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                    Background:   The widespread use of cellular telephones has 
heightened concerns about possible adverse health effects. 
The objective of this study was to investigate cancer risk 
among Danish cellular telephone users who were followed for 
up to 21 years.   Methods:   This study is an extended follow-up 
of a large nationwide cohort of 420   095 persons whose fi rst 
cellular telephone subscription was between 1982 and 1995 
and who were followed through 2002 for cancer incidence. 
Standardized incidence ratios (SIRs) were calculated by 
dividing the number of observed cancer cases in the cohort 
by the number expected in the Danish population.   Results:   
A total of 14   249 cancers were observed (SIR = 0.95; 95% 
confi dence interval [CI] = 0.93 to 0.97) for men and women 
combined. Cellular telephone use was not associated with 
increased risk for brain tumors (SIR = 0.97), acoustic neuro-
mas (SIR = 0.73), salivary gland tumors (SIR = 0.77), eye 
tumors (SIR = 0.96), or leukemias (SIR = 1.00). Among 
long-term subscribers of 10 years or more, cellular tele-
phone use was not associated with increased risk for brain 
tumors (SIR = 0.66, 95% CI = 0.44 to 0.95), and there was 
no trend with time since fi rst subscription. The risk for 
smoking-related cancers was decreased among men (SIR = 
0.88, 95% CI = 0.86 to 0.91) but increased among women 
(SIR = 1.11, 95% CI = 1.02 to 1.21). Additional data on 
income and smoking prevalence, primarily among men, 
indicated that cellular telephone users who started subscrip-
tions in the mid-1980s appeared to have a higher income 
and to smoke less than the general population.   Conclusions:   
We found no evidence for an association between tumor risk 
and cellular telephone use among either short-term or long-
term users. Moreover, the narrow confi dence intervals pro-
vide evidence that any large association of risk of cancer 
and cellular telephone use can be excluded.   [J Natl Cancer 
Inst 2006;98: 1707  –  13 ]    

  Worldwide use of cellular telephones has raised concerns 
about possible adverse health effects  ( 1 ) . During operation, the 
antenna of a cellular telephone emits radio frequency electro-
magnetic fi elds that can penetrate 4 – 6 cm into the human brain 
 ( 2 , 3 ) . In view of the localized nature of exposure during cellular 
telephone use, research has focused on tumors of the head and 
neck, particularly brain tumors  ( 4  –  20 ) , salivary gland tumors 
 ( 8 , 11 , 21 ) , and uveal melanomas  ( 8 , 22 , 23 ) . To date, the overall 
epidemiologic evidence suggests no increased risk for any tumor 
among cellular telephone users with less than approximately 10 
years of use. Most studies have not found a statistically signifi -
cant overall association with the risk of brain tumors for use of 10 
or more years  ( 12  –  15 , 18  –  21 ) , except for two  ( 16 , 17 ) , for which 
methodologic issues have been raised  ( 24 ) . Because cellular tele-
phones were introduced relatively recently, most studies have 
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comparatively few subjects who have used cellular telephones 
for 10 or more years. 

 In 2001, we reported the results of a nationwide cohort study 
on cancer risk among 420   095 cellular telephone subscribers in 
Denmark  ( 8 ) . We did not observe an increased risk for any spe-
cifi c cancer type, including brain tumors, salivary gland tumors, 
leukemia, and uveal melanoma. Although the cohort included 
persons whose subscriptions had started between 1982 and 1995, 
most cohort members had used cellular telephones for only a few 
years. In this study, we present a follow-up of the cohort through 
2002, with a maximum time for cellular telephone use of 21 years 
and a mean time of 8.5 years, enabling us to investigate further the 
cancer risk among long-term subscribers. We also present data on 
the average income of cellular telephone subscribers to examine 
in more detail the possible relationships between income, cellular 
phone ownership, and risk for cancer. In addition, we comment on 
the quality and usefulness of subscriber lists to estimate cellular 
telephone usage by comparing these data with self-reported data 
obtained from a structured survey questionnaire. 

