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Background: Use of cellular telephones
is increasing exponentially and has be-
come part of everyday life. Concerns
about possible carcinogenic effects of
radiofrequency signals have been raised,
although they are based on limited sci-
entific evidence. Methods: A retrospec-
tive cohort study of cancer incidence
was conducted in Denmark of all users
of cellular telephones during the period
from 1982 through 1995. Subscriber
lists from the two Danish operating
companies identified 420095 cellular
telephone users. Cancer incidence was
determined by linkage with the Danish
Cancer Registry. All statistical tests are
two-sided. Results: Overall, 3391 can-
cers were observed with 3825 expected,
yielding a significantly decreased stan-
dardized incidence ratio (SIR) of 0.89
(95% confidence interval [CI] = 0.86 to
0.92). A substantial proportion of this
decreased risk was attributed to defi-
cits of lung cancer and other smoking-
related cancers. No excesses were ob-
served for cancers of the brain or
nervous system (SIR = 0.95; 95% CI =
0.81 to 1.12) or of the salivary gland
(SIR = 0.72; 95% CI = 0.29 to 1.49) or
for leukemia (SIR = 0.97; 95% CI =
0.78-1.21), cancers of a priori interest.
Risk for these cancers also did not vary
by duration of cellular telephone use,
time since first subscription, age at first
subscription, or type of cellular tele-
phone (analogue or digital). Analysis of
brain and nervous system tumors
showed no statistically significant SIRs
for any subtype or anatomic location.
Conclusions: The results of this inves-
tigation, the first nationwide cancer in-
cidence study of cellular phone users,
do not support the hypothesis of an as-
sociation between use of these tele-
phones and tumors of the brain or sali-
vary gland, leukemia, or other cancers.
[J Natl Cancer Inst 2001;93:203-7]

REPORTS

The use of cellular telephones has in-
creased rapidly throughout the world.
Cellular telephones and their base stations
transmit and receive radiofrequency (RF)
signals in the range between about 800
MHz and 2000 MHz, which fall in the
microwave part of the electromagnetic
spectrum. The first cellular systems were
based on analogue technologies that are
gradually being replaced by digital sys-
tems. RF radiation at sufficiently high
levels can cause heating by inducing
small electric currents and increasing mo-
lecular movement (/). A typical cellular
phone, however, operates at a power out-
put of 0.25 W, which results in a specific
energy absorption rate of about 1.5 W/kg
and an associated very low rise in brain
temperature (maximum, 0.1 °C) (2). Thus,
the possible biologic effects from cellular
phone use would not be expected to be
thermal in nature. Furthermore, because
RF radiation does not possess enough en-
ergy to remove electrons from atoms or
molecules, it is impossible for ionization
to occur. RF radiation is thus termed
“nonionizing” and, as such, is very differ-
ent from ionizing radiations of much
higher frequencies such as x-rays and
gamma rays, which are genotoxic and
known to damage DNA molecules either
directly or indirectly through free-radical
formation.

Although the potential for RF signals
to cause cancer seems unlikely (3,4), sci-
entific interest was raised when Lai and
Singh (5,6) reported increased numbers of
DNA breaks in rat brain cells after 2-hour
exposures to RF radiation of 2450 MHz.
Subsequent studies (7-9), however, failed
to replicate these findings. The most pro-
vocative experimental study to date, also
as yet unreplicated, comes from Repa-
choli et al. (1/0), who reported an excess
of lymphoma in genetically engineered
mice exposed to pulsed 900-MHz RF ra-
diation for 1 hour per day for 18 months.
The relevance of these findings for human
health, however, has been questioned by
Repacholi himself as well as by other in-
vestigators (4,11). To date, only two epi-
demiologic studies (/2,13) have focused
on cancer risk and use of cellular tele-
phones. Overall mortality among more
than 250 000 customers of a large cellular
phone operator in the United States was
not increased after a follow-up of only 1
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year (/2). The numbers of brain cancers
(n = 6) and of leukemias (n = 15) were
small, and there were no statistically sig-
nificant associations with number of min-
utes of phone use per day or years of
phone ownership (/4). A recent case—
control study from Sweden (/3) reported
a statistically nonsignificant increased
risk for brain tumors on the side of the
head on which cellular telephones were
used. However, the risk for brain tumors
overall was not increased, and there were
methodologic concerns related to ascer-
tainment of cases (/5). One occupational
study (16) has been conducted to date that
deals directly with RF exposures from
wireless communication technologies. In
that study, no association between RF ex-
posure and cancers of the brain and ner-
vous system and leukemia was seen
among 195775 Motorola workers en-
gaged in the manufacturing and testing of
cellular telephones.

