

assessment via proxy. 

Results may not be 

generalizable outside 

of these Swedish 

regions 

(includingespec ally to 

US). 

 

(Astrocytoma glioma 

>10 year latency) 

(mobile phone: 170% 

odds increase [95% CI: 
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90%-270% increase]; 

cordless: 80% odds 

increase [95% CI: 20%-

190%]) 

Case-Control Study 

on Cellular and 

Cordless 

Telephones and 

the Risk for 

Acoustic Neuroma 

or Meningioma in 

Patients 

Diagnosed 2000–

2003 (2005) 

Hardell 

et alet 

al. 

NGO and 

private 

Population

-based 

case-

control 

All alive 20-80 

year-olds 

diagnosed with 

acoustic neuroma 

or meningioma in 

2 regions of 

Sweden 2000-

2003. Frequency 

(Age-, sex-, and 

region-)matched 

controls from 

national registry. 

2000-

2003 

Cases: 413 cases 

Controls: 692 

controls 

Acoustic 

neuroma 

and 

meningio

ma 

incidence 

Written 

questionnaire

+ 

supplementar

y telephone 

interviews for 

certain 

cases/controls

. Data on type 

of phone, 

years of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

cumulative 

use in hours. 

Yes Increased risk of both 

acoustic neuroma and 

meningioma from 

analog, digital, and 

cordless phones with 

increased risk from 

longer latency in 

acoustic neuroma. 

Medium strength study 

– medium sample size, 

effective exposure 

assessment, and 

accounting for 

induction period/dose. 

Suffers from same 

biases such asas other 

Ha dell stud es: recall, 

interviewer, and 

sampling b as. Results 

may not be 

generalizable outside 

of these Swedish 

regions 

(includingespec ally to 

US). 

 

(Meningioma-analog 

10 year latency: 110% 

increased odds [95% 

CI: 10%-330%]) 

 

(Acoustic neuroma-

analog: 320% 

increased odds [95% 

CI: 80%-900%]; >15 

year latency: 740% 

increased odds [95% 

CI: 60%-4400%; 

acoustic neuroma-

digital: 100% odds 

increase [95% CI: 5%-

280%]) 
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Case–control study 

of the association 

between the use 

of cellular and 

cordless 

telephones and 

malignant brain 

tumors diagnosed 

during 2000–2003 

(2006) 

Hardell 

et alet 

al. 

NGO and 

private 

Population

-based 

case-

control 

All alive 20-80 

year-olds 

diagnosed with 

malignant brain 

tumors in 2 

regions of Sweden 

2000-2003. 

Frequency (Age-) 

matched controls 

from national 

registry. 

2000-

2003 

Cases: 317 cases 

Controls: 692 

controls 

Malignant 

brain 

tumor 

incidence 

Written 

questionnaire

+ 

supplementar

y telephone 

interviews for 

certain 

cases/controls

. Data on type 

of phone, 

years of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

cumulative 

use in hours. 

Yes Analog, digital, and 

cordless phones all 

increased risk of 

malignant brain cancer, 

with higher risk with 

longer latency period. 

Medium strength study 

– medium sized 

sample, effective 

exposure assessment, 

and characterization of 

induction period/dose. 

Suffers from several 

ame b biases as other 

Hardell stud es: recall, 

interviewer, and 

sampling bias. Results 

may not be 

generalizable outside 

of these Swedish 

regions (including 

USespec ally to US). 

 

(Analog: 160% 

increased odds [95% 

CI: 50%-330%]; Analog 

>10 yr latency: 250% 

increased odds [95% 

CI: 100%-540%]; 

Digital: 90% increased 

odds [95% CI: 30%-

170%]; Digital >10 yr 

latency: 260% 

increased odds [95% 

CI: 70%-650%]; 

Cordless: 110% 

increased odds [95% 

CI: 40%-200%]; 

Cordless >10 yr 

latency: 190% 

increased odds [95% 

CI: 60%-420%])) 

Mobile Phone Use 

and the Risk for 

Malignant Brain 

Tumors: A Case-

Hardell 

et alet 

al. 

NGO and 

private 

Population

-based 

case 

control 

All dead 20-80 

year-olds 

diagnosed with 

brain tumors in 4 

1997-

2003 

Cases: 346 (75%) 

cases 

Controls: 343 

cancer controls 

Malignant 

brain 

tumor 

incidence 

Written 

questionnaire

+ 

supplementar

Yes Longest latency period 

and highest use 

categories were 

associated with 
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Control Study on 

Deceased Cases 

and Controls 

(2010) 

regions of Sweden 

2000-2003. 

Frequency (Age-, 

region-, year of 

death-, sex-) 

matched controls 

from national 

death registry. 