  S UBJECTS AND  M ETHODS  

  Study Population 

 The composition of the cohort has been reported previously 
 ( 8 ) . In brief, we received records of all 723   421 cellular telephone 
subscriptions in Denmark during the period 1982 – 1995. From 
these, 200   507 corporate subscriptions were deleted because the 
individual users could not be identifi ed. A further 102   819 records 
were excluded because of duplicate addresses (one of them re-
moved), errors in name or address, or a nonresidential address or 
because the subscriber was under 18 years of age at fi rst sub-
scription, the subscriber was a permanent resident of Greenland 
or the Faroe Islands, or the subscriber asked to be excluded from 
the study (n = 53). The fi nal study cohort included 420   095 
private cellular telephone subscribers. 

 Through record linkage of cohort members by name and ad-
dress with the Central Population Register, personal identifi ca-
tion numbers were obtained, with data on vital status, date of 
death, or date of emigration. Using the personal identifi cation 
number, cohort members were linked to the fi les of the Danish 
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Cancer Registry to ascertain incident cases of cancer. The Cancer 
Registry, which began reporting incidence on a nationwide scale 
in 1943, is virtually complete  ( 25 )  and includes benign brain tu-
mors. Cohort members with a history of previous cancers, except 
nonmelanoma skin cancer, before their fi rst cellular telephone 
subscription were excluded. Follow-up began on the date of fi rst 
subscription and ended on the date of fi rst cancer diagnosis (ex-
cept for nonmelanoma skin cancer), date of death, date of emi-
gration, or December 31, 2002, whichever came fi rst. Cancers 
were classifi ed according to a modifi ed Danish version of the 
International Classifi cation of Diseases, 7th Revision  ( 26 ) , and 
since 1978 according to the International Classifi cation of Dis-
eases for Oncology  ( 27 ) . Smoking-related cancers were classi-
fi ed according to the system of Olsen et al.  ( 28 ) . 

 The study was approved by the Danish Ethical Committee Sys-
tem (KF 01-075/96), the Danish Data Protection Board (1996-
1200-121), and the Danish Ministry of Justice (Jnr. 1996-760-0219). 
The study was entirely based on record linkage, and no one was 
aware whether he or she was included. After the study became 
public through the media, the network providers published in their 
quarterly reports a notice that subscribers could contact them if 
they wished to be excluded from the study. A total of 53 persons 
(see above) contacted the network providers in this regard.  

  Statistical Analysis 

 The numbers of cancers observed were compared with those 
expected, which were calculated by multiplying the number of 
person-years of cohort members by the overall and site-specifi c 
incidence rates of primary cancer (fi rst cancer diagnosis) among 
men and women in the general population of Denmark  ( 29 ) , in 
5-year age groups and calendar periods of observation. To ex-
clude cohort members from the reference population, the number 
of cancer case patients and person-years observed in the cohort 
were subtracted from the corresponding fi gures for the total Danish 
population and a new set of incidence rates created. Standardized 
incidence ratios (SIRs) for cancer and 95% confi dence intervals 
(CIs) were calculated on the assumption of a Poisson distribu-
tion of the observed cancers  ( 30 ) . Standardized incidence ratios 
for brain tumors were also calculated by morphology and ana-
tomic site, and standardized incidence ratios for brain tumor and 
leukemia were calculated by time since fi rst subscription.  P  trend  
(two-sided) values in the analysis by time since fi rst subscription 
were calculated using the Poisson trend statistic.  P  trend <.05 was 
considered statistically signifi cant. 

 To compare the average annual incomes of cellular telephone 
subscribers and the general population, data on annual income 
stratifi ed by 5-year age group and sex were retrieved from Statis-
tics Denmark for 1985 – 1995. Differences in income distributions 
were analyzed by plotting average income by age for cellular 
telephone subscribers and for the total Danish population. To in-
vestigate whether these differences changed over time, we chose 
to present data for the fi rst and last years they were available, 
i.e., 1985 and 1995. 