Against this backdrop of public con-
cern and limited scientific evidence, we
conducted a nationwide study of all eli-
gible cellular telephone users in Denmark
from 1982 through 1995. The incidence
of cancers of a priori interest, such as
brain and salivary gland cancers, leuke-
mia, and other cancers, was assessed in a
cohort of more than 420 000 users of ana-
logue Nordic Mobile Telephone System
(NMT) and digital General System for
Global Telecommunications, formerly
called Group Special Mobile (GSM), cel-
lular telephones.

SUBJECTS AND METHODS
Study Population
The study was approved by the National Scien-

tific Ethical Board, the National Register Board, and
the Danish Ministry of Research. The study popula-
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tion included all cellular telephone subscribers in
Denmark from January 1, 1982—when this service
was put into operation—until December 31, 1995.
The subscribers were identified from the computer-
ized files of the two Danish operating companies,
Sonofon and TeleDanmarkMobil. Both companies
furnished records of all cellular telephone numbers
issued during the eligibility period. The files also
included the name of the subscriber (either a person
or a company); the address according to parish,
postal code, street, building number, floor, and side
of the building; the type of telephone system used
(analogue telephones were either NMT 450 or NMT
900, and digital telephones were GSM); and the date
of subscription(s). For users of the digital system,
the date of termination of subscription(s) or last in-
voice mailed was also provided and enabled us to
compute the duration of subscription in months. One
of the operating companies provided the number of
minutes billed for outgoing digital calls beginning in
1992; however, because of limitations of these data,
further analyses were not pursued.

A total of 723 421 subscribers were initially iden-
tified. We excluded 200 507 corporate customers be-
cause information on individuals was not available.
The names and addresses of the remaining 522 914
noncorporate subscribers were linked to the files of
the Central Population Register (CPR) to verify the
personal data and to obtain individual personal iden-
tification numbers and information on vital status,
date of death, or date of emigration, if applicable.
The CPR was established in Denmark in 1968, when
all citizens were assigned a unique 10-digit personal
identification number that incorporates gender and
date of birth and permits accurate linkage of infor-
mation between registers. During the study period,
the CPR included both current and past addresses of
each inhabitant of Denmark.

Linkage to the CPR further reduced the size of the
cohort because of errors in name (n = 49 352) or
address (n = 10 183) of the telephone user or be-
cause the address was not residential (n = 11 687).
The linkage unambiguously identified 451 679 sub-
scribers (86.4%) by name, address, identification
number, and vital status. Additional exclusions in-
cluded 10679 duplicates, 17 921 subscriptions after
1995 when the eligibility period ended, 2550 per-
sons under the age of 18 years at first subscription,
and 394 persons permanently residing in Greenland
or the Faroe Islands. Our study was based entirely on
record linkage, and no one was aware of whether he
or she was included. However, once the study had
been announced in the media, the two telephone
companies published in their quarterly reports a no-
tice that subscribers could contact them if they
wished to be excluded. A total of 53 persons con-
tacted the telephone companies in this regard. The
final cohort consisted of 420095 cellular telephone
subscribers or 80.3% of the residential subscribers
obtained from the phone company lists.

Identification of Cancer Among
Subscribers

Cancers were determined from the Danish Cancer
Registry on the basis of linkage with the subscribers’
personal identification numbers. The Danish Cancer
Registry was initiated in 1942 and has since oper-
ated on a nationwide basis. Follow-up began at the
date of first subscription and ended at the date of
death, emigration, or December 31, 1996, whichever
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came first. Cancers as well as benign tumors of the
brain and papillomas of the urinary tract were clas-
sified according to the modified Danish version of
the International Classification of Diseases, 7 re-
vision (ICD-7) (17), and since 1978, all tumors have
been coded according to the International Classifi-
cation of Diseases for Oncology (ICD-O) (18). The
risk of intracranial tumors was evaluated by mor-
phology and topography groupings, following, in
part, a taxonomy suggested by Kleihues et al. (79).

