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In this background document to the advisory report 5G and health, drafted 

by the Electromagnetic Fields Committee of the Health Council of the 

Netherlands, chapter 2 contains the search strategies used by the 

committee for the different topics. In chapter 3 the in- and exclusion 

criteria of the WHO are presented. In chapter 4 the committee gives an 

overview of the relevant publications on diseases and conditions, and in 

chapter 5 of the relevant publications on biological processes.
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The committee used the following search strategies.

2.1 Frequencies 700 MHz – 5.0 GHz
2.1.1 Cancer
Epidemiological studies since 2015
PubMed: cancer AND epidemiology AND mobile phone AND 

(“2015/01/01”[Date - Entrez] : “3000”[Date - Entrez]); search  

date 19-03-2020.

EMF Portal: Keyword: cancer; Epidemiological studies, Radio frequency 

(>10 MHz) and Mobile communications, Complete time span; search  

date 19-03-2020.

Experimental studies since 2015
PubMed: (microwaves[MeSH Terms] OR extremely high frequency radio 

waves[MeSH Terms] OR radio waves[MeSH Terms] OR cellular 

phone[MeSH Terms] OR telephone, cellular[MeSH Terms] OR ((Base 

station OR antenna) AND radiofrequency) OR mobile phone* OR cellular 

phone* OR cellular telephone* OR radiofrequenc* OR radio wave* OR 

radio-waves OR cellphone* OR cell phone* OR cellular *phone* OR 

mobile phone* OR microwave OR radiofrequency OR cell phone OR 

mobile phone OR umts OR gsm OR MHz OR ultra*wideband* OR 

wireless phone* OR millimeter*wave*) AND (animal OR rat OR mouse OR 

rats OR mice OR murine OR in vivo) AND (cancer OR carcinogenesis) 

NOT (ultrasound OR sound OR hyperthermia OR ablation OR imaging 

OR therap*) AND (“2015/07/30”[Date - Entrez] : “2020/03/19”[Date - 

Entrez]); search date 19-03-2020.

EMF Portal: Keyword: cancer; Experimental studies; Radio frequency 

(>10 MHz) and Mobile communications; Complete time span; search  

date 19-03-2020.

2.1.2 Non-cancer effects
Draft WHO review on health effects of RF EMF1 and reports of the 

Swedish Radiation Safety Authority.2-4

2.2 Frequencies in the 3.5 GHz band
2.2.1 All effects
Epidemiological studies
EMF Portal: Keywords: WiFi or GHz; Epidemiological studies; 

Radiofrequency and Mobile communications; Complete time span; 

search date 19-03-2020.

Experimental studies
EMF Portal: Keywords: WiFi or GHz; Experimental studies; 

Radiofrequency and Mobile communications; Complete time span; 

search date 19-03-2020.
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Non-cancer effects
Draft WHO review on health effects of RF EMF 1 and reports of the 

Swedish Radiation Safety Authority.2-4

2.3 Frequencies >20 GHz
Epidemiological studies
PubMed: (millimeter*wave* OR millimetre*wave* OR terahertz OR THz 

OR radar) AND (epidemiol*) NOT (ultrasound OR sound OR acoustic  

OR ablation OR imaging OR therap* OR spectroscopy); search date: 

20-03-2020.

EMF Portal: Keyword: Radar; Epidemiological studies; Radiofrequency 

and Mobile communications; Complete time span; search date 20-03-2020.

Experimental studies
PubMed: (((millimeter*wave* OR millimetre*wave* OR terahertz OR THz) 

AND (animal OR rat OR mouse OR rats OR mice OR murine OR in vivo 

OR human) NOT (ultrasound OR sound OR acoustic OR ablation OR 

imaging OR therap* OR spectroscopy))); search date:19-03-2020.

2.4 Non-cancer effects, all frequencies (update 2019-2020)
(microwaves[MeSH Terms] OR extremely high frequency radio 

waves[MeSH Terms] OR radio waves[MeSH Terms] OR cellular 

phone[MeSH Terms] OR telephone, cellular[MeSH Terms] OR ((base 

station OR antenna) AND radiofrequency) OR mobile phone* OR cellular 

phone* OR cellular telephone* OR radiofrequenc* OR radio wave* OR 

radio-waves OR cellphone* OR cell phone* OR cellular *phone* OR 

mobile phone* OR microwave OR radiofrequency OR cell phone OR 

mobile phone OR umts OR gsm OR MHz OR ultra*wideband* OR 

wireless phone* OR millimeter*wave*) AND (animal* OR rat OR rats OR 

mouse OR mice OR murine) NOT (“in vitro”[Publication Type] OR “in 

vitro”[All Fields] OR cells, cultured OR DNA/analysis OR Diagnostic 

Techniques OR light OR ultraviolet OR ultrasound OR sound OR acoustic 

OR ablation OR imaging OR therap*)AND (“2019/01/01”[Entrez Date] : 

“2019/12/31”[Entrez Date]); search date 28-02-2020.

EMF Portal: Experimental studies; Radiofrequency and Mobile 

communications; Complete time span, selected: 2019 studies; search 

date 28-02-2020.

2.5 Other sources, all frequencies
A recent review by Simkó and Mattsson.5

A recent report of ANSES (Agence nationale de sécurité sanitaire de 

l’alimentation, de l’environnement et du travail from France).6
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Copied from WHO (2014).1 The reports of the Swedish Radiation Safety 

Authority use the same criteria.2-4

3.1 Quality criteria for inclusion of papers in the 
Monograph

In order to be able to draw conclusions from a study, it is imperative that it 

complies with certain requirements regarding design and methodology 

and that sufficient information is provided to document the compliance. 

Inclusion criteria based on such quality requirements were specified a 

priori for the different types of studies. Papers that did not comply with one 

or more of these criteria, or for which this could not be determined, are not 

included in the analysis, but are listed at the end of the relevant section 

with a motivation for the exclusion. The inclusion criteria are: 

Epidemiological studies

• The study base is identified (i.e. the population intended for inclusion

was identified, eligible participants were either the whole population or

a randomly selected sample, either through sampling from the whole

study base, or through a method that allowed assessment of the

representativity of the participants. Cross-sectional or case-control

studies with self-selection of participants from an unidentified study

base, e.g. through advertisement, are excluded). Sufficient information

is provided for an appropriate judgment of all items specified for

inclusion, e.g. the paper provides information about the source of study

subjects (study base), and how subjects were selected for inclusion.