 We also had access to self-reported use of cellular telephones 
by Danish participants in a recent population-based case – control 
study of the causes of brain tumors (Interphone study)  ( 14 ) . Dur-
ing a personal interview, persons participating in the Interphone 
study were asked how long they had been regular cellular tele-
phone users, which was defi ned as making or receiving at least 
one call per week over a period of 6 months or more  ( 31 ) . On this 

basis, we classifi ed all 822 Danish Interphone control subjects as 
either regular cellular telephone users in 1982 – 1995 or not. We 
then linked this group with our cohort by personal identifi cation 
numbers and evaluated how many subscribers compared with 
nonsubscribers reported that they were regular cellular telephone 
users. We also performed sensitivity analyses to estimate the ef-
fect of attenuation of relative risk estimates resulting from mis-
classifi cation of exposure.   

  R ESULTS  

 Of the 420   095 cellular telephone subscribers in the cohort, 
357   553 were male and 62   542 were female. The mean time since 
fi rst cellular telephone subscription was 8.5 years, and the me-
dian was 8.0 years. Among the male subscribers, 304   349 (85.1%) 
had their subscription for less than 10 years, 42   549 (11.9%) for 
10 – 14 years, and 10   655 (3.0%) for 15 – 21 years (maximum). 
Among the female subscribers, the corresponding values were 
59   098 (94.5%), 3   131 (5.0%), and 313 (0.5%), respectively. 

 A total of 14   249 cases of cancer were observed in the cohort 
of private cellular telephone subscribers, whereas 15   001 cases 
were expected (overall SIR = 0.95, 95% CI = 0.93 to 0.97; for 
men, overall SIR = 0.93, 95% CI = 0.92 to 0.95; for women, 
overall SIR = 1.03, 95% CI = 0.99 to 1.07) ( Table 1 ). Cellular 
telephone use was not associated with increased risks for tumors 
of the brain and nervous system (SIR = 0.97), salivary gland 
tumors (SIR = 0.77), eye tumors (SIR = 0.96), or leukemia 
(SIR = 1.00). Among men, the overall decrease in risk for cancer 
was attributable mainly to a decreased risk for smoking-related 
cancers (SIR = 0.88, 95% CI = 0.86 to 0.91); however, statisti-
cally signifi cant decreased risks for individual cancers of the 
lung, buccal cavity, pharynx, esophagus, liver, and pancreas 
were also found. Among women also, the overall risk for cancer 
was not associated with cellular telephone use, but increased 
risks for smoking-related cancers (SIR = 1.11, 95% CI = 1.02 to 
1.21) and cancers of the uterine cervix (SIR = 1.30, 95% 
CI = 1.08 to 1.54) and kidney (SIR = 1.42, 95% CI = 1.02 to 
1.92) ( Table 1 ) were found.     

 In addition to combining all brain tumors in one group, we 
examined the relative risk by brain tumor subtypes ( Table 2 ). 
Analyses by morphologic subtype of intracranial central nervous 
system tumors found no statistically signifi cant increased risk of 
glioma (SIR = 1.01, 95% CI = 0.89 to 1.14), meningioma (SIR = 
0.86, 95% CI = 0.67 to 1.09), and cranial nerve sheath tumors, 
including acoustic neuroma (SIR = 0.73, 95% CI = 0.50 to 1.03). 
Except for one case of unspecifi ed morphology, all 31 cranial 
nerve sheath tumors were histologically confi rmed as acoustic 
neuromas. Acoustic neuromas occur in the temporal lobe. When 
we combined data for gliomas and acoustic neuromas occurring 
in the temporal lobe, the risk for these cancers was not associated 
with cellular telephone use (85 observed versus  ~ 88 expected). 
Further subdivision of gliomas by anatomic site showed a small 
statistically nonsignifi cant elevated risk (SIR = 1.21) of cancers 
of the temporal lobes and a statistically signifi cant decreased 
risk (SIR = 0.58) of cancers of the parietal lobes. The risk for 
gliomas occurring in the temporal and parietal lobes, which are 
 anatomically closest to the antenna during use of cellular tele-
phones, was not associated with cellular telephone use (SIR = 
0.93, 95% CI = 0.73 to 1.17).     