Statistical Analysis

The incidence rates in Denmark for each cancer,
calculated according to sex, 5-year age groups, and
5-year calendar periods, were applied to the person-
years of observation in the study cohort to obtain the
number of cancers expected (20). Tests of statistical
significance and confidence intervals (CIs) for the
standardized incidence ratio (SIR), the ratio of the
observed to expected number of cancers, were cal-
culated by the Miettinen exact method (27) when the
observed number of cancers was small (i.e., fewer
than five cancers); otherwise, an accurate asymp-
totic approximation was used (27). All statistical
tests are two-sided and were considered to be statis-
tically significant at P<.05. The relationship be-
tween duration of subscription (defined as the ag-
gregated periods of cellular telephone subscriptions
available only for digital phone users) or time since
first subscription (latency) and the risk for cancer
was evaluated. The analysis was conducted for all
subscribers combined as well as for subcohorts de-
fined by type of mobile telephone system used (ana-
logue only, digital only, and persons who used both
an analogue and later a digital phone).

RESULTS

Table 1 shows the characteristics of the
study cohort. The 420095 cellular tele-
phone subscribers (357550 men and
62545 women) accrued 1 128 493 person-
years of follow-up (average, 3.1 years;
range, 0—15 years). The median age at en-
try into the cohort (date of first subscrip-
tion) was 37.4 years for men and 38.4
years for women. On average, persons
who subscribed to the analogue system
were followed longer (3.5 years) than
those who subscribed to the digital system
(1.9 years). Just over 69% of the subscrip-
tions began in 1994—-1995.

Table 2, gives the total and site-
specific SIRs for cancer among male and
female subscribers. Overall, there was no
evidence of an increased risk for total
cancers (SIR = 0.89; 95% CI = 0.86 to
0.92), tumors of the brain or nervous sys-
tem (SIR = 0.95; 95% CI = 0.81 to
1.12), leukemia (SIR = 0.97; 95% CI =
0.78 to 1.21), or tumors of the salivary
glands (SIR = 0.72; 95% CI = 0.29 to
1.49), sites of a priori interest. There were
2876 cases of cancer reported in men,
with 3327.6 expected, yielding an SIR of
0.86 (95% CI = 0.83 to 0.90). The esti-
mate in women was 1.03 (95% CI = 0.95

Table 1. Descriptive characteristics of cellular telephone subscribers in Denmark, 1982-95%*

Men Women Both sexes
(n = 357 550) (n = 62 545) (n = 420 095)
No. of No. of No. of

Characteristic subscribers % subscribers % subscribers %
Year of first subscription

1982-1984 3741 1.0 78 0.1 3819 0.9

1985-1987 7603 2.1 263 0.4 7866 1.9

1988-1990 20 175 5.6 1117 1.8 21292 5.1

1991-1993 87773 24.5 9186 14.7 96 959 23.1

1994-1995 238 258 66.6 51901 83.0 290 159 69.1
Age at first subscription, y

18-29 118 429 33.1 17 920 28.7 136 349 325

30-39 90921 254 16 585 26.5 107 506 25.6

40-49 79 428 222 15 706 25.1 95134 22.6

50-59 45 823 12.8 8427 13.5 54250 12.9

60-69 17 948 5.0 2821 4.5 20769 4.9

=70 5001 1.4 1086 1.7 6087 1.4
Telephone system at first subscription

Analogue system (NMT 450) 24 879 7.0 1568 2.5 26 447 6.3

Analogue system (NMT 900) 130 670 36.5 20 816 333 151 486 36.1

Digital system (GSM) 202 001 56.5 40 161 64.2 242 162 57.6
Duration of subscription for digital

phone subscribers (GSM), y+

<1 85828 42.5 21070 52.5 106 898 44.1

12 100 589 49.8 17 324 43.1 117913 48.6

=3 15584 7.7 1767 4.3 17 351 7.1

*GSM = General System for Global Telecommunications; NMT = Nordic Mobile Telephone System.
fDuration data were available only for the 202 001 subscribers to digital phone systems. The percentage
of users in each category of duration of use is calculated as the number of GSM users divided by total number

of GSM users.
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Table 2. Standardized incidence ratios (SIRs) and 95% confidence intervals (Cls) for cancer among
420 095 cellular phone subscribers* in Denmark, 1982-19967

Men Women

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

All cancers (140-205) 2876 3327.6 0.86 0.83t00.90 515 497.6 1.03 095to1.13
Brain, nervous system (193) 135 142.8 095 0.79to1.12 19 18.5 1.03 0.62to 1.61
Salivary glands (142) 7 9.0 0.78 0.31to 1.60 0 07 — —
Leukemia (204) 77 79.6 097 0.76to0 1.21 7 6.6 1.07 0.43t02.20