• Proper denominators are used for calculations of prevalence/incidence

in a descriptive or incidence study.

• At least two levels of exposure are considered (except in incidence time

trend studies)

• Relevant statistical analysis is performed.

Volunteer studies

• The exposure conditions are blinded to the participants and sufficient

information is provided to assess this.

• The study includes at least two exposure levels, whereof one could be

a sham exposure, under otherwise similar conditions. Standby mode of

a mobile phone is not regarded as RF exposure, so any study that used

a mobile phone in standby mode as the only source of exposure is

excluded.7

• The exposure levels are sufficiently controlled and documented.

Sufficiently controlled means that the output power of the exposure

source is fixed or recorded (e.g. a mobile phone in talk mode without

level control is not sufficiently controlled). Sufficiently documented

means that SAR or other relevant exposure measures, such as power

density or electric field, and methods for determining the actual quantity

are provided. For volunteers studies it is also sufficient if output power

together with geometrical information about exposure setup are

described.
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• Exposures were not given in fixed order.

• A relevant statistical analysis has been performed when this is needed

to conclude on statistical significance.

Animal studies

• The study includes at least two exposure levels, one of which being

sham exposure, with otherwise similar conditions. Standby mode of a

mobile phone is not regarded as RF exposure, so any study that used

a mobile phone in standby mode as the only source of exposure is

excluded.

• There is relevant statistical analysis when this is needed to conclude

on statistical significance.

• The exposure levels are sufficiently controlled and documented.

Sufficiently controlled means that the output power of the exposure

source is fixed or recorded (e.g. a mobile phone in talk mode without

level control is not sufficiently controlled). Sufficiently documented

means that SAR or other relevant exposure measures, such as power

density or electric field, and methods for determining the actual quantity

are provided.

• Exposures were not given in fixed order.

In vitro studies

• The study includes at least two exposure levels, one of which being

sham exposure, with otherwise similar conditions. Standby mode of a

mobile phone is not regarded as RF exposure, so any study that used 

a mobile phone in standby mode as the only source of exposure is 

excluded.

• There is relevant statistical analysis when this is needed to conclude on

statistical significance.

• The exposure levels are sufficiently controlled and documented.

Sufficiently controlled means that the output power of the exposure

source is fixed or recorded (e.g. a mobile phone in talk mode without

level control is not sufficiently controlled). Sufficiently documented

means that SAR or other relevant exposure measures, such as power

density or electric field, and methods for determining the actual quantity

are provided.

• The biological assay has been properly carried out.

• The number of independent experiments is sufficient (3 or more).

3.2 Quality assessment of papers included in the 
Monograph

All papers included in the Monograph were fully assessed. Assessment 

criteria were developed mainly based on recognised recommendations 

and checklists for what to include in the reports of the respective study 

types. For all study types, the following main issues should be assessed 

for each individual study:

• statistical precision/statistical power (width of confidence intervals

when provided, primarily study size);
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• consistency and plausibility of results and, when relevant, dose-

response relation;

• potential bias;

• indirectness (reduced validity in relation to such as study population, 

exposure, time lag between exposure and outcome assessment,  

and endpoints).

For each of the study types more specific assessment criteria were 

specified.

Epidemiological studies

The quality criteria for epidemiological studies were elaborated mainly 

based on recommendations in STROBE, which is an initiative to 

strengthening the reporting of observational studies in epidemiology 

(www.strobe-statement.org). STROBE does not make quality 

assessments, but provides a checklist with items that are important to 

include in reports of observational studies. Important items for adequate 

reporting are also of importance for assessment of study quality and 

evaluation of the findings. Other quality assessment scales were also 

discussed and taken into consideration when elaborating the quality 

criteria, e.g. GRADE (www.gradeworkinggroup.org) and the Newcastle-

Ottawa Scale (www.ohri.ca/programs/clinical_epidemiology/oxford.asp). 

These scales were, however, judged to be too superficial and technical 

and would miss essential quality aspects if applied on their own.  

For the GRADE system the main limitation was that it has been developed 

to assess clinical trials and interventions, and is therefore less suitable for 

observational studies of potential risk factors for disease.

Potential biases from the following sources was assessed: 

• selection bias (likelihood of inclusion of eligible cases and controls 

(state source of control selection), successful follow-up in cohort 

studies (should not be related to exposure) (NB: selection bias can also 

occur as internal missing data);

• outcome misclassification (detection bias, nocebo);

• exposure assessment and categorization (choice of cut-points);

• non-differential exposure misclassification;

• differential exposure misclassification (recall bias) – can also occur as 

differential completeness of reporting, observer bias;

• reverse causation (including also prodromal effects);

• confounding;

• statistical methods;

• internal consistency, external consistency/validity, dose-response. 

Volunteer studies

For volunteer studies the CONSORT statement and checklist for trials8 

was the main source for developing quality assessment criteria and in 

addition the Gold Standard Publication Checklist was used, which is 

targeted at experimental animal studies.9 Some adjustments, mostly by 
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adding criteria, were done to adapt to the specific conditions of volunteer 

studies with RF EMF exposure.

Potential biases from the following sources were assessed:

• study design (randomization, counterbalance, habituation sessions);

• design of exposure sessions (adaptation periods, time between

exposures);

• blinding;

• background exposure (particularly important with low exposure levels

and in studies including participants with IEI-EMF);

• artefacts (e.g. RF EMF signals interference with recording equipment,

heat generated by exposure equipment);

• effects of other factors (exposures and conditions before and during

sessions);

• confounding factors in between-group analyses;

• statistical methods;

• dropouts or exclusion of participants or of individual outcomes;

• deviations from predefined protocol.

Concerning indirectness, the following was assessed:

• the characteristics of exposure used in studies with IEI-EMF

participants deviated from that reported by the participants to cause

symptoms.

Animal studies

The criteria for the quality assessment of animal studies were based on 

the Gold Standard Publication Checklist:9

• proper dosimetry;

• proper statistical analysis;

• sufficient group size;

• blinding of exposure and analysis.

In vitro studies

The quality assessment of in vitro studies has primarily applied criteria 

suggested for toxicological investigations. Some adjustments were done 

to take into account the issues related to RF EMF exposure:10,11

• proper dosimetry;

• proper temperature control;

• sufficient number of independent experiments;

• appropriateness of cell types vs. the endpoint investigated;

• proper statistical analysis.
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In the tables in this and the next chapter a distinction has been made 

between studies in which an unfavourable effect on health has been 

observed, studies with a favourable health effect, studies with both 

favourable and unfavourable effects, studies with an effect that is not 

clearly favourable or unfavourable, and studies in which no effect of 

exposure to radiofrequency electromagnetic fields has been observed.  