 Because risks may become apparent only after a longer la-
tency period, we calculated the relative risks for brain tumors and 
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leukemias by time since fi rst subscription ( Table 3 ). The risk for 
brain and nervous system tumors was not associated with cellular 
telephone use among persons followed for less than 10 years 
since fi rst exposure. For the 56   648 longer term subscribers ac-
cumulating 169   595 person-years at risk at 10 or more years after 
fi rst exposure, the analysis was based on 28 observed cases and 
42.5 expected (SIR = 0.66, 95% CI = 0.44 to 0.95). The risk of 
leukemias was also not associated with use, even among those 
who were followed for 10 or more years after fi rst subscription to 
a cellular telephone service (SIR = 1.08, 95% CI = 0.74 to 1.52) 
( Table 3 ).     

 To examine whether our cohort differed from the general pop-
ulation with regard to socioeconomic status, we compared their 

average annual incomes ( Fig. 1 ). The average annual income of 
private cellular telephone subscribers was higher than that of the 
general population, regardless of age and sex (data not shown for 
women). The income difference was more pronounced in 1985 
than in 1995.     

 To obtain insight into the potential of exposure misclassifi ca-
tion, we compared our cohort data with data from another Danish 
study in which cellular telephone usage was assessed during a 
personal interview. Using record linkage between the 420   095 
subscribers in the current study and the roster of 822 control sub-
jects in our recent case – control studies of acoustic neuroma and 
brain tumor [Interphone  ( 12 , 14 ) ] who completed a questionnaire 
with a full history of cellular telephone use, we identifi ed 85 

  Table 2.       Standardized incidence ratios (SIRs) and 95% confi dence intervals (CIs) for intracranial central nervous system tumors categorized according to 
ICD-O morphology and topography codes among 420   095 cellular telephone subscribers in Denmark, 1982 – 1995, followed up through December 31, 2002 
(men and women combined) *   

Tumor category Topography code Obs Exp SIR (95% CI)

Glioma  †  191.0 – 191.9 257 253.9 1.01 (0.89 to 1.14)
    Cerebrum 191.0 58 62.6 0.93 (0.70 to 1.20)
    Frontal lobe 191.1 64 59.7 1.07 (0.83 to 1.37)
    Temporal lobe 191.2 54 44.5 1.21 (0.91 to 1.58)
    Parietal lobe 191.3 21 35.9 0.58 (0.36 to 0.89)
    Occipital lobe 191.4 12 10.5 1.14 (0.59 to 2.00)
    Cerebellum 191.6 5 5.4 0.93 (0.30 to 2.16)
    Other and unspecifi ed 191.5, 191.7, 191.8, 191.9 43 35.4 1.21 (0.88 to 1.64)
Meningioma  ‡  
    Meninges 192.1 68 79.0 0.86 (0.67 to 1.09)
Nerve sheath tumors § 
    Cranial nerves 192.0 32 43.7 0.73 (0.50 to 1.03)
Other and unspecifi ed  ||  191.0 – 191.9, 192.0, 192.1, 194.4 100 103.4 0.97 (0.79 to 1.18)

  *  Obs = observed; Exp = expected.  
   †   International Classifi cation of Diseases for Oncology (ICD – O) morphology codes 93803 – 94813.  
   ‡   ICD-O morphology codes 95300 – 95393.  
  §  ICD-O morphology codes 95400 – 95700 (includes 31 acoustic neuromas that all occur in temporal lobe).  
   ||   Other morphologies at 191.0 – 191.9, 192.0, 192.1, and 194.4.  

  Table 1.       Standardized incidence ratios (SIRs) and 95% confi dence intervals (CIs) for selected types of cancer among 420   095 cellular telephone subscribers in 
Denmark, 1982 – 1995, followed up through December 31, 2002 *   

  Men   Women

Site of cancer (ICD-7) Obs Exp SIR (95% CI) Obs Exp SIR (95% CI)