Other cancers
Pharynx (145-148) 32 51.5 0.62 0.42t00.88 4 1.7 243 0.65t06.22
Esophagus (150) 42 57.1 0.74 0.53t00.99 3 20 153 0.31to4.46
Stomach (151) 63 81.2 0.78 0.60 to 0.99 2 45 045 0.05t01.61
Colon (153) 190 1994 095 082tol1.10 22 227 097 0.61to1.47
Rectum (154) 133 133.1 1.00 084to1.18 12 106 1.13 0.58to 1.98
Liver (155) 18 29.8 0.60 0.36to0 0.96 2 2.0 1.00 0.11to3.61
Pancreas (157) 57 69.1 0.82 0.62to01.07 5 69 0.73 0.23t01.70
Larynx (161) 53 65.3 0.81 0.61to 1.06 2 1.6 124 0.14t04.48
Lung (162) 301 460.7 0.65 0.58t00.73 34 39.1 0.87 0.60to 1.22
Breast (170) 5 50 099 032t0232 152 1413 1.08 0091to1.26
Cervix uteri (171) — — — — 37 275 134 095t01.85
Corpus uteri (172) — — — — 18 176 1.02 0.60to 1.61
Ovary (175) — — — — 24 220 1.09 0.70to 1.62
Prostate (177) 159 1756 091 0.77t0 1.06 — — — —
Testis (178) 187  166.6 1.12 097t01.30 — — — —
Kidney (180) 104 1013 1.03 0.84to1.24 7 6.7 1.04 042t02.15
Bladder (181) 233 2393 097 0.85to1.11 12 9.0 134 0.69t02.33
Melanoma (190) 123 1427 0.86 0.72t01.03 21 263 0.80 0.49to1.22
Other skin (191) 567 6148 092 085t01.00 79 79.1 1.00 0.79to 1.24
Eye (192) 8 124 0.65 0.28t0 1.27 0 1.1 — —
Thyroid (194) 13 129 1.01 0.54t01.72 4 44 092 0.25t02.35
Non-Hodgkin’s lymphoma 109 1167 093 0.77t01.13 11 10.6 1.04 0.52to 1.86

(200, 202)

Hodgkin’s lymphoma (201) 27 30.6 0.88 0.58to 1.29 3 26 1.18 0.241t03.43
Other and unspecified cancers 233 331.1 0.70 0.62t00.80 35 327 1.07 0.75to0 1.50

*Ever use of a cellular telephone (NMT 450, NMT 900, or GSM).

TObs = observed; Exp =expected.

#ICD-7 = International Classification of Diseases, 7th revision. NMT = Nordic Mobile Telephone
System; GSM = General System for Global Telecommunications.

to 1.13) based on 515 observed cases. Sta-
tistically significantly low SIRs in men
were seen for cancers of the lung (SIR =
0.65), pharynx (SIR = 0.62), esophagus
(SIR = 0.74), liver (SIR = 0.60), stom-
ach (SIR = 0.78), and other and unspeci-
fied sites (SIR = 0.70). The SIR for tes-
ticular cancer (i.e., 1.12) was not
statistically significantly increased.
Among women, we observed no devia-
tions from the expected figures for any of
the site-specific cancers, except for cancer
of the cervix uteri (SIR = 1.34; 95% CI
= 0.95 to 1.85; n = 37).

The SIRs for tumors of the brain and
nervous system and for leukemia were not
related to time since first subscription (la-
tency), age at first subscription (age at en-
try), cellular telephone system used, or,
for the 202 001 digital system subscribers,
duration of subscription (Table 3).

Tumors of the brain and nervous sys-
tem were analyzed by morphologic and
topographic subtypes (Table 4). Of the
154 reported cancers, 144 were situated
intracranially. There were no statistically
significant SIRs for any subtype or any
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anatomic location, including the occipital
lobe, which would be closest to the an-
tenna of the cellular phone when in use
(SIR = 1.79; 95% CI = 0.58 to 4.17 ).
The absence of an excess risk was seen
not only for the rapidly growing tumors
such as gliomas but also for the less ag-
gressive tumors such as meningiomas and
acoustic neuromas. A nonsignificant in-
crease was seen for other and unspecified
sites (SIR = 1.31), which included tu-
mors of the pituitary gland and pineal
gland, i.e., tumors in the periphery of the
area typically exposed to the RF radiation
from cellular telephones.

