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A B S T R A C T

Background: Mobile phone use in Australia has increased rapidly since its introduction in 1987 with
whole population usage being 94% by 2014. We explored the popularly hypothesised association between
brain cancer incidence and mobile phone use.
Study methods: Using national cancer registration data, we examined age and gender specific incidence
rates of 19,858 male and 14,222 females diagnosed with brain cancer in Australia between 1982 and 2012,
and mobile phone usage data from 1987 to 2012. We modelled expected age specific rates (20–39, 40–59,
60–69, 70–84 years), based on published reports of relative risks (RR) of 1.5 in ever-users of mobile
phones, and RR of 2.5 in a proportion of ‘heavy users’ (19% of all users), assuming a 10-year lag period
between use and incidence.
Summary answers: Age adjusted brain cancer incidence rates (20–84 years, per 100,000) have risen
slightly in males (p < 0.05) but were stable over 30 years in females (p > 0.05) and are higher in males 8.7
(CI = 8.1–9.3) than in females, 5.8 (CI = 5.3–6.3). Assuming a causal RR of 1.5 and 10-year lag period, the
expected incidence rate in males in 2012 would be 11.7 (11–12.4) and in females 7.7 (CI = 7.2–8.3), both
p < 0.01; 1434 cases observed in 2012, vs. 1867 expected. Significant increases in brain cancer incidence
were observed (in keeping with modelled rates) only in those aged �70 years (both sexes), but the
increase in incidence in this age group began from 1982, before the introduction of mobile phones.
Modelled expected incidence rates were higher in all age groups in comparison to what was observed.
Assuming a causal RR of 2.5 among ‘heavy users’ gave 2038 expected cases in all age groups.
Limitations: This is an ecological trends analysis, with no data on individual mobile phone use and
outcome.
What this study adds: The observed stability of brain cancer incidence in Australia between 1982 and
2012 in all age groups except in those over 70 years compared to increasing modelled expected estimates,
suggests that the observed increases in brain cancer incidence in the older age group are unlikely to be
related to mobile phone use. Rather, we hypothesize that the observed increases in brain cancer
incidence in Australia are related to the advent of improved diagnostic procedures when computed
tomography and related imaging technologies were introduced in the early 1980s.
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1. Introduction

The first call made on a mobile phone in Australia occurred on
February 23, 1987. In the 29 years since, usage has grown rapidly,
with over 90% of all Australians using the devices today. In 2011 the
$ Dr. Freddy Sitas, a co-author of this paper, is an Associate Editor of Cancer
Epidemiology. The Editor-in-Chief of Cancer Epidemiology managed the editorial
process for this manuscript independently from Dr. Sitas and the manuscript was
subject to the Journal’s usual peer-review process.
* Corresponding author.
E-mail address: simon.chapman@sydney.edu.au (S. Chapman).
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International Agency for Research on Cancer Working Group
classified radiofrequency (RF) electromagnetic waves as ‘possibly
carcinogenic to humans’. Radiofrequency waves are emitted by
electronic devices including radar, TV, radio, WiFi, Bluetooth,
microwave and cordless devices and mobile phones. IARC issued a
classification score of 2B for radio frequency electromagnetic
radiation, which is defined as “A positive association has been
observed between exposure to the agent and cancer for which a causal
interpretation is considered by the Working Group to be credible, but
chance, bias or confounding could not be ruled out with reasonable
confidence”. The Working Group identified several methodological
issues regarding measurement of RF from mobile phones and
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Fig. 1. Percentage of Australians with mobile phone accounts.
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noted the inconsistency and poor replicability of most laboratory
studies [1].

This view was strengthened by several independent national
environmental health agencies. For example, a 2012 UK report of
the Independent Advisory group on non-ionising radiation [2] and
a 2015 review by the European Union’s Scientific Committee on
Emerging and Newly Identified Health Risks (SCENIHR) [3] both
found no evidence of health effects of mobile phones to humans at
current EMF dosage levels. In addition, a number of groups in
several countries have documented a stable or declining incidence
of brain cancers [4–8]. In the USA [8] and the Nordic countries [7]
several risk and latency scenarios about mobile phone use and
brain cancers were investigated with the findings being consistent
with a null effect or longer latency periods. However, Morgan et al.
[9] recently argued that risks of mobile phone use are higher than
previously thought, with relative risks in relation to a ‘decade long
mobile phone use’ said to be between 1.8 and 7.8 (Ref. [9], Table 1).
By contrast cohort studies in Denmark and the UK published after
the IARC report [10,11] found a null effect.