In some studies, multiple endpoints have been investigated. Even if in 

such cases an effect, however large or small, has been observed for only 

one endpoint, the study has been categorized into one of the effect 

categories. Some studies have investigated more than one frequency,  

and are therefore reported under more than one frequency band.

The studies have been independently assessed by two experts on the 

basis of the short summaries from the WHO and SSM reports and the 

abstracts of the papers for the more recent publications. Agreement has 

been sought on the classification for each type of study (epidemiological, 

human or animal experimental). When such agreement could not be 

obtained, the opinion of a third expert has been decisive. The overall 

judgement on the classification of each disease/condition or biological 

process as presented in table 1 in the main advisory report has then  

been given by the entire committee.

Some studies do not comply with minimal quality criteria and have 

therefore been excluded from the analysis. The inclusion criteria drafted 

by the WHO, as presented in chapter 2 of this background document, 

have been used for this pupose.1 Also some epidemiological studies on 

radar workers have been excluded, either because the frequencies  

of the radar systems were outside the ranges considered in this analysis, 

or because the used frequencies were not indicated in the studies.  

All excluded studies have been listed in separate tables.

4.1 Cancer
Cancer includes all malignant neoplasms. In addition to the studies 

included in previous reports, the committee has taken 25 more recent 

studies into account in the current report, see table 1.

Table 1. Numbers of publications on the relation with cancer, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 

19 epidemiological
4 experimental animals

No publications 2 epidemiological 14 epidemiological

700-2200 MHz
Since the publication in 2016 of the Health Council report on mobile

phones12, 19 epidemiological and 4 experimental animal studies on the

relation between exposure to electromagnetic fields with frequencies

between 700 and 2200 MHz and the incidence of cancer have been

published. Thirteen epidemiological studies do not show an association,

5 show an unfavourable association (an increased risk for salivary gland
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tumours, brain tumours, thyroid cancer, breast cancer and leukaemia)  

and 1 a favourable association (a decreased risk of pituitary tumours). 

One animal study shows no effect on implanted brain tumours, 1 study 

shows an unfavourable effect on cardiac schwannomas, brain tumours 

and adrenal tumours, 1 study shows an unfavourable effect on cardiac 

schwannomas and 1 study shows a favourable effect (delayed growth of 

implanted tumour cells).

Table 2. Publications on the relation with cancer in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Vila et al. (2018)13 Epidemiology case-control Mobile telephone No association

Luo et al. (2019)14 Epidemiology case-control Mobile telephone No association

Al-Qahtani (2016)15 Epidemiology case-control Mobile telephone Unfavourable association / higher risk

Balekouzou et al. (2017)16 Epidemiology case-control Mobile telephone Unfavourable association / higher risk

Shresta et al. (2015)17 Epidemiology case-control Mobile telephone Favourable association / lower risk

Sato et al. (2017)18 Epidemiology cross-sectional Mobile telephone No association

Satta et al. (2018)19 Epidemiology case-control Base station No association

Dabouis et al. (2016)20 Epidemiology cohort Radar No association

Degrave et al. (2009)21 Epidemiology cohort Radar Unfavourable association / higher risk

Kim et al. (2015)22 Epidemiology incidence Not specified No association

Sato et al. (2016)23 Epidemiology incidence Not specified No association

Chapman et al. (2016)24 Epidemiology incidence Not specified No association

Gonzalez-Rubio et al. (2017)25 Epidemiology incidence Not specified No association

Karipidis et al. (2018)26 Epidemiology incidence Not specified No association

Keinan-Boker et al. (2018)27 Epidemiology incidence Not specified No association

Nilsson et al. (2019)28 Epidemiology incidence Not specified No association

Natukka et al. (2019)29 Epidemiology incidence Not specified No association

Carlberg et al. (2016)30 Epidemiology incidence Not specified Unfavourable association / higher risk

Hardell & Carlberg (2017)31 Epidemiology incidence Not specified Unfavourable association / higher risk

Smith-Roe et al. (2019)32 Animal 900 and 1900 MHz, GSM and CDMA No effect

NTP (2018)33 Animal 900 and 1900 MHz, GSM and CDMA Unfavourable effect / higher risk

Falcioni et al. (2018)34 Animal 1800 MHz GSM Unfavourable effect / higher risk

Kryukova et al. (2016)35 Animal 1000 MHz Favourable effect / lower risk
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2.2-5.0 GHz
Frequencies around 2.5 GHz have been included in the reports on mobile 

phones and cancer.12, 36 These frequencies have been used in a number of 

animal studies, but have not been investigated in epidemiological studies. 

Since 2015 no new studies have been published.

20-40 GHz
Two epidemiological studies have been found on people working with

or near radar equipment. In 1 study no association with the incidence of

cancer has been observed, in the other an increased risk was found.

Table 3. Publications on the relation with cancer in the frequency 
range 20-40 GHz

Reference Type of study Source of exposure Effect
Baumgard-Elms et al. 
(2002)37

Epidemiology case-control Radar No association

Finkelstein (1998)38 Epidemiology cohort Radar Unfavourable 
association / higher risk

Excluded
Table 4. Excluded publications on the relation with cancer 

Epidemiological studies Reason for exclusion
Lester & Moore (1982)39 Ecological study

Polson & Merritt (1985)40 Ecological study

Garland et al. (1987)42 Non-specified radar

Hayes et al. (1990)41 Non-specified radar

Garland et al. (1990)43 Non-specified radar

Hardell et al. (1998)44 Non-specified radar

Smulevich et al. (1999)45 Non-specified radar

Stang et al. (2001)46 Non-specified radar

Groves et al. (2002)47 Non-specified radar

Møllerløkken & Moen (2008)48 Radar frequencies outside ranges (9.1-9.4 GHz)

Peleg et al. (2018)49 Case series 

Shen et al. (2018)50 Case series , no use of mobile phone

Sato et al. (2019)51 Model study

Olsson et al. (2019)52 Only survival within case series

Conclusion
In previous reports the committee concluded that an association between 

long-term and frequent use of mobile phones and an increased risk of 

tumours in the head and neck region cannot be proven, but can also not 

be excluded. The recent epidemiological studies in the frequency range 

700-2200 MHz do not lead to a different conclusion. Animal experiments

provide limited indications that exposure to radiofrequency

electromagnetic fields may have an effect on the induction of tumours or

promotion of their growth. No statement is possible for the frequency

range 20-40 GHz.
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4.2 Symptoms
Some people attribute a number of symptoms to exposure to 

electromagnetic fields; examples are headache, insomnia, concentration 

problems, tinnitus and skin rashes. They consider themselves 

‘electrosensitive’. For some of these people, their symptoms result in 

severe negative consequences for their functioning. The committee has 

taken 64 studies into account that investigate the relation between 

exposure to radiofrequency electromagnetic fields and the occurrence of 

symptoms, both in people that consider themselves ‘electrosensitive’  

as in people that don’t do that, see table 5.