DISCUSSION

Our nationwide study of more than
420000 cellular telephone users found
that the numbers of tumors of the brain
and nervous system, leukemia, and sali-
vary gland tumors, all of which were sites
of a priori interest, were remarkably close
to those expected on the basis of the in-
cidence rates in the general population.
Moreover, there was no evidence for a
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dose—response relationship for these can-
cers based on number of years as a sub-
scriber. Analyses by anatomic location of
the brain tumors within the head revealed
no unusual clusterings that could be re-
lated to increased exposure to RF radia-
tion from cellular telephones. The ab-
sence of statistically significant increases
in cancer risks applied equally to ana-
logue and digital systems.

The decreased risk estimate for total
cancers observed among men, who con-
stituted 85% of the cohort, was due in
large part to a decreased incidence of lung
cancer and several other smoking-related
cancer sites, as well as of stomach cancer.
This pattern is consistent with a con-
founding effect of social class—i.e., cel-
lular phone users may differ from the gen-
eral population by being more well-to-do
and less likely to smoke cigarettes. Before
1992, use of cellular telephones in Den-
mark was expensive and ownership was
more common among people of higher
socioeconomic status (SES). Moreover,
higher SES groups in Denmark tend, on
average, to abstain from smoking, to have
a lower prevalence of heavy alcohol use,
and to have lower rates of stomach cancer
(22). Conceivably, heavy users of cellular
phones might also find it difficult to
smoke while talking on the phone, and it
was recently suggested that young per-
sons were choosing to spend their limited
resources on cellular phone expenses
rather than on purchasing cigarettes (23).

The possible differences in social class
or tobacco use between the cellular phone
users and the general population, how-
ever, should not affect the findings for
cancers of the brain and salivary gland
and leukemia, which are not strongly as-
sociated with smoking. In fact, internal
risk comparisons among cellular phone
users themselves confirmed the SIR find-
ings, in that there were no statistically sig-
nificant trends over categories of duration
of phone use or latency for these cancers
of a priori interest, i.e., brain cancer, sali-
vary gland cancer, and leukemia. Because
cost is no longer an important deterrent to
cellular phone ownership, we suspect that
social class differences between cellular
phone users and the general population
are less important today than they may
have been in the past.

Testicular cancer was slightly in-
creased (12%) in cellular phone users,
based on 187 cases. A cluster of testicular
cancer among police officers who used
hand-held radar guns has been reported
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Table 3. Standardized incidence ratios (SIRs) and 95% confidence intervals (CIs) for brain and nervous
system tumors and leukemia among 420 095 cellular telephone subscribers by time since first
subscription, age at first subscription, cellular telephone system, and duration of use for women and men
combined, Denmark, 1982-1996*

Brain and nervous tumors Leukemia
Exposure variable Obs Exp SIR 95%CI Obs Exp SIR 95% CI
Total 154 1613 1.0 08tol.l 8 862 1.0 08tol2
Latency, y
<l 43 552 08 06tol.l 29 284 10 07tols5
14 87 831 1.1 09t0ol3 44 441 1.0 07tol3
=5 24 230 10 07tol6 11 137 08 04tol4
Trend test: P =16 P =155
Age at entry, y
0-49 97 962 1.0 08tol2 36 347 10 07tol4
50-64 41 527 08 06tol.l 31 366 09 06tol2
=65 16 124 13 07t0l3 17 149 12 07t01.8
Trend test: P = .90 P = .96
Cellular telephone system used
Analogue 84 810 10 08tol3 39 461 09 06tol.6
Analogue and digital 20 150 13 08to21 10 72 14 07t025
Digital 50 56.1 09 07t0l2 35 281 12 09tol7
Duration of digital subscription,§ y
<1 12 175 07 04t0l2 10 83 12 0.6t022
12 29 3.1 09 06tol3 19 158 12 07t0l9
=3 9 75 12 0.6t023 6 41 15 05t032
Trend testi P =19 P =75

*Obs = observed; Exp = expected.

FTime since first subscription to a cellular telephone service.

#Two-sided P (for trend) = .19.

§Only available for users of the digital GSM system (i.e., General System for Global Communications)

(n = 242 162).