Given these uncertainties, and continuing prominent media
coverage of predictions of an eventual increasing incidence of
mobile phone caused brain cancers, we investigated the associa-
tion between mobile use coverage and brain cancer incidence in
Australia using an ecological study design.

2. Methods

We obtained data on the percentage of all Australians with
mobile phone accounts1 from the Australian Mobile Telephone
Association (AMTA) and the Australian Communications and
Media Authority (ACMA) annual reports (see Fig. 1). Data on
account holders for 1987–1990 and 1992–1997 were missing and
were estimated by linear interpolation. Data by age and gender
were unavailable.

These data refer to “accounts”, not individuals. In 2014 there
were 31.01 mobile phone million accounts in a population of some
23.86 million [12]. In 2009 (latest available data) nearly one in
three children aged 5–14 and 76% of 12–14 years old had their own
mobile phone [13]. The exact number of individuals using mobile
1 Mobile phone plans are only available in Australia for people aged 18 or older,
but many children have them supplied by parents.
phones in Australia is unknown but estimated to be approximately
90% of all people.

Reporting of incident invasive cancer is mandatory in all
Australian states and territories, which send data to the Australian
Institute of Health and Welfare (AIHW) for national reporting. We
used AIHW national tabulated incidence data from 1982 to 2012
(the latest data available) for brain cancer [14] (80% of which are
gliomas) to calculate (3-year smoothed) age-adjusted incidence
rates (per 100,000) overall and for four age groups (20–39, 40–59,
60–69, 70–84 years). Data become unreliable after 84 years
because they are combined into one category of 85 years and over.

To illustrate the purported effect of mobile phones on brain
cancer incidence, we assumed a 10-year lag period between
exposure to mobile phones, and estimated expected rates per age
group over 20 years (RE) assuming prevalence/use to be spread
evenly across all age groups (due to lack of age specific usage data) (P
mob), by multiplying the pre-mobile phone baseline rate in 1982–
1987 (R1982–1987) by a (conservative) relative risk (RRmob) of 1.5, the
RR foundfor ‘ever-users’ of mobile phones, estimatedby Hardell et al.
[15], used by Little et al. [8] using the formula for each age group:
RE = (R1982–1987� Pmob� RRmob) + (R1982–1987� (1 � Pmob)), and then
obtaining the all-age rate by summation of the age specific groups.
Using a recent paper [9] we also modelled brain cancer incidence
using a RR of 2.5, among heavy users (>896 h cumulative use), and
assumed that 19% of the Australian population falls in this top
category, based on data from the INTERPHONE study [16], an
international pooled analysis of studies on the association between
mobile phone use and brain cancer (which defines heavy users
slightly differently, as being those with >735 h cumulative use).
Confidence intervals and statistical significance of observed and
expected incidence rates were calculated using formulas in Jensen
et al. [17].

3. Results

Fig. 1 shows mobile phone use in Australia from 1987 to 2014
increasing from 0% in 1987 to 94% in 2014.

A total of 19,858 males and 14,222 females aged 20–84 were
diagnosed with brain cancer between 1982 and 2012. Brain cancer
ranks as the 12th most common cancer in Australia, representing
1.4% of all newly diagnosed cancers [14].