Dead controls 

from those that 

had died of 

malignant diseases 

and other 

diseases. 

and 276 controls 

with other 

diseases 

y telephone 

interviews for 

certain 

cases/controls

. Data on type 

of phone, 

years of use, 

make/model, 

mean 

number/ 

length of daily 

calls, 

cumulative 

use in hours. 

increased risk of 

malignant brain cancer. 

Low to medium 

strength study. Recall, 

interviewer, and 

sampling bias are 

possible. Strength of 

study significantly 

hindered by 

retrospective case-

control design. Use of 

dead cases and 

controls is a noted 

methodological issue in 

epi – controlling for 

confounders is more 

difficult 

(alcohol/tobacco 

specifically for cancer). 

Study of dead 

cases/controls also had 

had exposure 

assessment via proxy. 

Results may not be 

generalizable outside 

of these Swedish 

regions (including 

USespec ally to US). 

 

(Mobile phone use >10 

year latency: 140% 

odds increase [95% CI: 

40%-310%]; mobile 

phone use >2000hrs: 

240% odds increase 

[95% CI: 60%-610%]) 

Mobile phone use 

and location of 

glioma: A case–

case analysis 

(2009) 

Hartikka 

et alet 

al. 

Governme

nt, NGO, 

and 

private 

Case-case 

analysis 

20-60 year-olds 

diagnosed with 

glioma from 

neurosurgery 

clinics of Helsinki 

and Tampere 

university 

hospitals in 

2000-

2002 

99 cases of glioma Glioma 

incidence 

Face-to-face 

interviews 

with 

calculation of 

distance from 

tumor and 

cell phone 

location. Data 

on start and 

end of use, 

Yes Only significant odds 

ratios found for 

contralateral use. Low 

strength study – No 

controls and low 

sample size but more 

extensive exposure 

assessment than other 

studies and confounder 

control. Selection bias 
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Finland between 

November 2000 

and October 2002. 

The study sample 

represents a 

subset of the 

Finnish 

Interphone study. 

average 

amount of 

phone use, 

cumulative 

call time, side 

of head 

phone I used. 

seems likely – authors 

note 31 cases originally 

selected for study were 

not included in final 

analysis due to poor 

health; was already low 

sample size. Recall and 

interviewer bias are 

also possible. Include 

study in review but 

note caveats. 

 

(Adjusted 

Contralateral vs. 

never/non-regular: 

393% odds increase 

[95% CI: 13%-2000%]) 

Mobile phone use 

and risk of glioma 

in adults: case-

control study 

(2006) 

Hepwort

h et alet 

al. 

Governme

nt and 

private 

Population

-based 

Case-

control 

Cases aged 18 to 

69 years 

diagnosed with a 

glioma from 1 

December 2000 to 

29 February 2004 

from 5 areas in the 

UK. Frequency 

(age, sex, 

geography) 

controls from 

general 

practitioner 

database via 

random algorithm. 

2000-

2004 

Cases: 966 cases 

Controls: 1716 

controls 

Glioma 

incidence 

Computer-

assisted face-

to-face 

interviews. 

Data on 

network 

operator, 

start and stop 

year, and the 

number and 

duration of 

calls made 

and received. 

No No increased risk of 

glioma in 

short/medium term 

exposure. Medium to 

strong study – large 

sample size, effective 

exposure assessment. 

Likely sampling bias 

due to control 

ascertainment from 

general practice list – 

not representative of 

total population in UK 

regions. Interviewer 

and recall bias -  69 

glioma cases were 

deceased so proxy 

interviews were done. 

Cellular-Telephone 

Use and Brain 

Tumors (2001) 

Inskip et 

alet al. 

No funding Case-

control 

Those 18 years 

and older with 

glioma, 

meningioma, or 

acoustic neuroma 

at 4 hospitals in 

Phoenix, Boston, 

and Pittsburgh 

between 1994 and 

1998, could 

understand 

1994-

1998 

Cases: 782 cases 

Controls: 799 

controls 

Glioma, 

meningio

ma, and 

acoustic 

neuroma 

Computer-

assisted face-

to-face 

interviews. 

Data on 

regular use, 

years of 

regular use, 

make/model, 

duration and 

No No association 

between mobile phone 

use and brain cancer. 

Medium strength study 

– medium to large 

sample size, effective 

exposure assessment, 

and confounder 

control. Possible 

interviewer bias due to 

non-blinding. Some 
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English/Spanish, 

and resided within 

50 miles of 

hospital. Age-, sex-

, race-, and 

proximity-

matched 

(frequency vs 

individual not 

listed) controls 

were patients who 

were admitted to 

the same hospitals 

for a variety of 

nonmalignant 

conditions 

number of 

calls. 

cases were deceased – 

proxy interviews were 

conducted, introducing 

recall bias. 

