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Health effects of 
radiofrequency 

electromagnetic energy
Mark Elwood, Andrew W Wood

Health professionals have to deal re-
sponsibly with many complex health 
issues on which diverse viewpoints 

are expressed, such as immunisation, fl uori-
dation, climate change and electromagnetic 
energy. On all of these topics a vast amount 
of scientifi c research has been done, from 
many disciplines. 

The New Zealand Medical Journal has 
recently published an individual viewpoint 
by Dr Susan Pockett1 on health issues of 
radiofrequency electromagnetic energy (RF). 
She cites various papers, from as far back 
as 1967 to 2016. How do we know if these 
are the best and most relevant studies? Are 
there other studies, and if so, do they agree 
with the ones cited? What is an appropriate 
balanced and objective interpretation of all 
this information?

The issue is similar to that of deciding 
on the best treatment for a condition, or 

assessing the latest claim for a dietary 
item. The only logical and objective way 
to do this is to consider all the relevant 
evidence, assess its quality and reliability, 
and base our conclusions on the balance of 
the available evidence, allowing that our 
opinions should change if future evidence 
justifi es it.

But on large and complex issues, we 
cannot realistically do that ourselves. The 
potential health effects of electromagnetic 
energy involve considerations of physics, 
cellular metabolism, animal experimen-
tation, human psychology, statistics and 
epidemiology. In each of these disciplinary 
areas there is a large scientifi c literature, 
with complex methods and often confl icting 
conclusions. To review this requires groups 
of expert scientists from different disci-
plines, independent of major confl icts of 
interest, to produced well-documented 
evidence-based reports.

ABSTRACT
The issues of real or suspected health e� ects of radiofrequency fields, produced by cellphones, their base 
stations and many other devices, are complex and controversial. We believe that the most balanced and valid 
assessments of these issues are given by the extensive reports produced by reputable, multidisciplinary, 
expert groups. These use the principles of a comprehensive review to assess all available published 
literature and form their conclusions by consideration of the strength of the evidence from the available 
studies. This paper provides links to several of these reports, and shows how others can be accessed. 
These reports are large and complex, but freely available on websites. We summarise the most recent New 
Zealand report, which itself refers to and summarises many other reports. The scientific literature on these 
issues is enormous, particularly in animal and laboratory studies. There are some comprehensive reviews 
of these, demonstrating that the quality of the studies is very variable, and that, for example, results 
claiming to show increased genetic damage or other biological e� ects are much more common in studies 
of low quality, whereas higher-quality studies predominantly show no significant e� ects. Thus, while there 
are many reports which in isolation suggest health e� ects, there is no consistent evidence supporting 
important health e� ects caused by low intensities of radiofrequencies similar to those experienced by the 
general population. There are certainly many unanswered questions, and new studies need to be assessed 
carefully and replicated where possible. Thus, expert groups in several countries including New Zealand 
need to continue to regularly review new studies.
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Comprehensive reviews available 
The good news is that this has been done, 

not once but many times, and not by one 
group, but by several groups in different 
countries. Most of these reports while highly 
technical in detail, have led to under-
standable summaries. To be responsible 
health professionals, we should rely on 
these resources. 

A few reports are noted in Table 1. Most 
of these are available on websites and, 
along with many others, are on the New 
Zealand Ministry of Health website (https://
www.health.govt.nz/our-work/environ-
mental-health/non-ionising-radiation/
research-non-ionising-radiation). In New 
Zealand, regular reviews are done by the 
Interagency Committee on the Health Effects 
of Non-Ionising Fields, whose 2018 report 
has an appendix listing many other reports.2 
The reports are from multidisciplinary 
expert groups in Australia, the European 
Community, France, the Netherlands, 
Sweden, Norway, the UK and Canada. The 
report from the International Agency for 
Research on Cancer (IARC) is particularly 
well-documented.3 Most have summaries in 
English and brief fact-sheets. Some reports 
highlight topics such as hypersensitivity, 
children’s health or cell phones and base 
stations. For example, the 2015 European 
Community report4 is a 288-page document 
citing about 800 scientifi c studies. It has 
a specifi c place in that report to record a 
‘minority opinion’ (page 228): there was 
none, showing unanimity from the 12 scien-
tists, from eight different countries, who 
prepared the report. 