All cancers (140 – 205) 11   802 12   627.0 0.93 (0.92 to 0.95) 2447 2373.7 1.03 (0.99 to 1.07)
    Brain, nervous system (193) 491 512.9 0.96 (0.87 to 1.05) 89 86.8 1.03 (0.82 to 1.26)
    Salivary glands (142) 26 30.2 0.86 (0.56 to 1.26) 0 3.6 0.00 (0.00 to 1.02)
    Eye (192) 38 40.5 0.94 (0.66 to 1.29) 6 5.5 1.10 (0.40 to 2.39)
    Leukemia (204) 318 317.3 1.00 (0.90 to 1.12) 33 34.0 0.97 (0.67 to 1.36)
All smoking-related sites 3758 4250.7 0.88 (0.86 to 0.91) 511 460.3 1.11 (1.02 to 1.21)
    Lung (162.0, 162.1) 1379 1674.5 0.82 (0.78 to 0.87) 209 193.0 1.08 (0.94 to 1.24)
    Larynx (161) 187 212.3 0.88 (0.76 to 1.02) 8 7.1 1.13 (0.49 to 2.22)
    Bladder (181) 919 879.3 1.05 (0.98 to 1.11) 51 44.4 1.15 (0.86 to 1.51)
    Buccal cavity/pharynx (145 – 148) 132 208.6 0.63 (0.53 to 0.75) 11 10.5 1.05 (0.52 to 1.87)
    Esophagus (150) 190 229.3 0.83 (0.71 to 0.96) 8 10.9 0.73 (0.32 to 1.45)
    Liver (155.0) 98 122.7 0.80 (0.65 to 0.97) 4 9.4 0.43 (0.11 to 1.09)
    Cervix uteri (171)  – 129 99.4 1.30 (1.08 to 1.54)
    Stomach (151) 247 271.4 0.91 (0.80 to 1.03) 14 19.9 0.70 (0.38 to 1.18)
    Kidney (180) 366 372.3 0.98 (0.88 to 1.09) 42 29.6 1.42 (1.02 to 1.92)
    Pancreas (157) 240 280.3 0.86 (0.75 to 0.97) 35 36.1 0.97 (0.68 to 1.35)
Other sites
    Breast (170) 22 20.0 1.10 (0.69 to 1.67) 711 682.4 1.04 (0.97 to 1.12)
    Prostate (177) 1001 967.9 1.03 (0.97 to 1.10)  – 
    Testis (178) 522 495.9 1.05 (0.96 to 1.15)  – 
    Other cancers 5381 5670.2 0.95 (0.92 to 0.97) 1055 1054.3 1.00 (0.92 to 1.09)
    Unspecifi ed cancers (198, 199) 245 321.4 0.76 (0.67 to 0.86) 42 46.8 0.90 (0.64 to 1.21)

  *  ICD-7 = International Classifi cation of Diseases, 7th Revision (26); Obs = observed; Exp = expected;  –  = not applicable.  
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overlapping subjects. Regular telephone use was reported by 
61% of the 85 subscribers in the cohort. Among the 737 control 
subjects who did not match the subscriber lists, 16% reported be-
ing regular cellular telephone users. Hence, members of our co-
hort were approximately four times more likely than the Danish 
population to report regular cellular telephone use before 1996. 

 To estimate the effect of attenuation of relative risk estimates 
resulting from misclassifi cation of exposure, we performed sen-
sitivity analyses by assuming that 61% of the subscribers and 
16% of the nonsubscribers were actually regular cellular tele-
phone users before 1996. Such misclassifi cation would lead to an 
attenuated estimate of 1.2 when the actual relative risk is 1.5 and 
to an attenuated relative risk of 1.09 when the actual relative risk 
is 1.2. Because the percentage of regular cellular telephone users 
in the subscriber cohort is so much larger than the percentage in 
the rest of the Danish population, however, misclassifi cation 
would not be expected to produce relative risk estimates that are 

less than 1.0 if there is, in fact, an increased risk among cellular 
telephone users.  

