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Recently an editorial in Oncology News
addressed the controversy over the possible
damaging effects of mobile phone radiation on

human health [1]. Since mobile phones give rise to
relatively high exposure to radiofrequency
electromagnetic fields (RF-EMF) and are currently
used by ~6 billion people, many of whom are
children and adolescents, even a small risk could
have significant public health implications for the
future. While RF-EMF does not have sufficient energy
to break chemical bonds like ionising radiation, at
least not directly, they can nevertheless have harmful
effects on biological tissues. The issue received much
attention last year when a WHO expert group was
assembled to evaluate the latest evidence of
relevance to carcinogenesis. 

IARC says possibly carcinogenic
Nine years after the classification of extremely low
frequency electromagnetic fields (ELF-EMF) from
overhead electric power lines as possibly
carcinogenic, the WHO International Agency for
Research on Cancer (IARC) again called for an
evaluation of the carcinogenic potential of non-
ionising radiation. This time the evaluation
considered RF-EMF – all sorts, thus not only those
from mobile phones. Leading experts from all over
the world met in Lyon in 2011 for a long (10-day)
workshop. Before the meeting, the relevant literature
consisting of several hundred scientific papers had
been summarised by appointed members of the
Working group according to instructions outlined by
IARC. Each manuscript had also been peer-reviewed
by members of the expert group in order to facilitate
discussions at the meeting. On May 31, after drafting
of the soon to be published monograph and having
completed a formal voting procedure, the IARC
workgroup announced its decision, which was to
classify RF-EMF as possibly carcinogenic to humans,
Group 2B [2]. This is one of 5 Groups that are used
for classifying the strength of evidence for a causal
relationship between exposure and disease, which
was supported by a large majority of the 30 experts.
Category 2B stands for “limited evidence of cancer in

humans and less than sufficient evidence in
animals”, and where “chance, bias or confounding
cannot be ruled out with reasonable confidence”. 

The main questions 
The current safety standard that regulates maximum
exposure to RF-EMF is based on the notion that only
exposure intensities that cause significant heating of
tissue – from absorption of the RF-EMF energy – can
be harmful. During recent years an increasing
number of experts have come to question this view as
evidence, suggesting that there might be other
relevant effects at play. There are two main questions
that researchers are trying to answer: first, whether
non-thermal RF-EMF exposure can cause biologically
harmful effects and thus increase the risk of disease,
e.g. cancer of the brain; and second, given that non-
thermal RF-EMF exposure can lead to detrimental
effects how, by what mechanisms does this exposure
cause the effects? The first question mainly concerns
the assessment of a causal relationship between
exposure and disease that usually requires
epidemiological studies. Although sometimes
criticised for its non-experimental nature, the
epidemiological approach has been successfully
applied in thousands of investigations in the past 50
years. However, as with all research studies, design
and execution is crucial if meaningful information is
to be retrieved and used in risk assessment. 

Mobile phones and risk of brain tumours
In the IARC evaluation, most of the evidence against or
in support of an association between RF-EMF and
increased risk of cancer came from case-control studies
[3-10]. Two sets of studies in particular were considered
to be of sufficient quality [7-9]. Both investigated the
risk of brain tumours – glioma, meningioma and
acoustic neuroma – in relation to use of wireless
phones. One was the multi-national case-control study
Interphone [7,9] and the other a pooled analysis of two
very similar studies carried out by a Swedish research
group [8], to which the author belongs. Among the
most frequent users of wireless phones risk for glioma
(particularly astrocytoma grades 3 and 4) was
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statistically significantly increased by 40-220% [7,8], i.e. with a relative
risk of 1.4-3.2 compared to those not exposed to wireless phones. It
should be noted that these studies covered use of wireless phones for
more than ten years when ‘heavy’ users were those who reported
talking on them ~30 minutes per day. Today that amount of use is
more like the average among adults as well as adolescents. 

Are the young at higher risk?
Children in particular generally absorb higher RF-EMF energy levels
than adults when using a wireless phone and might be more sensitive
to the exposure due to their developing nervous system. In addition
young people can expect a much longer lifetime exposure as
compared to adults that started using mobile phones later in life. If
studies were to show that RF-EMF from wireless phones is indeed
carcinogenic to humans, these are important aspects that will affect
the risk. Unfortunately data on children are scarce. To date only two
studies have reported information on risk in this age group. One set
of evidence comes from the author’s research group in Sweden and
from a study on 20-80 year olds, the same as referred to above [8].
When the risk in the study was analysed in the different age
categories for use of mobile and cordless phones, the highest risk was
found among glioma cases that reported first use before the age of 20.
The other set of evidence comes from an epidemiological study on
brain tumour risk among children and adolescents in association
with use of wireless phones [11]. According to some, that relatively
small study yielded reassuring results of no increased risk, i.e. risk of
glioma. My colleagues and I have written a commentary on the study
and its conclusions. If anything, the data in fact show an increased
risk [12]. The information certainly cannot be used as evidence
against an increased risk. Clearly further studies are urgently needed. 