The “weight of evidence” principle
All these major reviews depend on 

the “weight of evidence” principle. This 
requires accessing the relevant literature, 
selected in an unbiased way, assessing 
it objectively and considering its quality 
and relevance. This is the basic method of 
any informed assessment, and is applied 
systematically in clinical guidelines, profes-
sional standards, comprehensive reviews, 
good textbooks, and work such as that of 
the Cochrane collaboration;10 and in envi-
ronmental hazard assessments.11,12 Despite 
all this, Dr Pockett rejects this method, 
and does so with little understanding of it; 
she describes it as merely comparing the 
numbers of positive and negative studies, 

which is far from the detailed assessments 
of study quality and ‘risk of bias’, which are 
made in good reviews.

Thus, Dr Pockett’s ‘viewpoint’ is not based 
on an objective and balanced review of the 
topic, but depends only on selected study 
results. She presents no methodology; no 
rationale on how literature was searched, 
what literature was reviewed and why these 
particular studies are cited in preference 
to many others. The individual studies she 
cites could be discussed in detail, but that 
would be unhelpful, as the main issue is 
how these were chosen for inclusion, while 
on most topics there are many other and 
often more valid studies available. It is more 
helpful to summarise the results coming 
from balanced and objective reviews.

Range of e� ects
The most relevant health questions 

relate to whether exposures to radiofre-
quency energy (RF) increase the risk of 
human disease. This has been studied 
intensively, particularly for cancer but also 
for other diseases such as neurological 
diseases. Cognitive and psychological 
effects have also been studied, including 
claims of hypersensitivity, that is, whether 
certain individuals are more sensitive to 
RF. The methods most directly applicable 
to studying human diseases are epidemi-
ology, animal exposure experiments and 
tests of established cellular mechanisms, 
for example for carcinogenesis. For some 
short-term effects and hypersensitivity, 
human volunteer studies including double-
blind randomised experiments have been 
done. Laboratory cellular or molecular 
studies are even more numerous, but 
further from human disease in that they 
often assess a biological ‘effect’ which may 
not be related to a health issue.

Epidemiology
Epidemiology is the key science to assess 

disease causation in humans. Dr Pockett 
notes that there is no population group 
totally unexposed to electromagnetic energy, 
but this applies similarly to passive smoking, 
dietary issues, air pollution, noise and in fact 
most common exposures. To claim that this 
reduces epidemiology “to studying timelines 
and trying to draw correlative conclusions” 
(p. 97) suggests ignorance of epidemio-
logical methods; although curiously, she 
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Table 1: The latest New Zealand report, and some major multidisciplinary reports on radiofrequencies 
published since 2015.  Many others are described in the New Zealand report cited here. 

Date, ref Group Some conclusions, and websites

20185 Interagency 
Committee on the 
Health E� ects of 
Non-ionising Fields, 
New Zealand

Although studies into brain tumour risks associated with mobile 
phone use have found a small association in the heaviest users, 
the researchers acknowledge that this could simply reflect biases 
in the data. Animal studies do not suggest an e� ect of RF fields 
on cancer. Analysis of brain tumour registrations in relation to 
numbers of mobile phone subscriptions does not show any 
trends suggesting a link, but this could be due to long latencies 
or (more improbably) some other factor that is simultaneously 
acting to reduce brain tumours. Research published since the 
IARC classification tends to weigh against the possibility of any 
risk, but may just reflect the fact that exposures from the newer 
mobile phone technologies are much lower than those in use 
at the time most of the data used in the IARC evaluation was 
acquired. RF research is continuing in a number of areas, but data 
currently available provides no clear or persuasive evidence of 
any other e� ects. Recent data suggests that at some frequencies 
the margin of safety may not be quite as high as previously 
thought. This is not of immediate concern, as public exposures 
are normally, at most, only small fractions of the allowable limit 
and a considerable safety margin remains.
https://www.health.govt.nz/our-work/environmental-health/
non-ionising-radiation/research-non-ionising-radiation

