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The use of cellular telephones has grown explosively
during the past two decades, and there are now more
than 279 million wireless subscribers in the United
States. If cellular phone use causes brain cancer, as
some suggest, the potential public health implications
could be considerable. One might expect the effects of
such a prevalent exposure to be reflected in general
population incidence rates, unless the induction period
is very long or confined to very long-term users. To
address this issue, we examined temporal trends in
brain cancer incidence rates in the United States, using
data collected by the Surveillance, Epidemiology, and
End Results (SEER) Program. Log-linear models were
used to estimate the annual percent change in rates
among whites. With the exception of the 20–29-year
age group, the trends for 1992–2006 were downward
or flat. Among those aged 20–29 years, there was a stat-
istically significant increasing trend between 1992 and
2006 among females but not among males. The recent
trend in 20–29-year-old women was driven by a rising
incidence of frontal lobe cancers. No increases were
apparent for temporal or parietal lobe cancers, or
cancers of the cerebellum, which involve the parts of
the brain that would be more highly exposed to radiofre-
quency radiation from cellular phones. Frontal lobe
cancer rates also rose among 20–29-year-old males,
but the increase began earlier than among females and
before cell phone use was highly prevalent. Overall,
these incidence data do not provide support to the
view that cellular phone use causes brain cancer.
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R
ecent temporal trends in the age-specific incidence
of brain cancer are of interest in light of concerns
about possible effects of novel environmental

exposures, in particular radiofrequency (RF) radiation
from cellular telephones.1 Although first used in the
1980s, cellular telephones did not come into widespread
use in the United States until the mid- to late 1990s. Their
use is now pervasive, with more than 279 million wireless
subscribers in the United States as of December 2008
(Fig. 1A).2 There have been reports in the literature that
the incidence of brain cancer has increased in recent
years;3,4 however, data from national cancer registries
in Denmark, Finland, Norway, and Sweden showed
stable rates from the mid-1980s through 2003,5,6 and
data collected by the Surveillance, Epidemiology, and
End Results (SEER) Program indicated declining or
stable age-adjusted brain cancer incidence rates
between 1992 and 2006.7 Here, we consider the question
in greater detail, including trends by age group and
location of cancer in the brain.

Methods

The study was conducted using data collected by the
SEER Program and included white patients diagnosed
with brain cancer [ICD-O8 topography codes C71.0–
C71.9, excluding meningiomas and lymphomas/leuke-
mias: morphology codes 9530–9539 and 9590–9989]
during 1977–2006 and reported to 1 of 9 statewide or
regional population-based cancer registries (2009 sub-
mission). The original 9 registries included the states of
Connecticut, Hawaii, Iowa, New Mexico, and Utah,
plus the metropolitan areas of Atlanta (Georgia),
Detroit (Michigan), San Francisco (California), and
Seattle (Washington), and cover approximately 10% of
the US population. Age-specific and age-adjusted inci-
dence rates, directly standardized to the 2000 US popu-
lation, were calculated and expressed per 100 000
person-years, separately for males and females.
SEER*Stat version 6.5.29 was used to fit log-linear
models, estimate the annual percent change in incidence
rates, and calculate 95% confidence intervals according
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to the method of Tiwari et al.10 All statistical tests were
two-sided at the a ¼ 0.05 level. Trends were estimated
separately for 1977–1991 and 1992–2006. The earlier
interval includes the years when computerized tomogra-
phy (CT) and magnetic resonance imaging (MRI) tech-
nologies were introduced and growing in use but
precedes the widespread use of cellular telephones.
Only trends for the latter interval are relevant to the
cellular phone issue; however, the longer term pattern
provides the context in which to interpret the
more recent data. By the 1990s, CT and MRI machines
had become widely available in the medical care
system, making temporal variation in diagnosis less of
an issue.

Results

A total of 38 788 brain cancers were diagnosed among
whites over the 30-year period, of which more than
95% were gliomas.