Table 4. Standardized incidence ratios (SIRs) and 95% confidence intervals (CIs) for intracranial central
nervous system tumors categorized according to the International Classification of Diseases for Oncology
(ICD-0O) morphology and topography codes among 420 095 cellular telephone subscribers in Denmark,

1982-1996*
Morphology and topography Code of topography Obs Exp SIR 95% CI
Gliomat 191.0-191.9 66 702 094 0.72to 1.20
Cerebrum 191.0 15 174 086 0.48to1.42
Frontal lobe 191.1 19 170 111  0.67to 1.75
Temporal lobe 191.2 11 128 086 042to1.54
Parietal lobe 191.3 5 10.5 048 0.15to1.11
Occipital lobe 191.4 5 28 179 0.58to4.17
Cerebellum 191.6 1 06 1.67 0.04t09.29
Other and unspecified 191.5,191.7, 191.8, 191.9 10 9.1 1.10 0.52t02.02
Meningioma:i meninges 192.1 16 186 0.86 0.49t01.40
Nerve sheath tumors:§ cranial nerves 192.0 7 109 0.64 0.26t0 1.32
Other and unspecified|.j 191.0-191.9, 192.0, 192.1, 55 42.1 131  098to 1.70

194.3, 194.4

*Obs = observed; Exp = expected.

FICD-O morphology codes: 93800-94603 [except 93923], 94403-94423, 94013, 93841, 94000-94003,

94103-94213, and 94500-94513.
+ICD-O morphology codes: 95300-95393.

§ICD-O morphology codes: 95400-95700, including acoustic neuromas.

[ICD-O morphology codes: 80000, 80001, 80003, 80500, 91200-91611, 93501, 93611, 93923, 94703,
94713, 94723, 94733, 94903, 95003, 95013, 95033, 95060, 99900, 99901, 99903, 99900, 99990, and 99993.

JIncludes pituitary gland tumors (of which there were four craniopharyngiomas) and pineal gland tumors

(of which there were two).

(24), but an epidemiologic study of radar
workers (25) is inconclusive. Further-
more, testicular cancer occurs more fre-
quently among men with a higher SES in
Denmark (26).
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Because RF signals are unlikely to
cause gene mutations, the biologic pro-
cess underlying a possible association be-
tween exposure to cellular telephones and
the risk of cancer has been proposed to be

a thermal or nonthermal mechanism that
promotes tumor growth (27). However,
experimental data supporting a promo-
tional mechanism are scanty (4). Such a
mechanism implies that current use of
cellular phones might be of particular im-
portance, although our data show an ab-
sence of a brain cancer excess in recent cal-
endar years when phone use dramatically
increased. Furthermore, tumors located in
the temporal, parietal, or occipital lobes
or in the meninges were also not found to
be in excess. If it is assumed that tumor
promotion occurs close to the site of ex-
posure, this finding provides additional
evidence against an association between
cellular telephone use and brain cancer.

Our study has several strengths. It is a
nationwide cancer incidence study of
more than 420000 cellular telephone us-
ers with more than 1 million person-years
of follow-up. Nearly all persons in Den-
mark aged 18 years or older who sub-
scribed to a cellular telephone during the
period 1982-1995 were included, making
up about 15% of the total adult population
of Denmark. Nationwide cancer registry
data were available to identify all cancers,
and the Danish Cancer Registry is consid-
ered to be valid and virtually complete
(28,29). Moreover, we were able to sub-
classify brain tumors with regard to loca-
tion and morphology. Because the records
of the telephone companies were com-
piled before the cases of cancer occurred
among cohort members and because the
Danish Cancer Registry information was
assembled independently of any company
files, the possibility of observational or
recall biases is remote.

Follow-up for cancer occurrence was
up to 15 years after cellular phone sub-
scription. The average period of follow-
up was 3.1 years, reflecting the recent in-
crease in cell phone use in the population;
i.e., over two thirds of the subscriptions
began in 1994 and 1995. Conceivably, the
latency may be too brief to detect an
early-stage effect or an effect on the more
slowly growing brain tumors. Moreover,
our study may currently have too few
heavy users to exclude with confidence a
carcinogenic effect on brain tissue follow-
ing intensive, prolonged use of cellular
telephones. On the other hand, if RF ex-
posure is assumed to act by promoting the
growth of an underlying brain lesion, then
the intense recent use, as currently expe-
rienced by large numbers in our cohort,
might be of more importance than latency
or long-term use considerations.
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Some misclassification of exposure
variables cannot be ruled out because use
of the cellular telephone had to be as-
cribed exclusively to the owner, who is
not necessarily the sole user, of the tele-
phone. For example, in a survey of 3949
telephone account holders in the United
States (30), only 48% were found to be
the sole users of their cellular telephone.
This result implies that the duration of
phone usage of the subscribers of our
study may be overestimated.