  D ISCUSSION  

 After extending the follow-up of a large, nationwide cohort of 
420   095 cellular telephone subscribers, we found no increased 
risk for brain tumors, acoustic neuromas, salivary gland tumors, 
eye tumors, leukemias, or cancer overall associated with cellular 
telephone use. We also found no increased risk for all major his-
tologic subtypes of brain tumors and for tumors in the most ex-
posed regions of the brain  ( 2 ) . In the fi rst follow-up, which ended 
in December 1996, we also observed no increased risk for these 
cancer types. However, the average follow-up period was 3.1 
years compared with 8.5 years in the current study, and, for ex-
ample, the number of observed brain tumor cases was 154 com-
pared with 580 cases in the current study  ( 8 ) . In the current study, 
the maximum follow-up period was extended up to 21 years after 
fi rst cellular telephone subscription, which allowed us to inves-
tigate brain tumor risk in subjects having a subscription for 
10 years or more, and the number of brain tumors among such 
subscribers was lower than expected on the basis of the incidence 
rates in the general population. 

 Several other studies, all case – control in design, have reported 
risk estimates for long-term users of cellular telephones  ( 14  –
  17 , 19 , 20 ) . No statistically signifi cant elevation in overall brain 
tumor risk has been found, except in one Swedish study that re-
ported elevated risks for all subtypes of brain tumors among 
long-term users as well as short-term users  ( 16 , 17 ) . Two pub-
lished incident case – control studies in Denmark and Sweden, 
which were part of the Interphone study, reported slightly de-
creased risk estimates for both glioma and meningioma  ( 14 , 15 ) . 
In Finland, selection bias due to nonparticipation was found to 
decrease the estimate of risk between cellular telephone use and 
incidence of brain tumors  (32  ) , and such bias may have played a 
role in the defi cits seen in the Danish and Swedish studies. Bias 
due to nonparticipation is not, however, a plausible explanation 
for the reduced brain tumor risk that we observed among long-
term subscribers in this nationwide cohort study because the en-
tire Danish population was included in the study. 

 We have found no biologically plausible evidence in the lit-
erature to support an inverse association between radio frequency 
electromagnetic fi elds and brain tumor development  ( 1 ) . This 
fi nding of an inverse association is even more surprising because 
early cellular telephone subscribers had higher incomes than the 
general population, and brain tumors may be more frequent 
among persons with higher socioeconomic status, as reported in 

  Table 3.       Standardized incidence ratios (SIRs) and 95% confi dence intervals (CIs) for brain and nervous system tumors and leukemias according to time since fi rst 
subscription among 420   095 cellular telephone subscribers in Denmark, 1982 – 1995, followed up through December 31, 2002 (men and women combined) *   

Latency  †  , y Person-years

  Brain and nervous system   Leukemia

Obs Exp SIR (95% CI) Obs Exp SIR (95% CI)

<1 419   535 51 56.9 0.90 (0.67 to 1.18) 33 30.4 1.09 (0.75 to 1.52)
1 – 4 1   656   211 266 256.3 1.03 (0.91 to 1.17) 151 144.0 1.05 (0.90 to 1.24)
5 – 9 1   326   814 235 244.1 0.96 (0.84 to 1.09) 135 147.3 0.92 (0.77 to 1.08)
 ≥ 10 169   595 28 42.5 0.66 (0.44 to 0.95) 32 29.7 1.08 (0.74 to 1.52)
 P  trend   ‡      .51   .69

  *  Obs = observed; Exp = expected.  
   †   Time since fi rst cellular telephone subscription to the diagnosis of cancer.  
   ‡    P  trend  was calculated using the Poisson trend statistic (two-sided test).  
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    Fig. 1.     Average gross income in US dollars for male cellular telephone sub scribers 
( dashed line ) and all males ( solid line ) in Denmark by age. Gross income in 
 A ) 1985 and  B ) 1995.     
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a US study  ( 33 ) . However, the overall risk of brain tumor associ-
ated with cellular telephone use of all time intervals (SIR = 0.97; 
n = 580) was similar to that of the general population of Denmark. 
Among the subset of 56   648 subscribers followed for 10 or more 
years, the risk of brain tumors was statistically signifi cantly 
low but the trend over time was not close to statistical signifi -
cance ( P  = .51). Although approximately 11   000 cohort members 
had subscribed for 15 or more years, the mean follow-up beyond 
10 years of use for the 56   648 long-term subscribers was only 
3.0 years; hence, the fi nding was based on only 28 cases. Thus, 
chance may be the explanation when the risk among a subgroup 
is found to be statistically signifi cantly low, especially when 
many comparisons are being made. Nevertheless, negative con-
founding by an unknown or unmeasured factor cannot be ruled 
out because our cohort of the fi rst, mainly male, subscribers of a 
cellular telephone appeared to be a unique subgroup of persons 
with a higher income (e.g., having particular occupations in 
which mobile communication was an advantage or they may be 
different with regard to lifestyle) and might therefore have a dis-
tinct risk profi le. However, it is not clear why such a distinct risk 
profi le would affect only one cancer type and not others. Further 
follow-up will be required to determine whether the brain tumor 
risk will remain decreased. 