The overall incidence of brain cancer changed little
during the period when the use of cellular phones
increased sharply (Fig. 1B). Age- and sex-specific
trends in the incidence of brain cancers are shown in
Fig. 2, and annual percentage changes are summarized
in Table 1. For those under 30 years and those 65
years or older, there were highly significant increasing

trends in incidence from 1977 to 1991. With the excep-
tion of the 20–29-year age group, the trends for 1992–
2006 were downward or flat, with the downward trend
for 50–64-year olds approaching statistical significance.
Among women aged 20–29 years, there was a statisti-
cally significant increasing trend between 1992 and
2006; no such trend was seen for males.

To explore this increasing trend among females in
greater detail, we examined a temporal pattern by
tumor location within the brain and tumor histology.
The recent increasing trend in 20–29-year-old women
was due to rising incidence of frontal lobe tumors
(Table 2). No trend was apparent for temporal or parie-
tal lobe tumors, nor for tumors of poorly specified
location. There was an increasing trend for frontal
lobe cancers in males that began earlier than in
females. The male:female incidence rate ratio was
.1.00 for all time periods except for 2002–2006,
when it dropped abruptly to 0.99 (Table 2). The trend
for glioblastoma multiforme, the most common type of
brain cancer in adults, was similar to that for all types
of brain cancer combined (data not shown).

Discussion

Overall, brain cancer incidence rates have declined since
the early 1990s. The rising rates in earlier years in

Fig. 1. (A) Number of wireless subscribers in the United States, 1984–2006;2 (B) age-adjusted incidence of brain cancer (2000 population

standard), SEER 9, 1984–2006.
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persons younger than 30 or older than 64 did not come
as a surprise, as these patterns have been well documen-
ted in previous analyses of SEER data.11,12 By far the
largest part of this apparent increase in incidence is
believed to be attributable to improved diagnosis,
related in large part to the introduction of CT scans in
the 1970s followed by MRI scans in the 1980s. Other
factors, such as improved access to care and an increase
in the number of specialists, may also have played a role.
In any case, cellular telephones could not have been an
important causal factor for cancers diagnosed before
the 1990s, and incidence rates have been flat or decreas-
ing since that time.

Susceptibility to the one known human neurocarcino-
gen, ionizing radiation, is greatest among young chil-
dren,13,14 perhaps because of greater sensitivity of the

developing brain. In addition, some data suggest that
energy deposition from RF radiation from cellular
phones is greater and penetrates more deeply in the
brains of children than adults because of differences in
skull characteristics.15,16 Therefore, it has been pro-
posed that an effect of cellular phone use should be
most apparent in those who began use as children and
have now aged into early adulthood.

In the present study, the only subgroup showing a sig-
nificant increasing trend since 1992 was 20–29-year-old
females. On first consideration, the rising incidence in
young women might be interpreted as evidence suppor-
tive of the idea that cell phones pose a cancer risk.
However, more thorough examination of the data
reveals patterns that are inconsistent with a causal
interpretation. The temporal lobe is the part of the

Fig. 2. Brain cancer incidence trends among whites by age, SEER 9, 1977–1981 to 2002–2006.

Table 1. Age-specific trends in brain cancer incidencea among whites in the United States during 1977–1991 and 1992–2006, SEER 9

Age at diagnosis (years) Calendar year of diagnosis Annual percentage change (95% CI)

Males 1 females Males Females

,20 1977–1991 1.93* (0.57, 3.31) 2.48* (1.26, 3.70) 1.28 (20.96, 3.57)
1992–2006 20.42 (21.84, 1.02) 20.13 (21.70, 1.46) 20.75 (22.38, 0.90)

20–29 1977–1991 2.52* (1.31, 3.76) 2.08* (0.24, 3.97) 2.94* (1.17, 4.73)
1992–2006 1.78* (0.48, 3.10) 20.12 (21.67, 1.45) 4.27* (1.88, 6.71)

30–39 1977–1991 0.71 (20.85, 2.29) 1.06 (20.21, 2.34) 0.02 (22.52, 2.62)
1992–2006 20.57 (21.68, 0.55) 20.99 (22.48, 0.53) 20.02 (21.67, 1.65)