Fig. 2 and Supplementary Tables S1 and S2 show the (3-year
smoothed) observed and modelled expected rates per
100,000 population for brain cancer incidence for this period.
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Fig. 2. Observed and expected brain cancer incidence rate in Australia (age standardised, World) assuming a RR of 1.5 for mobile users and RR of 2.5 for heavy users compared
to non-users with a 10-year lag time.
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Age adjusted brain cancer incidence rates rose slightly over time in
males (p < 0.05) but not in females (p > 0.05). In 2012, rates were
about 50% higher in males (8.7 per 100,000, 95%CI = 8.1–9.3) than
in females (5.8 per 100,000, 95%CI = 5.3–6.3), p < 0.001 (Table S2).
Using modelled assumptions of a ‘causal’ RR of 1.5 and a lag period
of 10 years, expected incidences would have been significantly
greater in both males and females (11.7; CI = 11.0–12.4, and 7.7;
CI = 7.2–8.3, respectively), p < 0.01. Using our modelled assump-
tions, in 2012, 1867 cases (M&F combined) of brain cancer were
expected vs. 1434 observed. Assuming a causal RR of 2.5 in ‘heavy
users’ the expected incidences are increased further, to 2038.

Fig. 3 shows the observed and modelled expected age specific
incidences of brain cancer across four age groupings, separately for
males and females. In the oldest age group, 70–84 years, we
observed an increase in brain cancer incidence in keeping with
modelled expected incidence rates, however, this increase began
from 1982 before the introduction of mobile phones. In all the
remaining age groups, modelled expected incidence rates are
significantly higher in comparison to what was observed.

4. Discussion

We used all the national incident brain cancer registrations
available through Australia’s high quality state and territory
population-based cancer registration system. Registration is
mandatory and histological verification rates exceed 85%. All
registries conform to the International Agency for Research on
Cancer’s criteria for population based cancer registration, are “A”
rated and have their data published in the “Cancer Incidence in Five
Continents” series [18].

Publicly available Australian individual mobile phone usage
data are unavailable in Australia, so of necessity, our analysis is an
ecological trends analysis. Notwithstanding limitations of using
subscription data to derive individual use patterns, we assumed
phone use to be equal across all ages and between males and
females. In Denmark in 1982–1995, for example when the
prevalence of self reported use was just 19%, the predictive value
of subscription data in ascertaining regular use was 56% [19]. Early
mobile phones and accounts were very expensive by today’s
standards. Early subscribers were dominated by middle-aged
working men on company mobile phone subscriptions, in
Denmark and also in Australia. As costs fell dramatically,
subscriptions rapidly extended throughout the population. This
means that the per capita subscription rate we used would
overestimate prevalence of use in males and underestimate it in
females. While this may have pertained to the early years of mobile
phone use in Australia, the picture changed quickly to almost full
coverage of mobile phone use (Fig. 1). We had no data on the
proportion of heavy users in Australia, and so assumed 19% of
heavy mobile phone usage in Australia based on the INTERPHONE
data [16].

Large proportions of Australians have been exposed to mobile
phone and other EMR since the early 1990s and in 2012 (the latest
available year for cancer incidence data), approximate adult per
capita cell phone use was over 90% (Fig. 1). In the 25 years since the
rapid and widespread adoption of mobile phones in Australia, the
incidence of brain cancer has not risen in any age group other than
those aged 70–84 years of age. However, in this age group, the
increase in the incidence of brain cancer started before 1987, the
advent of mobile telephony in Australia. While we have no
Australian data on this, we suspect the population aged >70 would
be those with the lowest prevalence of mobile phone use. Such an
increase in cancer restricted to one age group is more consistent
with improvements in access to diagnostic methods in older age
groups over time.

The same observation was noted in other similar studies of
brain tumours and cancers from New Zealand [4], Australia [5],
England [6] and the Nordic countries [7]. In Australia, Dobes et al.
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Fig. 3. Observed and modelled expected estimates of brain cancer incidence in Australia, in four age groups, assuming a RR = 1.5 for mobile users and RR = 2.5 for heavy users
compared to non-users with a 10-year lag time.
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[5] analysed 7251 histologically confirmed cases of brain cancer
from all pathology and neurosurgical centres and major teaching
hospitals in NSW and ACT between 2000 and 2008 and, in keeping
with our data, found an increase in incidence in those aged 65 and
over and a decline in Schwannomas (acoustic neuromas, not
malignant and not reported by cancer registries).