20186 Swedish Radiation 
Safety Authority 
(SSM)

https://www.stralsakerhetsmyndigheten.se/en/publications/
reports/radiation-protection/2018/201809/
Previous reports 2016, 2015, 2014, 2013

20187 French Agency 
for Food, 
Environmental and 
Occupational Health 
and Safety (ANSES)

https://www.anses.fr/en/system/files/AP2011SA0150EN.pdf

Previous reports 2016, 2013

20168 Biological E� ects 
Policy Advisory 
Group, Institution 
of Engineering and 
Technology

http://www.theiet.org/factfiles/bioe� ects/emf-position-page.cfm

Previous reports 2014, 2012

20169 Health Council of 
the Netherlands, 
Electromagnetic 
Fields Committee 

https://www.healthcouncil.nl/documents/advisory-
reports/2016/06/01/mobile-phones-and-cancer-part-3-update-
and-overall-conclusions-from-epidemiological-and-animal-
studies
Previous reports 2014 (animal studies), 2013 (epidemiology)

20154 European 
Union Scientific 
Committee on 
Emerging and Newly 
Identified Health 
Risks (SCENIHR) 

http://ec.europa.eu/health/scientific_committees/emerging/
docs/scenihr_o_041.pdf
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is willing to cite epidemiological results 
where they support her viewpoint. She 
comments on time trend studies, but ignores 
detailed studies in both New Zealand13 and 
Australia14 which show no relationship 
between brain cancer incidence and the use 
of mobile phones, and are consistent with 
most international literature. 

Dr Pockett notes some of the case-control 
studies of brain tumours; here a main 
issue is the fi nding of substantial risks in 
the studies of Hardell et al,15 done only in 
Sweden, which contrast with the mainly 
negative results of the Interphone study.16,17 
This was much larger and more detailed, 
done in 13 countries, including New Zealand 
and Australia. Cell phone use was assessed 
by a questionnaire in both sets of studies; 
but in the Interphone study, this was exten-
sively tested, and compared with cell phone 
company records in several countries.18 
Extensive validation studies were done.19–21 
The studies also included detailed analyses 
of precise location of brain cancers in 
relationship to modelled dose estimates.22 
Such quality control steps were not used as 
extensively in the studies by Hardell et al. 
The Interphone study was carried out by 
the IARC, which is the most well recognised 
and authoritative organisation dealing with 
cancer issues. It has highlighted the risks of 
a great number of cancer-causing agents, 
many of which have powerful industry 
lobbies. In 2015, a remarkable paper by 
123 scientists in 16 countries examined 
criticisms of the IARC process, including 
issues of confl ict of interest, resulting in 
their support for the quality of the work.23 
The Interphone study cost about 19 million 
Euros, and received part (less than 30%) 
of its funding from the mobile phone 
industry. These funds were granted with 
an agreement containing specifi c clauses to 
protect the independence of the scientists, 
as is usual with research involving new 
technologies. In a similar way, Australia 
is supporting a program of peer-reviewed 
research on EMF issues, funded by a levy 
on telecommunications companies, but 
with the funds managed independently 
by the NHMRC (https://www.nhmrc.gov.
au/research-policy/research-priorities/
electromagnetic-energy-program).

Dr Pockett’s selective review ignores many 
important studies, eg, a large, independent 

and carefully conducted study of acoustic 
neuroma in Sweden,24 which supports the 
results of the Interphone study and confl icts 
with the studies of Hardell et al. Dr Pockett 
does not mention the prospective cohort 
studies, which have some methodological 
advantages over case-control studies, in 
particular not relying on voluntary consent 
to participate. The major studies are of 
personal phone subscribers in the whole of 
Denmark,25,26 and the ‘Million Women’ study 
in the UK;27 neither shows any increase in 
glioma or acoustic neuroma.