 Our fi ndings with respect to acoustic neuroma are of interest 
in view of the results of a recent pooled analysis from fi ve 
countries   (Denmark, Sweden, Norway, Finland, United Kingdom; 
part of the Interphone study)  ( 18 ) . Although there was no in-
creased risk in acoustic neuroma overall (odds ratio [OR] = 0.9) 
or among those using cellular phones for more than 10 years 
(OR = 1.0), a risk among long-term users could not be completely 
ruled out because a statistically signifi cant increased risk (OR = 
1.8) was found for tumors that developed on the same side of the 
head as reported the phone use. The risk for contralateral tumors 
was decreased (OR = 0.9), and, after considering multiple sources 
of potential bias, the authors concluded that no fi rm conclusions 
could be drawn. Our overall risk for acoustic neuroma (SIR = 
0.73) was consistent with that from the Interphone study (overall 
OR = 0.9). We have no information, however, about which side 
of the head the subscribers in our cohort preferred when using a 
cellular telephone, but, even if a subgroup had an elevated risk, it 
could have been compensated for by an even greater decreased 
risk among the remaining persons. 

 We observed statistically signifi cantly reduced risks among 
men for all cancers and for smoking-related cancers in particu-
lar. We suggest that this risk reduction may be due to fewer 
smokers in our cohort and to the likely healthier lifestyles and 
the higher income of cellular telephone users compared with 
the general population. Although female subscribers in our co-
hort also had higher incomes than women in the general popu-
lation (data not shown), no reduction in risk for smoking-related 
cancers was observed. We examined this seeming inconsistency 
by using data from the  “ Diet and Cancer ”  study, a large pro-
spective cohort study in Denmark including approximately 
60   000 persons  ( 34 ) . By evaluating the prevalence of smoking 
in fi ve income categories, we found a clear inverse linear trend 
among men, but not among women. Among men, the smoking 
prevalence was 57.1% in the lowest and 30.7% in the highest 
income categories in 1985. Among women, the prevalences of 
smoking were similar in the four lowest income categories 
( ~ 33%), and it was 24.9% in the highest income category, which 
included only 1.8% of all women. Thus, smoking prevalence 

may be inversely related to the socioeconomic status of men but 
not of women. 

 The increased standardized incidence ratio for cervical cancer 
among cellular telephone users in our study is diffi cult to inter-
pret. The major risk factor for this disease is infection with hu-
man papillomavirus, which in turn is strongly infl uenced by the 
number of sexual partners  ( 35 ) . We also note that cellular tele-
phone subscribers had a higher average income than the general 
population and cervical cancer risk is inversely associated with 
educational level  ( 36 ) . Other than chance, these observations 
point to the possibility that women who subscribed to cellular 
telephone service in the early years differed from the general 
population in terms of sexual activity. We also have no explana-
tion for the greater than expected incidence of kidney cancer 
among women. Thus, because no such increase was found among 
men, the increased standardized incidence ratio among women is 
likely the role of chance, due to the many statistical comparisons 
made in this analysis. 