In the USA, mobile phones have been available for the longest
period of time (33 years, since 1983). In the 29 years of mobile
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Fig. 3. (Continued)
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telephony in Australia, assuming a purported RR of 1.5 and a
latency of 10 years we predicted a 30% increase in brain cancer
incidence. Likewise, a similar modelling study of USA brain cancer
incidence which assumed brain cancer risks of those who had ever
used a mobile phone would be 1.5 fold higher than those who
never used them [8], predicted a 40% increase in brain cancer
incidence based on a 10-year latency period, but no such increase
has yet been observed in either country. We chose conservative
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estimates of RR 1.5 and 2.5 to model our assumptions. Higher RRs
would have yielded even higher expected numbers.

The incidence of brain cancer in Australia from 1982 to 2012 in
females has been consistently some 50% lower than that in males.
Data on mobile phone use by gender are sparse in Australia, but in
New South Wales, the most populous state (7.6 m people out of
23.5 m) 20.9% of adult males and 19.5% females are exclusive
mobile users and 71% reported dual mobile and landline use [20]. If
one assumes those with dual use are also approximately evenly
distributed between the sexes and these results generalizable
across the rest of Australia, it is difficult to reconcile this prevalence
of exposure with the observed sex differences in brain cancer
patterns in Australia. These have been roughly constant (in
mortality) since 1969 (the earliest records available) with females
having 57% lower mortality compared to males [14]. We know of
no data that show that women speak for about half as long on
mobile phones as men. This is a further counterfactual to the
hypothesis that mobile phone EMR causes brain cancer.

As concluded by post-IARC [1] international reviews [2,3], other
similar descriptive studies [4–8], and cohort studies [10,11] we
hypothesize that the observed increase in brain cancer in Australia
in older age groups is due to improved diagnostic acuity. Computed
tomography, magnetic resonance imaging and related techniques,
introduced in Australia in the late 1970s, are able to discern brain
tumours which could have otherwise remained undiagnosed [21].
It has long been recognised that brain tumours mimic several
seemingly unrelated symptoms in the elderly including stroke and
dementia (e.g. [22]), and so we postulate that their diagnosis had
been previously overlooked.

The causes of brain cancer are unknown but given current
evidence it is unlikely that the modest increases in brain cancer
observed in the older age groups can be attributed to the
widespread use of mobile phones. Large cohort studies are
underway [23], and they may shed further light on the health
effects of mobile phones. Ionising radiation causes DNA damage in
brain cells and it is thought that the latency between exposure and
cancer is about 5 or more years [8,24]. EMF radiation is non-
ionising, unlikely to be causing DNA damage directly and more
likely to affect cells at a later stage of carcinogenesis. For these
reasons, Little et al. argue that exposure to EMF radiation is more
likely to have a shorter latency [8,24], in which case the putative
effects on brain cancer incidence would have happened sooner
(and the number of expected cases would have been greater). Until
better laboratory information is available regarding the type of
damage EMF radiation actually causes in human brain cells,
assumptions around latency between EMF exposure and increased
risk of brain cancer remain speculative.

Morgan et al. [9] claim that “the latency reported between
known causes of brain cancer and development of the disease
appears to range from 10 to 50 years”. However they report results
of increased risks between 1 and 10 years post-use, which if true,
would imply latencies between mobile phone use and brain cancer
of below 10 years. Claims that insufficient years of exposure to
mobile phone radiation have yet occurred for the hypothesised
increases in cancer incidence to become manifest fail to account
for why there has been no observed rise in brain cancer in any age
group in Australia (this study and Ref. [5], nor in England [6], New
Zealand [4], and the Nordic countries [7]) across 25 years other
than in the most aged group, which we have discussed. Such a
hypothesis would require an induction time incidence profile
where there was no rise for 30 or more years, followed by a sudden
rise after that time. There are no precedents in cancer epidemiol-
ogy for such a profile. Induction times always will have a
distribution, and a risk would be expected to increase from the
minimum (earliest) induction time.
5. Conclusion

After nearly 30 years of mobile phone use in Australia among
millions of people, there is no evidence of any rise in any age group
that could be plausibly attributed to mobile phones.
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