Table 5. Numbers of publications on the relation with symptoms, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
28 epidemiological
36 experimental humans

1 epidemiological No publications 20 epidemiological
19 experimental humans

700-2200 MHz
In 28 epidemiological studies it has been investigated whether the use of

a mobile phone or living in the vicinity of a base station (and in some

studies the associated exposure to electromagnetic fields) is associated

with reported symptoms. In 10 of these studies no association was

observed and 18 studies found an unfavourable association.

In experimental studies only symptoms that occur during or shortly after 

exposure can be investigated. In 35 of the 36 human experimental studies 

no effect of exposure to electromagnetic fields on the occurrence of 

symptoms has been observed. This is the case for both healthy adults  

and children, and for people that consider themselves ‘electrosensitive’.  

In 1 study a favourable effect was observed (increased calmness).
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Table 6. Publications on the relation with symptoms in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Mohler et al. (2012)53 Epidemiology cohort Mobile telephone No association
Cho et al. (2016)54 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Schoeni et al. (2017)55 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Frei et al. (2012)56 Epidemiology cross-sectional Mobile telephone No association
Chia et al. (2000)57 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Wilén et al. (2003)58 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Söderqvist et al. (2008)59 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Heinrich et al. (2010, 2011)60, 61 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Sudan et al. (2012)62 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Redmayne et al. (2013)63 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Chiu et al. (2014)64 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Zheng et al. (2015)65 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Cho et al. (2016)66 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Stalin et al. (2016)67 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Durusoy et al. (2017)68 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Frei et al. (2012)56 Epidemiology cohort Base station Unfavourable association / higher risk
Mohler et al. (2012)53 Epidemiology cohort Base station Unfavourable association / higher risk
Baliatsas et al. (2016)69 Epidemiology cohort Base station Unfavourable association / higher risk
Schoeni et al. (2016)70 Epidemiology cohort Base station Unfavourable association / higher risk
Thomas et al. (2008)71 Epidemiology cross-sectional Base station No association
Berg-Beckhoff et al. (2009)72 Epidemiology cross-sectional Base station No association
Frei et al. (2012)56 Epidemiology cross-sectional Base station No association
Mohler et al. (2012)53 Epidemiology cross-sectional Base station No association
Baliatsas et al. (2015)73 Epidemiology cross-sectional Base station No association
Schoeni et al. (2016)70 Epidemiology cross-sectional Base station No association
Martens et al. (2017)74 Epidemiology cross-sectional Base station No association
Hutter et al. (2006)75 Epidemiology cross-sectional Base station Unfavourable association / higher risk
Heinrich et al. (2010, 2011)60, 61 Epidemiology cross-sectional Base station Unfavourable association / higher risk
Durusoy et al. (2017)68 Epidemiology cross-sectional Base station Unfavourable association / higher risk
Mann & Röschke (1996)76 Experimental humans adults Mobile telephone No effect
Borbély et al. (1999)77 Experimental humans adults Mobile telephone No effect
Huber et al. (2000, 2003)78, 79 Experimental humans adults Mobile telephone No effect
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Reference Type of study Source of exposure Effect
Koivisto et al. (2001)80 Experimental humans adults Mobile telephone No effect
Tahvainen et al. (2004)81 Experimental humans adults Mobile telephone No effect
Curcio et al. (2005)82 Experimental humans adults Mobile telephone No effect
Loughran et al. (2012)83 Experimental humans adults Mobile telephone No effect
Fritzer et al. (2007)84 Experimental humans adults Mobile telephone No effect
Cinel et al. (2008)85 Experimental humans adults Mobile telephone No effect
Kleinlogel et al. (2008)86 Experimental humans adults Mobile telephone No effect
Johansson et al. (2008)87 Experimental humans adults Mobile telephone No effect
Curcio et al. (2009)88 Experimental humans adults Mobile telephone No effect
Schmid et al. (2012)89 Experimental humans adults Mobile telephone No effect
Schmid et al. (2012)90 Experimental humans adults Mobile telephone No effect
Spichtig et al. (2012)91 Experimental humans adults Mobile telephone No effect
Lustenberger et al. (2013)92 Experimental humans adults Mobile telephone No effect
Vecsei et al. (2013)93 Experimental humans adults Mobile telephone No effect
Verrender et al. (2016)94 Experimental humans adults Mobile telephone No effect
Verrender et al. (2018)95 Experimental humans adults Mobile telephone No effect
Lowden et al. (2019)96 Experimental humans adults Mobile telephone No effect
Croft et al. (2010)97 Experimental humans children Mobile telephone No effect
Choi et al. (2014)98 Experimental humans children Mobile telephone No effect
Hietanen et al. (2002)99 Experimental humans electrosensitive Mobile telephone No effect
Rubin et al. (2006)100 Experimental humans electrosensitive Mobile telephone No effect
Wilén et al. (2006)101 Experimental humans electrosensitive Mobile telephone No effect
Oftedal et al. (2007)102 Experimental humans electrosensitive Mobile telephone No effect
Nam et al. (2009)103 Experimental humans electrosensitive Mobile telephone No effect
Lowden et al. (2011)104 Experimental humans electrosensitive Mobile telephone No effect
Kwon et al. (2012)105 Experimental humans electrosensitive Mobile telephone No effect
Verrender et al. (2018)95 Experimental humans electrosensitive Mobile telephone No effect
Danker-Hopfe et al. (2010)106 Experimental humans adults Base station No effect
Augner et al. (2009)107 Experimental humans adults Base station Favourable effect / lower risk
Riddervold et al. (2008)108 Experimental humans children Base station No effect
Regel et al. (2006)109 Experimental humans electrosensitive Base station No effect
Eltiti et al. (2007)110 Experimental humans electrosensitive Base station No effect
Leitgeb et al. (2008)111 Experimental humans electrosensitive Base station No effect
Furubayashi et al. (2009)112 Experimental humans electrosensitive Base station No effect
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2.2-5.0 GHz
In 1 observational study an association was observed (in 1 of the 57 

subjects) between the occurrence of symptoms and exposure to 

electromagnetic fields.