Why all the attention to mobile phones?
Why is it then that mobile phones have received so much attention
– are there not other sources of RF-EMF that are just as common,
e.g., mobile base stations, microwave ovens, TV-transmitter towers,
wireless local area networks? There are, but few of those give rise to
such relatively high exposure as wireless phones (including both the
mobile and the cordless phone of the DECT type). The reason for
this is not only the output power, but also the fact that such phones
are used in close proximity to the head and the brain, which is
patently the main target organ. It should be noted, however, that
when using a wireless phone, exposure levels cannot be expected to
reach those leading to thermal-induced harmful effects. It follows
that, if exposure to RF-EMF through use of wireless phone increases
the risk of certain tumour diseases, then the mechanisms of action
would most likely not depend on heating of tissue, which brings us
back to the how question. Assuming that the epidemiological
findings are sufficiently sound and not due to methodological
shortcomings – such as recall error and selection for participation -
what then, if not heating, could explain how RF-EMF have
carcinogenic effects? There are a number of hypotheses, mainly
related to increased production of reactive oxygen species (ROS) and
effects on DNA and DNA-repair [13-15]. Although such evidence has
come to grow in recent years, the IARC expert group considered the
overall weight of evidence for such effects to be of less than
sufficient value [2]. 

Preconditions that hamper detection of an increased risk
Obviously the how question is relevant not only to mechanistic and
experimental animal studies but also to epidemiology. First, without
a clear understanding of the mechanisms behind a non-thermal
induced effect it is impossible to identify the importance of various
exposure characteristics (e.g. technical features of the phones and
the networks, anatomical features and habits of use), which makes
it difficult to estimate the ‘dose’. Consequently epidemiological
studies up to date have lacked an evidence-based exposure metric,
or proxy for such a metric, since it is practically impossible to
measure RF-EMF for all study participants throughout the study
period. Instead the most comprehensive proxy – number of
cumulative hours of phone use for conversation – has often been
used. Whether that metric is the most relevant one biologically

remains to be seen but it is nonetheless one that in epidemiological
studies has generated consistent evidence in support of an
association between long-term use of wireless phones and an
increased risk of head tumours. Second, because of the lack of
conjunctures about the processes that lead from exposure to disease,
endpoint selection (i.e. tumours of the brain) has been determined
solely based on the exposure during calls. Yet tumours in this region
are not unique entities. For example, the ICD-O differentiates about
100 intracranial tumours, which differ in origin, cell types, growth
pattern, clinical features and prognosis. Which of all these could be
affected by mobile phone use? Most of the early case-control studies
on the topic did not differentiate between tumour types in this detail.
Thus, the underlying hypothesis was that mobile phone exposure
would affect the risk for all tumours equally lumped together in large
groups. However, if the latter is a false assumption, i.e. there is an
increased risk, but only for certain types of tumour, that would
dilute the true risk. Hence the lack of mechanistic evidence and an
evidence-based exposure metric, as well as a good a priori reason to
select certain types of diseases that are homogenous enough to
support the assumption of a common aetiology, clearly do not
constitute the best of preconditions to detect an increased risk.
Nevertheless, the two largest studies [7,8] point to an increased risk
for glioma and acoustic neuroma, findings that according to the
IARC expert group cannot be dismissed as reflecting bias alone [2].
For further reading about the relevant studies and their scientific
quality, see Myung et al. [16].

Analytic epidemiology outweighs descriptive data – for now
Another expert committee has on somewhat dubious grounds
challenged the above conclusion by placing a strong emphasis on
incidence data [17]. This committee considered that, if the
increased risks seen in some case-control studies reflect a causal
relationship, there would already be an increase in incidence of
brain and central nervous system tumours, for which there seemed
to be little evidence. This belief is unfounded for two reasons. The
first relates to latent periods for glioma and acoustic neuroma
development, typically 10 to 40 years [18,19]. However, only few
studies have followed durations of exposure that exceed 10 years,
and then only for small subgroups from which there is insufficient
statistical power to detect an increased risk. Thus in most
investigations the exposure duration was incompatible with the
natural history of the disease for a tumour initiating effect to be
studied. An initiating effect is what would have the most direct
effect on the incidence. The other reason concerns the possibility of
an early effect on tumour development (promotion) and its
consequences on the increase in incidence that can possibly occur.
If the exposure acts as a promoter, this would decrease latency time
for already existing tumours, giving a temporary but not a
continuous increase in incidence. In addition it has to be pointed
out that any such early effect on tumour development is limited by
the magnitude of the shift of the age-incidence function and its
slope for the respective tumour type [20]. This latter fact and the
rather long latency for gliomas make the detection of any
statistically significant increase in incidence unlikely for the time
being [2] – even with top quality registers. 

Conclusion
Some epidemiological studies that yielded evidence of the risk of
brain tumours associated with long-term use of wireless phones
point to a consistent pattern of increased risk, which cannot be
explained by bias alone. This is the main reason why IARC has
recently classified RF-EMF as possibly carcinogenic to humans.
Moreover, the risk of glioma seems higher among those who
reported first use before the age of 20 and what little epidemiological
evidence there is of risk among children and adolescents certainly
gives no reassuring results. Nor is descriptive data on incidence
likely to provide meaningful information for the time being, and thus
should currently be of secondary importance to those based on
analytical epidemiology. Easy cost-effective precautionary measures
(e.g. to keeping calls short and always using a hands-free kit) ought
to be recommended.  n
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