40–49 1977–1991 0.35 (20.99, 1.71) 20.20 (21.64, 1.26) 1.19 (20.65, 3.07)
1992–2006 20.34 (21.16, 0.49) 20.76 (21.99, 0.48) 0.29 (21.17, 1.78)

50–64 1977–1991 0.18 (20.64, 1.00) 0.33 (20.72, 1.40) 20.09 (21.66, 1.50)
1992–2006 20.48 (21.00, 0.04) 20.36 (21.12, 0.40) 20.74 (21.54, 0.06)

65+ 1977–1991 2.23* (1.61, 2.86) 1.63* (0.71, 2.57) 2.90* (1.99, 3.81)
1992–2006 0.02 (20.68, 0.72) 20.34 (21.16, 0.48) 0.15 (20.78, 1.09)

Abbreviation: CI, confidence interval.
aBased on age-standardized rates to the 2000 US population.
*P , 0.05.
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brain most heavily exposed to RF radiation from cellular
telephones;17 yet, no rise in incidence was apparent for
temporal lobe tumors. Rather, the overall trend was
due to an increase in frontal lobe tumors. Depending
on the type of cellular phone and the manner in which
it is used, the specific absorption rate of RF radiation
is at least several times higher in the temporal lobe
than in the frontal lobe.17 An increase in frontal lobe
tumors also was seen among 20–29-year-old males,
but its onset preceded that in females and occurred
before cell phone use was highly prevalent; the trend
for all brain cancers combined in 20–29-year-old
males between 1992 and 2006 was negative, though
not significantly so. It is implausible that cell phone
use poses a cancer risk in women but not in men. The
increase among women beginning in the 1992–1996
interval followed a drop during 1987–1991 (Fig. 2);
both could be due to random variation. Lastly, the age
at exposure dependence for the neurocarcinogenic
effects of ionizing radiation is largely due to the sensi-
tivity of the very young (,5 years);14 very young chil-
dren are not frequent users of cellular phones. This,
plus the fact that the energy of ionizing radiation is of
greater magnitude than that of RF radiation, indicates
that ionizing radiation does not qualify as a good
model for sensitivity of teenagers to nonionizing
radiation.

Left unexplained are the general downward trend in
brain cancer incidence since the early 1990s, the appar-
ent increase in the incidence of frontal lobe cancers (pre-
dominantly gliomas), and a recent change in the sex
ratio of brain cancer in young adults. Part of the decrease
in incidence may be due to population admixture

related to the increasing Hispanic population. Hispanic
whites have a lower incidence of brain cancer than
non-Hispanic whites.7 SEER 9 historically did not dis-
tinguish the two, but Hispanic ethnicity has been col-
lected since 1992. To assess the possible importance of
this factor, we compared rates for all whites in SEER 9
with those for white non-Hispanics during 1992–
2006; the effect of failing to account for Hispanic ethni-
city was relatively small, on the order of 1–3% of inci-
dence rates. In analyses based exclusively on SEER 13,
no trend in brain cancer incidence was seen for any
racial/ethnic group from 1992 to 2006. Although it is
likely that the use of MRIs in the 1980s advanced the
date of diagnosis of some brain cancers, the types of
cancers that tend to occur in older people tend to be
highly aggressive and rapidly growing. It is difficult
to see how such an effect could be on the order of
10 years or more, such that it would deplete the pool
of cancers that otherwise would be diagnosed between
1992 and 2006. There have been improvements in the
diagnosis and reporting of brain cancers over time, as
well as changes in the classification of brain
cancers.18–20 One effect of more accurate and precise
diagnosis would be shifting of cases from vaguely speci-
fied categories into more specific types, both as to his-
tology and location, but it is not apparent why this
would be differential for frontal lobe cancers.