 The study has several strengths. Because of the nationwide 
coverage, the large size of the cohort, and the long follow-up 
period, we were able to address potential risks many years after 
fi rst telephone use that has not been possible in most studies con-
ducted to date. To our knowledge, this is the only cohort study 
addressing cellular telephone use and cancer risk and as such is 
not susceptible to biases found in case – control studies, e.g., such 
as those due to differential survival, recall, reporting, and partici-
pation  ( 37 ) . Another strength is the use of objective measures of 
exposure, namely the years of subscription, derived from the fi les 
of all Danish network providers. A further strength of our study 
was the elimination of exposed cohort members, i.e., cellular 
telephone subscribers, from the comparison population in the cal-
culation of the standardized incidence ratios, removing a poten-
tial source of underestimating an association. We also were able 
to obtain additional data on income, smoking, and self-reported 
cellular telephone use to assist us in interpreting our fi ndings. 

 The study also has limitations. One limitation is the exclu-
sion of users whose subscription was in the name of their 
company, which might not only have reduced the proportion 
of users but also excluded some of the most active users. We 
also had no information on new subscribers after 1995, and 
they were therefore all included in the reference population. This 
means that the majority of our reference population consists of 
recent cellular telephone users, which is a potential source of 
underestimation of risk. However, overall epidemiologic evidence 
suggests no cancer association with short-term use of cellular 
telephones; hence, this is unlikely to have substantially infl uenced 
our results. Another limitation is that the use of subscription 
information raises the possibility of some exposure misclassifi ca-
tion. Users of cellular telephones whose subscriptions are not listed 
in their names were classifi ed as unexposed in this study, i.e., they 
were included in the general population rates used to compute 
expected values, and subscribers who did not actually use a cel-
lular telephone were classifi ed as exposed. Misclassifi cation from 
using subscriber data is nondifferential, i.e., the expected direc-
tion of any bias is toward the null. 

 We evaluated the potential for bias by comparing our sub-
scriber list with self-reported information from 822 Danes who 
participated as control subjects in a case – control study (Inter-
phone) of the possible association between brain tumor risk and 
use of cellular telephones  ( 12 , 14 ) . More than 60% of our Inter-
phone control subjects who were identifi ed within the subscriber 
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cohort characterized themselves as making or receiving calls at 
least once a week, although the comparison population of non-
subscribers included only 16% of such users. The disagreement 
between the methods, however, does not refl ect only misclassifi -
cation based on subscription data, as self-reported cellular 
telephone use is far from established as the gold standard for 
exposure estimation, although it has been used in almost all the 
case – control studies in this research area  ( 4 , 5 , 7  –  10 , 12  –  22 ) . Re-
cent validation studies have in fact shown marked discordance 
in comparisons of self-reported use of cellular telephones with 
usage records from network providers  ( 38  –  40 ) . 

 Thus, both exposure assessment methods, i.e., subscriber in-
formation and self-reported usage, have certain advantages and 
disadvantages, and both introduce bias from exposure misclassi-
fi cation into the relative risk estimation. In addition, the valid 
estimation of cellular telephone use must serve as a proxy for 
exposure to radio frequency electromagnetic fi elds from these 
devices  ( 41 , 42     ) . It is thus reassuring that the fi ndings from our 
cohort study are consistent with most case – control studies con-
ducted worldwide even though different approaches for exposure 
assessment were used. 

 In conclusion, we found no increased risk of brain tumors, 
acoustic neuromas, salivary gland tumors, eye tumors, leuke-
mias, or overall cancer in this large, nationwide cohort study of 
cellular telephone subscribers in Denmark. There was also no 
increased risk of brain tumors and leukemias observed among 
the 56   648 persons whose subscription to cellular telephone ser-
vice was greater than 10 years. Moreover, the narrow confi dence 
intervals provide evidence that any large association of risk of 
cancer and cellular telephone use can be excluded. Despite un-
certainties in estimating actual telephone use, the consistency of 
the fi ndings with case – control studies conducted in Denmark and 
in other parts of the world is reassuring. The methods used sug-
gest that the use of cellular telephones does not pose a substantial 
risk of brain tumors among short-term or long-term users, but for 
the latter group, further follow-up is required. Because there are 
so few, if any, nationwide cohort studies of cellular telephone 
use, continued follow-up of this study is planned, coupled with 
improved methods of assessing telephone use.    
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