Table 7. Publications on the relation with symptoms in the frequency range 2.2-5.0 
GHz

Reference Type of study Source of exposure Effect
Bolte et al. (2019)113 Observational humans 

electrosensitive
Base station Unfavourable effect / 

higher risk

Excluded
Table 8. Excluded publications on the relation with symptoms

Epidemiological studies Reason for exclusion
Robinette et al. (1980)114 No correction for bias

Cao et al. (2000)115 No information on selection of participants and participation rates; phone user group has much higher income, more smoking and drinking than control group

Santini et al. (2001)116 No information on selection of participants and participation rates

Navarro et al. (2003)117 Study population not defined

Santini et al. (2002)118 Study population not defined; exposure measure is self-estimated distance to base station

Santini et al. (2003)119 Study population not defined; exposure measure is self-estimated distance to base station

Al-Khlaiwi & Meo (2004)120 Study population not defined

Wilén et al. (2004)121 No information on selection of participants and participation rates

Balikci et al. (2005)122 No information on exposure assessment, symptom questions or procedures for selection of participants or participation rates

Meo & Al-Drees (2005)123 No information on exposure assessment, symptom questions

Abdel-Rassoul et al. (2007)124 No information on selection of participants and participation rates

Blettner et al. (2009)125 No useful information on exposure assessment

Eger & Jahn (2010)126 No peer-reviewed journal

Baliatsas et al. (2011)127 No exposure, just distance

Bortkiewicz et al. (2012)128 Random selection participants unclear; no information on participation rates

Liu et al. (2014)129 No information on selection of participants and participation rates

Lamech (2014)130 Descriptive study, no information on exposure

Silva et al. (2015)131 Exposure measure is self-estimated distance to mobile phone base stations

Singh et al. (2016)132 Study population not defined

Hegazy et al. (2016)133 Study population not defined
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Conclusion
The committee concludes that for the frequency range of 700-2200 MHz 

no relation has been found between exposure to radiofrequency 

electromagnetic fields and the occurrence of symptoms such as 

headache, insomnia, concentration problems, tinnitus and skin rashes. 

The committee has given the experimental studies – that did not show 

effects – more weight than the epidemiological studies. In these studies 

the observed associations can result from the use of a mobile phone as 

such, for instance to continuously follow social media and being available, 

even at night, and the stress and lack of sleep that go with that.  

No statement is possible for the frequency ranges 2.2-5.0 GHz and 

20-40 GHz.

Human experimental studies
Adair et al. (1998)134 No statistical analyse for subjective parameters

Braune et al. (1998)135 Fixed order of exposures

Zhang et al. (2000)136 No information on control of exposure level

Barth et al. (2000)137 Insufficient information on exposure

Adair et al. (2001)138 No statistical analyse for subjective parameters

Adair et al. (2001)139 No statistical analyse for subjective parameters

Bortkiewicz et al. (2002)140 No information on control of exposure level

Hocking & Westerman (2002)141 No blinding

Adair et al. (2003)142 No statistical analyse for subjective parameters

Uloziene et al. (2005)143 No statistical analyse for subjective parameters

Adair et al. (2005)144 No statistical analyse for subjective parameters

Eliyahu et al. (2006)145 No statistical analyse for subjective parameters

Bachmann et al. (2007)146 No statistical analyse for subjective parameters

Hung et al. (2007)147 No statistical analyse for subjective parameters

Luria et al. (2009)148 No statistical analyse for subjective parameters

Mortazavi et al. (2011 149 No information on control of exposure level

Alsanosi et al. (2013)150 No control of lower exposure condition

Havas & Marrongelle (2013)151 Paper retracted

Trunk et al. (2013)152 No statistical analysis for subjective parameters
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700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
6 epidemiological
10 experimental humans
9 experimental animals

No publications No publications 1 epidemiological
17 experimental humans
8 experimental animals

700-2200 MHz
No effects have been observed in 6 epidemiological studies, 10 human

experimental studies and 7 animal experimental studies. In 2 animal

experimental studies a favourable effect has been found.

Table 10. Publications on the relation with diseases and conditions of the auditory 
system in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Hutter et al. (2010)153 Epidemiology case-control Mobile telephone No association

Frei et al. (2012)56 Epidemiology cohort Mobile telephone No association

Mortazavi et al. (2007)154 Epidemiology cross-sectional Mobile telephone No association

Sudan et al. (2013)155 Epidemiology cross-sectional Mobile telephone No association

Gupta et al. (2015)156 Epidemiology cross-sectional Mobile telephone No association

Bhagat et al. (2016)157 Epidemiology cross-sectional Mobile telephone No association

Janssen et al. (2005)158 Experimental humans adults Mobile telephone No effect

Uloziene et al. (2005)143 Experimental humans adults Mobile telephone No effect

Parazzini et al. (2005)159 Experimental humans adults Mobile telephone No effect

Parazzini et al. (2007)160 Experimental humans adults Mobile telephone No effect

Paglialonga et al. 
(2007)161

Experimental humans adults Mobile telephone No effect

Bamiou et al. (2008, 
2015)162, 163

Experimental humans adults Mobile telephone No effect

Stefanics et al. (2008)164 Experimental humans adults Mobile telephone No effect

Parazzini et al. (2009)165 Experimental humans adults Mobile telephone No effect

Parazzini et al. (2010)166 Experimental humans adults Mobile telephone No effect

Kwon et al. (2010)167 Experimental humans adults Mobile telephone No effect

Marino et al. (2000)168 Animal 936 and 950 MHz 
continuous

No effect

Aran et al. (2004)169 Animal 900 MHz GSM No effect

Galloni et al. (2005)170 Animal 923 and 936 MHz 
continuous

No effect

Galloni et al. (2005)171 Animal 900 and 1800 MHz 
GSM

No effect

Parazzini et al. (2007)172 Animal 900 MHz continuous No effect

Galloni et al. (2009)173 Animal 1946 MHz UMTS No effect

Hidisoglu et al. (2018)174 Animal 2100 MHz 217 Hz 
modulated

Favourable 
effect / lower risk

Kim et al. (2019) 175 Animal 1850 MHz Favourable 
effect / lower risk

221 23Health Council of the Netherlands | Background document | No. 2020/16Ae

chapter 04 | Overviews of publications: diseases and conditions

4.3 Auditory system
Diseases and conditions of the auditory system include various problems 

with the ear and inner ear, such as hearing impairment and deafness. The 

committee has taken 25 studies into the relation between exposure to 

radiofrequency electromagnetic fields and auditory conditions into 

account, see table 9. The effects on hearing have been investigated using 

objective testing methods, where the perception of sound by the subjects 

(human or animal) does not play a role.