There are several limitations to this study. Most
importantly, if risk is only increased among long-term
users and/or after a long induction period, it may be
too soon for an effect to be apparent in general popu-
lation incidence rates. However, even for a long mean
induction time, one would expect a distribution

Table 2. Brain cancer incidence rates among whites, ages 20–29 years, by gender, location of cancer within the brain, and calendar year
of diagnosis, 1977–1981 to 2002–2006, SEER 9

Site of cancer Year of diagnosis (Incidence rate, per 100 000 person-years [count])

1977–1981 1982–1986 1987–1991 1992–1996 1997–2001 2002–2006

Females

Frontal lobe 0.56 (45) 0.54 (45) 0.59 (45) 0.63 (45) 0.79 (54) 1.15 (76)

Temporal lobe 0.20 (16) 0.35 (29) 0.37 (28) 0.39 (27) 0.47 (32) 0.38 (25)

Parietal lobe 0.20 (16) 0.16 (13) 0.29 (21) 0.20 (14) 0.19 (13) 0.23 (15)

Cerebellum 0.21 (17) 0.28 (23) 0.25 (19) 0.19 (13) 0.26 (17) 0.32 (21)

Other specifieda 0.36 (29) 0.47 (38) 0.61 (46) 0.30 (21) 0.39 (26) 0.64 (42)

Poorly specifiedb 0.36 (29) 0.37 (31) 0.50 (38) 0.35 (24) 0.37 (24) 0.53 (35)

Total 1.90 (152) 2.18 (179) 2.60 (197) 2.05 (144) 2.47 (166) 3.25 (214)

Males

Frontal lobe 0.49 (40) 0.78 (66) 0.81 (64) 0.89 (64) 0.95 (68) 1.20 (86)

Temporal lobe 0.39 (32) 0.31 (26) 0.60 (48) 0.41 (30) 0.41 (29) 0.59 (42)

Parietal lobe 0.20 (16) 0.27 (22) 0.25 (19) 0.34 (24) 0.28 (20) 0.22 (16)

Cerebellum 0.38 (31) 0.25 (21) 0.44 (34) 0.47 (32) 0.32 (22) 0.26 (19)

Other specifieda 0.53 (43) 0.53 (44) 0.61 (48) 0.45 (32) 0.49 (34) 0.51 (37)

Poorly specifiedb 0.55 (45) 0.48 (40) 0.42 (34) 0.60 (44) 0.66 (47) 0.44 (32)

Total 2.55 (207) 2.62 (219) 3.12 (247) 3.16 (226) 3.11 (220) 3.23 (232)

Male:female ratioc 1.34 1.20 1.20 1.54 1.26 0.99
aOther specified¼ occipital lobe + cerebrum (lobe not specified) + ventricle, not otherwise specified + brain stem.
bPoorly specified ¼ overlapping lesions + brain, not otherwise specified.
cBased on total incidence rates for 20–29-year olds.
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around this mean, and sufficient time has elapsed since
the use of cellular telephones began that one would
expect to see cases with shorter than average induction
periods.1,21 It is logically inconsistent to interpret posi-
tive findings from selected published epidemiological
studies of cellular telephones, including that of relatively
short-term users, as being indicative of causality while
simultaneously asserting that it is still too soon to see
an increase at the population level. A second issue is
that incidence data for the most recent calendar years
likely will be revised upward, as additional cancers are
identified and registered in SEER; however, delay-
adjusted brain cancer incidence rates among whites
were very similar to observed rates for years prior to
2006.7 Third, population-level analysis is not well
suited to detecting small effects. Lastly, we could not
assess trends in the incidence of benign intracranial
tumors, such as meningioma and acoustic neuroma,
because SEER only recently began to systematically
collect incidence data for these tumors. Some US regis-
tries have collected such data for a longer time,22 but
there is some question about whether completeness of
reporting of benign tumors has been stable over time

among the different registries. Specifically, it is possible
that ascertainment of benign tumors has increased.

Overall, these incidence data from the United States
based on high-quality cancer registries do not provide
support for the view that use of cellular phones causes
brain cancer.
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