Whole-animal studies
Although Dr Pockett claims that little 

has been published, there is a great 
deal: a Netherlands report28 reviews 51 
papers on animal studies. These studies 
can assess exposures throughout the 
natural lifespan and even prenatally, with 
cancer frequencies from low to very high, 
depending on the animals used. To claim 
that rats only live two years and that may 
not be enough time to develop cancer, as 
Pockett does, shows a lack of knowledge of 
basic animal studies, since the relationship 
between rat, mice and human age is well 
researched.29,30 The issue again is the lack 
of consistent evidence. Recently, the most 
extensive studies yet have shown some 
possible cancer increases in male rats 
with lifelong exposure, but with no similar 
increases in female rats or in male or female 
mice (https://ntp.niehs.nih.gov/results/areas/
cellphones/index.html). 

Laboratory studies
The issues of RF involve in vitro and in 

vivo experimental work, exploring geno-
toxic effects, cell proliferation and apoptosis, 
gene expression, stress responses and heat 
shock proteins, membrane effects, intra-
cellular signalling effects and effects of 
proteins.31 Low-level exposures and possible 
non-thermal mechanisms have been 
explored. While questions and hypotheses 
abound, consistent evidence for any detri-
mental health effect is lacking. Dr Pockett 
discusses some of these, citing a selection of 
mainly positive studies. The area is notable 
in the inconsistency and variable quality 
of the studies, so a more careful approach 
is needed. A recent comprehensive review 
of published studies from 1990 to 2017 on 
genetic damage in mammalian cells iden-
tifi ed 225 publications showing 2,160 tests.32 
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Four objective measures of quality of study 
were applied, dealing with blind evaluation, 
adequate dosimetry, non-exposed controls 
and positive controls. The results showed 
that ‘positive’ results and the size of the 
effect reported depended on the quality of 
the study, with positive effects and larger 
effects being seen much more frequently in 
low-quality studies. As shown in Figure 1, 
of 67 studies with zero or only one quality 
control measure, 50% gave positive results, 
ie, reported a signifi cant increase in genetic 
damage. Of 79 studies meeting all four 
quality criteria, only 9% gave positive results 
while 73% showed no signifi cant effect, the 
other 18% giving mixed results. Results based 
on the sizes of effects reported show a similar 
pattern. Moreover, there was clear publi-
cation bias, with large studies centring on no 
effect, while small studies were much more 
likely to be published if they gave positive 
results. A review of 104 papers reporting 
on 483 experiments dealing with cell prolif-
eration or apoptosis also showed that 
positive results were a feature of low-quality 
studies.33 Reviews of the studies used in the 
AGNIR review,34 and the European review4 
yielded similar conclusions.31 So while some 
well-conducted studies show biological 

effects which need to be considered care-
fully, the literature as a whole may be quite 
misleading if considered uncritically.

Given the range of results shown in Figure 
1, and similar patterns for other types of 
study, we suspect Dr Pockett’s viewpoint 
is based on selecting studies at least in 
part because they show effects. This may 
be appropriate to raise concerns or create 
hypotheses for testing; but it is not a valid 
basis for making conclusions and recom-
mendations. Dr Pockett says she knows of 
no published evidence that many studies 
showing harmful effects of RF are less 
than credible, but these reviews contradict 
that. The poor quality and reproducibility 
of studies has contributed to the public 
concerns on these issues.35 

Public exposures
Contrary to Dr Pockett’s claims, there 

is a lot of information on public levels of 
exposure to RF. Population-based surveys 
of RF exposure have been done, mainly 
in Europe,36,37 also in the US,38 and with 
special attention to exposures in children,39 
and exposures from cell phones and base 
stations.40 In New Zealand, measurements 
have been made around several hundred 