Future studies might benefit from re-
fined exposure assessment that would en-
able risk evaluation over categories of cu-
mulative minutes of cellular telephone
use, including both incoming and outgo-
ing calls for individual users. Ideally, an
estimate of the energy absorbed in tissue
would be a preferred exposure metric,
taking into account such factors as the
telephone model and system, the distance
between the user and the base station, and
the duration and intensity of cellular tele-
phone use (317). Several large-scale stud-
ies in the United States and in Europe are
currently ongoing and should provide ad-
ditional knowledge on the relation be-
tween brain tumors and the use of hand-
held cellular telephones (32).

In summary, this first nationwide can-
cer incidence study evaluating cellular
telephone use provides no support for an
association between use of these tele-
phones and risk of brain cancer, leukemia,
salivary gland cancer, or other site-
specific cancers.

Note added in proof: Recently, two
new carefully conducted case—control
studies of brain tumors and cellular phone
use have been published (33,34). Al-
though each suffered from limitations in-
herent in case—control studies (35), nei-
ther provided evidence of a link between
cellular telephone use and increased brain
cancer risk. These new reports, added to
the results of our large-scale nationwide
cohort study of cancer incidence among
cellular telephone users in Denmark, pro-
vide increasing evidence against the hy-
pothesis of a cellular telephone and can-
cer association.

REFERENCES

(1) International Commission on Non-lonizing
Radiation Protection. Guidelines for limiting
exposure to time-varying electric, magnetic,
and electromagnetic fields (up to 300 GHz).
Health Phys 1998;74:494-522.

(2) Van Leeuwen GM, Lagendijk JJ, Van Leersum
BJ, Zwamborn AP, Hornsleth SN, Kotte AN.

Calculation of change in brain temperatures
due to exposure to a mobile phone. Phys Med
Biol 1999;44:2367-79.

(3) Senior K. Mobile phones: are they safe?
[news]. Lancet 2000;355:1793.

(4) Independent Expert Group on Mobile Phones.
Mobile phones and health. Chilton, Didcot
(U.K.): National Radiological Protection Board;
2000. Available from: www.IEGMP.ORG.UK

(5) Lai H, Singh NP. Acute low-intensity micro-
wave exposure increases DNA single-strand
breaks in rat brain cells. Bioelectromagnetics
1995;16:207-10.

(6) Lai H, Singh NP. Single- and double-strand

DNA breaks in rat brain cells after acute expo-

sure to radiofrequency electromagnetic radia-

tion. Int J Radiat Biol 1996;69:513-21.

Malyapa RS, Ahern EW, Straube WL, Moros

EG, Pickard WF, Roti Roti JL. Measurement

of DNA damage after exposure to 2450 MHz

electromagnetic radiation. Radiat Res 1997;

148:608-17.

Malyapa RS, Ahern EW, Straube WL, Moros

EG, Pickard WF, Roti Roti JL. Measurement

of DNA damage after exposure to electromag-

netic radiation in the cellular phone communi-

cation frequency band (835.62 and 847.74

MHz). Radiat Res 1997;148:618-27.

Malyapa RS, Ahern EW, Bi C, Straube WL,

LaRegina M, Pickard WF, et al. DNA damage

in rat brain cells after in vivo exposure to 2450

MHz electromagnetic radiation and various

methods of euthanasia. Radiat Res 1998;149:

637-45.

(10) Repacholi MH, Basten A, Gebski V, Noonan
D, Finnie J, Harris AW. Lymphomas in E mu-
Piml transgenic mice exposed to pulsed 900
MHZ electromagnetic fields. Radiat Res 1997;
147:631-40.

(11) Repacholi MH. Do we know enough about
EMF-induced health effects? [editorial]. J Ra-
diol Prot 1998;18:161-2.

(12) Rothman KJ, Loughlin JE, Funch DP, Dreyer
NA. Overall mortality of cellular telephone
customers. Epidemiology 1996;7:303-5.

(13) Hardell L, Nasman A, Pahlson A, Hallquist A,
Hansson Mild K. Use of cellular telephones
and the risk for brain tumours: a case—control
study. Int J Oncol 1999;15:113-6.

(14) Dreyer NA, Loughlin JE, Rothman KJ. Cause-
specific mortality in cellular telephone users.
JAMA 1999;282:1814-6.