Cellular 

Telephones and 

Cancer—a 

Nationwide Cohort 

Study in Denmark 

(2001) 

Johansen 

et alet 

al. 

NGO and 

private 

Retrospect

ive cohort 

All cellular 

telephone 

subscribers in 

Denmark 1982-

1995 

1982-

1996 

522,914 

noncorporate 

subscribers were 

linked to the files 

of the Central 

Population 

Register 

Incidence 

of all 

cancers 

available 

in Danish 

Cancer 

Registry 

Basic – simply 

duration of 

cell phone 

subscription. 

No No association 

between length of cell 

phone use and any 

cancers. Medium 

strength study – very 

large cohort design, 

long enough follow-up 

for most cancers, recall 

and observational bias 

highly unlikely, and all 

cancers included as 

endpoints, but poor 

exposure assessment 

and exposure 

classification (how can 

we be sure the 

subscriber is the one 

using the phone?). 

Association 

between number 

of cell phone 

contracts and 

brain tumor 

incidence in 

nineteen U.S. 

States (2011) 

Lehrer et 

alet al. 

No funding Ecological Brain tumor 

incidence 2000–

2004 and 

population 

from 19 U.S. 

states: Az, Co, Ct, 

De, Id, Ma, Me, 

Mn, Mt, NC, ND, 

NM, NY, RI, SD, Tx, 

Ut, Va, WV and 

2007 Cell phone 

subscriber data 

2000-

2004, 

2007 

No listing of 

sample size – just 

incidence rates 

Brain 

tumor 

incidence 

Basic – 

number of cell 

phone 

subscribers by 

state 

Yes Significant correlation 

between number of cell 

phone subscriptions 

and brain tumors in 

nineteen US states 

(r = 0.950, P<0.001). 

Very poor study – 

confounder control is 

one redeeming quality. 

Exposure assessment 

ineffective, suffers 

from ecological fallacy, 
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from the 

Governing State 

and Local 

Sourcebook 

cell phone subscriber 

data years do not 

match with brain tumor 

incidence years, only 

used data from 19 

states. 

Mobile Phone Use 

and the Risk of 

Acoustic Neuroma 

(2004) 

Lonn et 

alet al. 

Governme

nt and 

private 

Population

-based 

case 

control 

All persons age 20 

to 69 years who 

were residents 

of 3 geographical 

areas covered by 

the regional 

Cancer 

Registries in 

Stockholm, 

Goteborg, and 

Lund. Frequency 

(age, sex, region) 

matched controls 

from regional 

population 

registries 

1992-

2002 

Cases: 148 cases 

Controls: 604 

controls 

Acoustic 

neuroma 

incidence 

Computer-

assisted in per 

son interview. 

Data on 

regular users, 

date started/ 

stopped 

using, 

operator, 

number and 

duration of 

calls. 

No No increase in short-

term risk but Increased 

risk of acoustic 

neuroma associated 

with mobile phone use 

of at least 10 years’ 

duration (non-

significant). Low to 

medium strength study 

– low sample size, but 

effective exposure 

assessment and 

confounder control. 

Sampling bias (pop-

based case-control 

design), recall bias, 

selection bias (low 

participation rate 

among controls), and 

interviewer bias are 

possible. Two cases had 

exposures filled out via 

proxy. Results may not 

be generalizable 

outside of these 

Swedish regions 

(including USespec ally 

to US). 

Long-Term Mobile 

Phone Use and 

Brain Tumor Risk 

(2005) 

Lonn et 

alet al. 

Governme

nt and 

private 

Population

-based 

case-

control 

All glioma/ 

meningioma cases 

aged 20–69 years 

in the geographic 

areas covered by 

the regional 

cancer registries in 

Umea, Stockholm, 

Goteborg, and 

Lund, Sweden 

from 2000-2002. 

Non-matched 

2000-

2002 

Cases: 371 glioma, 

273 meningioma 

Controls: 674 

controls 

Glioma, 

meningio

ma 

incidence 

Face-to-face 

interviews. 

Data on 

regular use, 

cumulative 

phone use, 

number of 

calls, years of 

regular use. 

No No association for any 

amount of phone use 

or length of use. Low to 

medium strength study 

– medium sample size, 

effective exposure 

assessment, and 

confounder control. 

Recall bias, sampling 

bias (pop-based case-

control design), no 

accounting for 
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controls from 

population 

registry 

induction period, 

interviewer bias (non-

blinded), non-matched 

controls and selection 

bias (lower 

participation rate 

among controls). 

Results may not be 

generalizable outside 

of these Swedish 

regions (including 

USespec ally to US). 