Figure 1: Results of 225 studies on genetic damage in mammalian cells, published 1990–2017, showing 
percentage showing increased genetic damage, or no signifi cant effect, ordered by quality of study from 
0 (low) to 4 (high). Remaining studies showed mixed effects or decreased damage.32 
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cellsites in New Zealand; the operators are 
not informed when the monitoring will 
take place, and generally have no say in the 
sites selected for monitoring. At most sites, 
the highest exposure is less than 1% of New 
Zealand exposure standard, and exposures 
are rarely more than a few percent of the 
limit (https://www.health.govt.nz/our-work/
environmental-health/non-ionising-radi-
ation/independent-cellsite-monitoring). 
None has exceeded the limit in publicly 
accessible areas, although some instances of 
over-exposure of workers near high-power 
antennas have occurred. In some countries 
such as Australia, addresses can be searched 
to show cell phone sites (https://www.rfnsa.
com.au/?fi rst=1)

Guidelines and standards 
Radiofrequency technologies have been 

used since early in the 20th century, and 
possible effects of radio and television 
broadcasting, and radar, were studied exten-
sively even before mobile phones arrived. A 
basic principle is the precautionary strategy 
of using exposure levels as low as possible, 
and this is specifi cally incorporated in the 
New Zealand standard. 

Guidelines for exposure limits have 
been set by national and international 
groups, composed predominantly of scien-
tifi c experts, and their reports include 
detailed discussions of the scientifi c 
evidence. Standards cited in regulations 
are legal documents, so are more formal. 
The relevant regulatory document for RF 
in New Zealand is under the Resource 
Management Act (Resource Management 
(National Environmental Standards for 
Telecommunication Facilities) Regulations 
2016). This cites NZS 2772.1 as the standard. 
The standard itself is a technical document 
that relies on the interpretation of scientifi c 
evidence found in ICNIRP 1998 guidelines41 
(http://www.icnirp.org/cms/upload/publi-
cations/ICNIRPemfgdl.pdf), which were 
reassessed and confi rmed in 2009 and 
201742,43 (http://www.icnirp.org/cms/upload/
publications/ICNIRPStatementEMF.pdf ). The 
ICNIRP conclusions have been supported by 
the other major reviews noted earlier.

Conclusions
The possible health effects of RF have been 

studied intensively for many years, and 
many high-quality expert multidisciplinary 
evidence-based reviews are available. These 
are a much better source of guidance than 
the viewpoint of Dr Pockett, which appears 
to be based on a selective view of a small 
fraction of the available literature. The 
standards regulating public exposure in 
New Zealand are similar to those in most 
other countries, and based ultimately on the 
reviews of the scientifi c evidence. The stan-
dards show maximum exposure limits that 
cannot legally be exceeded, while typical 
exposure levels are usually much lower. 
The standards require also a precautionary 
approach, minimising exposure to what is 
required for the application to work.

There are many studies showing biological 
effects of low dosages of RF, but these are 
often of low quality and inadequately repli-
cated. Many of these effects are of interest 
physiologically, while their relevance to 
human health is unknown or doubtful. 
The laboratory and animal studies show 
no consistent health effects. The epidemi-
ological studies also show no consistent 
evidence of health risks. Studies showing 
possibly harmful effects are important and 
need careful assessment and often further 
research, and this area of research needs to 
be updated regularly as new information 
becomes available. This is being done and 
will continue. Individual views will differ and 
may be strongly felt: but, as with Dr Pock-
ett’s viewpoint, these may depend on a very 
selective reading of the available science. 

Doctors will frequently be asked ques-
tions about this issue. While no short 
summary can do justice to this complex 
area, useful summaries are available 
from reputable sources such as the World 
Health Organization (https://www.who.int/
news-room/fact-sheets/detail/electromagnet-
ic-fi elds-and-public-health-mobile-phones), 
and New Zealand sources (https://
www.healthed.govt.nz/resource/
radiofrequency-fi elds).
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