(15) Ahlbom A, Feychting M. Re: Use of cellular
phones and the risk of brain tumours: a case—
control study [letter]. Int J Oncol 1999;15:
1045-7.

(16) Morgan RW, Kelsh MA, Zhao K, Exuzides
KA, Heringer S, Negrete W. Radiofrequency
exposure and mortality from cancer of the
brain and lymphatic/hematopoietic systems.
Epidemiology 2000;11:118-27.

(17) National Board of Health. Cancer incidence in
Denmark 1996. Health statistics 1999, No. 3.
Copenhagen (Denmark): Danish National
Board of Health; 1999.

(18) World Health Organization (WHO). Interna-
tional Classification of Diseases for Oncology
(ICD-0). Geneva (Switzerland): WHO; 1976.

(19) Kleihues P, Burger PC, Scheithauer BW. His-
tological typing of tumors of the central ner-

(7

~

(8

=

(9

~

Journal of the National Cancer Institute, Vol. 93, No. 3, February 7, 2001

vous system. New York (NY): Springer-
Verlag; 1993.

(20) Coleman M, Douglas A, Hermon C, Peto J.
Cohort study analysis with a FORTRAN com-
puter program. Int J Epidemiol 1986;15:134-7.

(21) Rothman KJ, Boice JD Jr. Epidemiologic
analysis with a programmable calculator.
Washington (DC): Govt Print Off; 1979.

(22) Kogevinas M, Pearce N, Susser M, Bofetta P.
Social inequalities and cancer. IARC Sci Publ
No. 138. Lyon (France): International Agency
for Research on Cancer; 1997.

(23) Charleston A, Bates C. Decline in teenage
smoking with rise in mobile phone ownership:
hypothesis [letter]. BMJ 2000;321:1155.

(24) Davis RL, Mostofi FK. Cluster of testicular
cancer in police officers exposed to hand-held
radar. Am J Ind Med 1993;24:231-3.

(25) Hayes RB, Brown LM, Pottern LM, Gomez M,
Kardaun JW, Hoover RN, et al. Occupation
and risk for testicular cancer: a case—control
study. Int J Epidemiol 1990;19:825-31.

(26) Moller H, Skakkebaek NE. Risks of testicular
cancer and cryptorchidism in relation to socio-
economic status and related factors: case—con-
trol studies in Denmark. Int J Cancer 1996;66:
287-93.

(27) Repacholi MH. Radiofrequency field exposure
and cancer: what do the laboratory studies sug-
gest? Environ Health Perspect 1997;105 Suppl
6:1565-8.

(28) Jensen OM, Storm HH, Jensen HS. Cancer reg-
istration in Denmark and the study of multiple
primary cancers, 1943-80. Natl Cancer Inst
Monogr 1985;68:245-51.

(29) Storm HH, Michelsen EV, Clemmensen IH,
Pihl J. The Danish Cancer Registry—history,
content, quality and use. Dan Med Bull 1997;
44:535-9.

(30) Funch DP, Rothman KJ, Loughlin JE, Dreyer
NA. Utility of telephone company records for
epidemiologic studies of cellular telephones.
Epidemiology 1996;7:299-302.

(31) Balzano Q. Exposure metrics for RF epidemi-
ology: cellular phone handsets. Radiat Prot
Dosim 1999;83:165-9.

(32) Rothman KJ. Epidemiological evidence on
health risks of cellular telephones. Lancet
2000;356:1837-40.

(33) Muscat JE, Malkin MG, Thompson S, Shore
RE, Stellman SD, McRee D, et al. Handheld
cellular telephone use and risk of brain cancer.
JAMA 2000;284:3001-7.

(34) Inskip PD, Tarone RE, Hatch EE, Wilcosky
TC, Shapiro WR, Selker RG, et al. Cellular-
telephone use and brain tumors. N Engl J Med
2001;344:79-86.

(35) Trichopoulos D, Adami HO. Cellular tele-
phones and brain tumors [editorial]. N Engl J
Med 2001;344:133-4.

NOTES

Supported by grants from the two Danish operat-
ing companies (TeleDanmarkMobil and Sonofon);
by the International Epidemiology Institute, Rock-
ville, MD; and by the Danish Cancer Society.

We thank Visti Birk Larsen and Andrea Meehr-
sohn for their skillful computer assistance.

Manuscript received September 22, 2000; revised
December 1, 2000; accepted December 5, 2000.

REPORTS 207