Adult and 

childhood 

leukemia near a 

high-power radio 

station in Rome, 

Italy (2002) 

Micheloz

zi et alet 

al. 

No funding Incidence 

study 

All those in Rome, 

Italy living within 

10km of the 

Vatican Radio 

station, with 5 

distance bands for 

comparison 

1987-

1998 

(adults) 

1987-

1999 

(children) 

Total: 49,656 

residents in study 

area. 40 cases of 

adult leukemia and 

8 cases of 

childhood 

leukemia 

Leukemia 

incidence 

and 

mortality 

No exposure 

assessment, 

but radio 

station emits 

527 KHz-

21,850 KHz 

frequency 

Yes Risk of childhood 

leukemia was higher 

than expected for the 

distance up to 6 km 

from the radio station 

and there was a 

significant decline in 

risk with increasing 

distance both for male 

mortality (p = 0.03) and 

for childhood leukemia. 

Low strength study – 

large sample size, but 

no exposure 

assessment, no analysis 

comparison groups, 

and no control for 

confounders, low 

number of cases, and 

low statistical power. 

 

(up to 6Km from 

station for children: 

SIR of 2.2 [95% CI: 1.0-

4.1] 

Handheld cellular 

telephones and 

risk of acoustic 

neuroma (2002) 

Muscat 

et alet 

al. 

Governme

nt and 

private 

Case-

control 

Cases were 18 

years of age or 

older with 

histologically 

confirmed 

acoustic neuroma 

at New York 

University Medical 

Center and New 

1997-

1999 

Cases: 90 patients 

Controls: 86 

controls 

Acoustic 

neuroma 

incidence 

In-person 

questionnaire

. Data on the 

number of 

years of use, 

minutes/ 

hours used 

per month, 

year of first 

No No association 

between cell phones 

and acoustic neuroma. 

Low strength – 

confounder control and 

effective exposure 

assessment, but low 

sample size, 

interviewer bias (non-
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York Presbyterian 

Medical Center 

1997-1999. 86 

frequency (age-, 

sex-, race-, and 

hospital-) matched 

in-patient controls 

with a variety of 

nonmalignant 

conditions 

use, 

manufacturer, 

and average 

monthly bill. 

blinded interviews), no 

accounting for 

induction period, and 

recall bias. Results may 

not be generalizable 

because controls were 

hospitalized patients. 

Handheld Cellular 

Telephone Use 

and Risk of Brain 

Cancer (2000) 

Muscat 

et alet 

al. 

Governme

nt and 

private 

Case-

control 

All 18-80 year olds 

in 5 US medical 

institutions (NYC, 

Providence, 

Boston) with 

primary brain 

cancer. Frequency 

(age-, sex-,race-, 

month of 

admission-) 

matched controls 

of non-malignant 

in-patients (3 

centers) and non-

brain cancer 

malignancies [not 

leukemia or 

lymphoma (2 

centers) 

1994-

1998 

Cases: 469 brain 

cancer patients 

Controls: 422 

controls 

Brain 

cancer 

incidence 

In-person 

questionnaire

. Data on the 

number of 

years of use, 

minutes/ 

hours used 

per month, 

year of first 

use, 

manufacturer, 

and average 

monthly bill.  

No No association 

between cell phones 

and brain cancer. 

Medium strength study 

– confounder control, 

effective exposure 

assessment, and 

medium sample size. 

Interviewer bias, no 

accounting for 

induction period, recall 

bias, and selection bias 

(both use of controls 

with other cancers and 

higher participation 

rate among controls 

than cases). Results 

may not be 

generalizable because 

controls were 

hospitalized patients. 

Cellular phone use 

and risk of benign 

and malignant 

parotid gland 

tumors--a 

nationwide case-

control study 

(2008) 

Sadetzki 

et alet 

al. 

Governme

nt, private, 

and NGO 

Population

-based 

case 

control 

All those 18 years 

and older in Israel 

with parotid gland 

tumors 2001-

2003. Individual 

(gender-, 

interview date-, 

age-, continent of 

birth-) matched 

via algorithm from 

national 

population 

registry 

2001-

2003 

Cases: 402 benign 

and 58 malignant 

incident cases of 

parotid gland 

tumors. 

Controls: 1266 

controls 

Parotid 

tumor 

incidence 

In-person 

interview. 

Data on 

‘‘regular 

users’’, 

make/model, 

dates of 

starting and 

stopping use, 

number of 

calls made or 

received, 

average 

duration of 

Yes Elevated risk of parotid 

gland tumors for 

highest call time and 

number of calls and 

finding of dose-

response relationship. 

Medium strength study 

– large sample size, 

confounder control, 

and effective exposure 

assessment. Recall bias, 

sampling bias (pop-

based case control 

design), interviewer 

bias, no accounting for 








































































