Table 9. Numbers of publications on the relation with diseases and conditions of the 
auditory system, by frequency range
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Excluded
Table 11. Excluded publications on the relation with diseases and conditions of the auditory system

Epidemiological studies Reason for exclusion
Sagiv et al (2018)176 Insufficient exposure information

Human experimental studies
Kellenyi et al. (1999)177 No sham control; no blinding

de Sèze et al. (2001)178 No sham control; no blinding

Ozturan et al. (2002)179 No sham control; no blinding

Arai et al. (2003)180 No sham control; no blinding

Bak et al. (2003)181 No sham control; no blinding

Monnery et al. (2004)182 No information on blinding; no control of exposure level

Pau et al. (2005)183 No information on blinding

Sievert et al. (2005)184 No information on blinding

Oysu et al. (2005)185 No sham control; no blinding

Mora et al. (2006)186 No sham control; no blinding

Sievert et al. (2007)187 No information on blinding (studies also reported in Pau et al.183 and Sievert, Eggert & Pau184)

Stefanics et al. (2007)188 No statistical analyse; insufficient data to conclude on differences between sham and real exposures

Colletti et al. (2011)189 No control of exposure level

Balachandran et al. (2012)190 No sham control; no blinding

Alsanosi et al. (2013)150 No sham control; no blinding; no control of exposure level.

Mandala et al. (2014)191 No control of exposure level

Singh (2015)192 No information on exposure level; no blinding

Animal studies
Kizilay et al. (2003)193 No exposure level

Budak et al. (2009)194 No exposure level; unclear whether controls are sham controls

Budak et al. (2009)195 No exposure level; unclear whether controls are sham controls

Budak et al. (2009)196 No information on exposure setup; no exposure level; unclear whether controls are sham controls

Kayabasoglu et al. (2011)197 No information on exposure setup; no exposure level; unclear whether controls are sham controls

Kaprana et al. (2011)198 No exposure level

Seckin et al. (2014)199 No sham control

Sagiv et al (2018)176 Insufficient exposure information
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Conclusion
The committee concludes that for the frequency range of 700-2200 MHz 

no unfavourable effects on the auditory system have been observed.  

No statement is possible for the frequency ranges 2.2-5.0 GHz and  

20-40 GHz.

4.4 Eyes
Diseases and conditions of the eyes include eye inflammation, cataract, 

glaucoma, looking cross-eyed, impaired vision and blindness. The 

committee has taken 9 studies into the relation between exposure to 

radiofrequency electromagnetic fields and conditions of the eyes into 

account in this report, see table 12. Studies into effects on the eyes have 

used different endpoints, varying from effects on vision in humans to 

damage to tissues in the eye.

Table 12. Numbers of publications on the relation with diseases and conditions of the 
eye, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
4 experimental humans
1 experimental animals

4 experimental animals No publications 1 epidemiological
1 experimental humans
10 experimental animals

700-2200 MHz
No effects on vision have been observed in 4 human experimental

studies. In 1 animal study, an increased expression of two genes that are

involved in programmed cell death (apoptosis) has been observed in 

tissues of the eye. However, the implication for damage to the eye is not 

known.

Table 13. Publications on the relation with diseases or conditions of the eye in the 
frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Schmid et al. (2005)200 Experimental humans adults Mobile telephone No effect
Wilén et al. (2006)101 Experimental humans adults Mobile telephone No effect
Irlenbusch et al. (2007)201 Experimental humans adults Mobile telephone No effect
Unterlechner et al. 
(2008)202

Experimental humans adults Mobile telephone No effect

Eker et al. (2018)203 Animal 1800 MHz Unfavourable 
effect / higher risk

2.2-5.0 GHz
In 2 animal studies, damage to eye tissues has been observed. In 2 other 

animal studies, both replications of the first ones, no effects were 

observed.

Table 14. Publications on the relation with diseases or conditions of the eye in the 
frequency range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Kues et al. (1992)206 Animal 2.45 GHz pulsed Animal

Kamimura et al. (1994)204 Animal 2.45 GHz No effect

Ye et al. (2001)207 Animal 2.45 GHz Unfavourable effect / 
higher risk

Lu et al. (2010)205 Animal 2.45 GHz 34 Hz pulsed No effect
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Excluded
Table 15. Excluded publications on the relation with diseases or conditions  
of the eye

Epidemiological studies Reason for exclusion
Cleary et al. (1965)208 Non-specified radar

Human experimental studies
Gawit et al. (2017)209 Parallel group design, no information on exposure, no sham 

control group
Animal studies
Inalöz et al. (1997)210 No dosimetry

Balci et al. (2007)211 No dosimetry, no exposure level

Balci et al. (2009)212 No information on exposure

Hässig et al. (2009)213 No exposure level

Zareen et al. (2009)214 Unclear exposure level; inconsistent information on group size

Demirel et al. (2012)215 No information on exposure

Hässig et al. (2012)216 No comparison exposed / non-exposed 

Amer et al. (2013)217 No dosimetry

Akar et al. (2013)218 No sham exposed group

Tök et al. (2014)219 No dosimetry

Conclusion
The conclusion for the frequency ranges of 700-2200 MHz and 2.2-5.0 

GHz is that no effect has been found. No statement is possible for the 

frequency range 20-40 GHz.

4.5 Cardiovascular system and autonomous nerve system
Conditions of the cardiovascular system and the autonomous nerve 

system include circulation disorders of the cardiac muscle (ischemia), 

heart attack, heart rhythm disorders and inflammation of cardiac valves  

or the cardiac muscle. The committee has taken 27 studies into the 

relation between exposure to radiofrequency electromagnetic fields and 

conditions of the cardiovascular system and autonomous nerve system 

into account in this report, see table 16. Both direct effects on the 

cardiovascular system and indirect effects due an influence on the 

autonomous nerve system have been included, since these effects cannot 

always be clearly distinguished.

Table 16. Numbers of publications on the relation with conditions of the cardiovascular 
system and autonomous nerve system, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
1 epidemiological
24 experimental humans

1 epidemiological 1 epidemiological 1 epidemiological
21 experimental humans

700-2200 MHz
One epidemiological study has been published that found an increased 

risk for ischemic heart disease associated with daily use of a mobile phone. 

An association with exposure to radiofrequency electromagnetic fields 

cannot be established from this study. In 20 human experimental studies 

no effects have been observed, 3 studies show an unfavourable effect on 

variations in heart rhythm, and 1 study shows an effect that is not clearly 

favourable or unfavourable (an increased blood circulation in the skin).
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Table 17. Publications on the relation with conditions of the cardiovascular system and autonomous nerve system in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Benson et al. (2013)220 Epidemiology cohort Mobile telephone Unfavourable association / higher risk

Mann et al. (1998)221 Experimental humans adults Mobile telephone No effect

Braune et al. (2002)222 Experimental humans adults Mobile telephone No effect

Tahvanainen et al. (2004) 81 Experimental humans adults Mobile telephone No effect

Barker et al. (2007)223 Experimental humans adults Mobile telephone No effect

Schmid et al. (2012)89 Experimental humans adults Mobile telephone No effect

Schmid et al. (2012)90 Experimental humans adults Mobile telephone No effect

Atlasz et al. (2006)224 Experimental humans adults Mobile telephone No effect

Curcio et al. (2009)88 Experimental humans adults Mobile telephone No effect

Ghosn et al. (2012)225 Experimental humans adults Mobile telephone No effect

Ghosn et al. (2015)226 Experimental humans adults Mobile telephone No effect

Huber et al. (2003)79 Experimental humans adults Mobile telephone No effect

Parazzini et al. (2013)227 Experimental humans adults Mobile telephone Unfavourable effect / higher risk

Spichtig et al. (2012)91 Experimental humans adults Mobile telephone Unfavourable effect / higher risk

Loos et al. (2013)228 Experimental humans adults Mobile telephone Favourable effect / lower risk

Lindholm et al. (2011)229 Experimental humans children Mobile telephone No effect

Choi et al. (2014)98 Experimental humans children Mobile telephone No effect

Wilén et al. (2006)101 Experimental humans electrosensitive Mobile telephone No effect

Oftedal et al. (2007)102 Experimental humans electrosensitive Mobile telephone No effect

Nam et al. (2009)103 Experimental humans electrosensitive Mobile telephone No effect

Kwon et al. (2012)105 Experimental humans electrosensitive Mobile telephone No effect

Andrianome et al. (2017)230 Experimental humans electrosensitive Mobile telephone No effect

Hietanen et al. (2002)99 Experimental humans electrosensitive Mobile telephone Unfavourable effect / higher risk

Eltiti et al. (2009)231 Experimental humans adults Base station No effect

Furubayashi et al. (2009)112 Experimental humans adults Base station No effect
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2.2-5.0 GHz
No effects were observed on heart rhythm in 1 study of ‘electrosensitive’ 

people.

Table 18. Publications on the relation with conditions of the cardiovascular system and 
autonomous nerve system in the frequency range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Andrianome et al. (2017)230 Experimental humans 

electrosensitive
Wi-Fi No effect

20-40 GHz
In 1 study of people working with aircraft tracking radar, an increased risk 

for cardiac failure was observed.

Table 19. Publications on the relation with conditions of the cardiovascular system and 
autonomous nerve system in the frequency range 20-40 GHz

Reference Type of study Source of exposure Effect
Tikhonova (2003)232 Epidemiology cross-

sectional
Radar Unfavourable effect / 

higher risk

Excluded
Table 20. Excluded publications on the relation with conditions of the cardiovascular system and autonomous nerve system

Epidemiological studies Reason for exclusion
Møllerløkken & Moen (2008)48 Radar frequencies outside ranges (9.1-9.4 GHz)

Human experimental studies
Braune et al. (1998)135 Fixed order of exposures; no information on control of exposure level

Paredi et al. (2001)233 No information on control of exposure level; no blinding

Monfrecola et al. (2003)234 No information on control exposure level; no information on blinding

Celik & Hascalik (2004)235 No blinding; no information on control of exposure level; fixed order of exposures

Esen & Esen (2006)236 No information on control exposure and on order of exposures

Nam et al. (2006)237 Fixed order of exposures

Ahamed et al. (2008)238 No sham control; no blinding; no information on control of exposure level

Andrzejak et al. (2008)239 No sham control; no blinding; no information on control of exposure level

Rezk et al. (2008)240 No sham control; no blinding; no information on control of exposure level

Tamer et al. (2009)241 No information on control exposure level

Yilmaz & Yildiz (2010)242 No information on control exposure level; fixed order of exposures

Havas et al. (2010)243 No statistical analysis; insufficient information to draw conclusions on difference between sham and real exposure

Faust et al. (2011)244 No sham control; no blinding; no information on control of exposure level
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Conclusion
The committee concludes that no effects of exposure to radiofrequency 

electromagnetic fields on the cardiovascular system and the autonomous 

nerve system have been found in the frequency range of 700-2200 MHz. 

No statement is possible for the frequency ranges 2.2-5.0 GHz and  

20-40 GHz.

4.6 Neurodegenerative diseases
Neurodegenerative diseases result from functional decline or necrosis or 

disappearance of nerve tissue in the brain. Examples are Alzheimer’s 

disease, Parkinson’s disease, amyotrophic lateral sclerosis (ALS) and 

multiple sclerosis (MS). The committee has taken 1 study into the relation 

between exposure to radiofrequency electromagnetic fields and 

neurodegenerative diseases into account in this report, see table 21.

Table 21. Numbers of publications on the relation with neurodegenerative diseases, by 
frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
1 epidemiological No publications No publications 2 epidemiological

3 experimental animals

700-2200 MHz
One epidemiological study has been published that found an increased 

risk for ALS.

Table 22. Publications on the relation with neurodegenerative diseases in the 
frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Luna et al. (2019)251 Epidemiology case-

population
Base station Unfavourable association 

/ higher risk

Human experimental studies
Barutcu et al. (2011)245 No sham control; no blinding; no information on control of exposure level

Mortazavi et al. (2011)149 No information on control exposure level

Alhusseiny et al. (2012)246 No information on control exposure level; no blinding; fixed order of exposures

Havas & Marrongelle (2013)151 Paper retracted

Devasia et al. (2014)247 No information on control exposure level

Malek et al. (2015)248 Incorrect information on exposure levels; insufficient information to draw conclusions on difference between sham and real exposure

Messina et al. (2017)249 No sham control; no blinding; no information on control of exposure level and frequency

Umar et al. (2014)250 No information on control exposure level; no blinding
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Excluded
Table 23. Excluded publications on the relation with neurodegenerative diseases

Epidemiological studies Reason for exclusion
Silva & Santana (2004)252 Non-specified radar

Beard et al. (2016)253 Non-specified radar

Animal studies
Arendash et al. (2010)254 Therapy

Dragicevic et al. (2011)255 Therapy

Banaceur et al. (2013)256 Therapy

Conclusion
The committee concludes that due to the limited amount of data is not 

possible to make a statement on a relation between exposure to 

radiofrequency electromagnetic fields and neurodegenerative diseases.

4.7 Male fertility
The committee has taken 19 studies into the relation between exposure to 

radiofrequency electromagnetic fields and effects on male fertility into 

account in this report, see table 24. The endpoints vary from the number 

of spermatozoa in different stages of development, aberrations in the 

appearance of spermatozoa, motility of spermatozoa and necrosis of cells 

in the testes (a biological process called apoptosis or planned cell death), 

to the levels of testosterone (a hormone that is made in the testes).

Table 24. Numbers of publications on the relation with male fertility, by frequency 
range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
10 experimental animals 9 experimental 

animals
No publications 7 epidemiological

2 experimental humans
36 experimental animals

700-2200 MHz
No effects on male fertility endpoints were observed in 5 animal studies, in 

1 study unfavourable effects were found, in 2 studies a favourable effect 

and in 2 studies both favourable and unfavourable effects.

Table 25. Publications on the relation with male fertility in the frequency range 
700-2200 MHz

Reference Type of study Source of exposure Effect
Ribeiro et al. (2007)257 Animal 1800 MHz No effect

Daşdağ et al. (2008)258 Animal 900 MHz GSM No effect

Lee et al. (2010)259 Animal 848.5 MHz CDMA No effect

Lee et al. (2012)260 Animal 849 MHz CDMA and 
1950 MHz WCDMA

No effect

Trošić et al. (2013)261 Animal 915 MHz GSM No effect

Qin et al. (2014)262 Animal 1800 MHz Unfavourable effect / 
higher risk

Houston et al. (2019)263 Animal 905 MHz Unfavourable effect / 
higher risk

Azimzadeh & Jelodar 
(2019)264

Animal 900 MHz Unfavourable effect / 
higher risk

Yahyazadeh et al. (2020)265 Animal 900 MHz Unfavourable effect / 
higher risk

Forgács et al. (2006)266 Animal 1800 MHz GSM Favourable effect /  
lower risk
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Reference Type of study Source of exposure Effect
Imai et al. (2011)267 Animal 1950 MHz WCDMA Favourable effect /  

lower risk
Nisbet et al. (2012)268 Animal 900 MHz GSM and 

1800 MHz GSM
Favourable and 
unfavourable effect

Taş et al. (2014)269 Animal 900 MHz Effect, not clearly 
favourable or unfavourable

2.2-5.0 GHz
In 9 animal studies an unfavourable effect on male fertility endpoints was 

observed, in particular on testis function and the development of sperm.

Table 26. Publications on the relation with male fertility in the frequency range 2.2-5.0 
GHz

Reference Type of study Source of exposure Effect
Saygin et al. (2011)270 Animal 2450 MHz 217 Hz 

pulse modulated
Unfavourable effect / higher risk

Meena et al. (2014)271 Animal 2450 MHz Unfavourable effect / higher risk

Shahin et al. (2014)272 Animal 2450 MHz Unfavourable effect / higher risk

Saygin et al. (2015)273 Animal 2450 MHz Unfavourable effect / higher risk

Daşdağ et al. (2015)274 Animal 2450 MHz Wi-Fi Unfavourable effect / higher risk

Saygin et al. (2016)275 Animal 2450 MHz Unfavourable effect / higher risk

Jonwal et al. (2018)276 Animal 2450 MHz Unfavourable effect / higher risk

Bilgici et al. (2018)277 Animal 2450 MHz Wi-Fi Unfavourable effect / higher risk

Shahin et al. (2018)278 Animal 2450 MHz Unfavourable effect / higher risk

Yu et al. (2020)279 Animal 2575–2635 MHz Unfavourable effect / higher risk

Excluded
Table 27. Excluded publications on the relation with male fertility

Epidemiological studies Reason for exclusion
Weyandt et al. (1996)280 Non-specified radar

Schrader et al. (1998)281 Non-specified radar

Ding et al. (2004)282 Non-specified radar

Yan et al. (2007)283 Non-specified radar

Møllerløkken & Moen (2008)48 Radar frequencies outside ranges (9.1-9.4 GHz)

Baste et al. (2008)284 Radar frequencies outside ranges (9.1-9.4 GHz)

Baste et al. (2012)285 Radar frequencies outside ranges (9.1-9.4 GHz)

Human experimental studies
de Sèze et al. (2001)178 No blinding

Davoudi et al. (2002)286 No blinding

Animal studies
Daşdağ et al. (1999)287 Incomplete dosimetry, no exposure level

Daşdağ et al. (2003)288 Incomplete dosimetry, no exposure level

Ozguner et al. (2005)289 No sham control group

Yan et al. (2007)290 No dosimetry, no exposure level

Mailankot et al. (2009)291 No dosimetry, no exposure level

Kesari et al. (2010)292 No sham control group; no dosimetry, no exposure level

Meo et al. (2010)293 No sham control group; no dosimetry, no exposure level

Otitoloju et al. (2010)294 No controlled laboratory conditions

Esmekaya et al. (2011)295 SAR incorrectly calculated from external electric veld

Kesari et al. (2011)296 No dosimetry, no exposure level

Meo et al. (2011)297 No sham control group; no dosimetry, no exposure level

Sarookhani et al. (2011)298 No sham control group; no dosimetry, no exposure level

Al-Damegh (2012)299 No dosimetry, no exposure level

Çelic et al. (2012)300 No dosimetry, no exposure level

Kesari & Behari (2012)301 No dosimetry, no exposure level

Atasoy et al. (2013)302 No sham control group; no dosimetry, no exposure level

Ghanbari et al. (2013)303 No dosimetry; insufficient information on exposure level

Shahin et al. (2013)304 No quantification of effects, no statistical analysis
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Epidemiological studies Reason for exclusion
Karaman et al. (2014)305 No dosimetry, no exposure level

Kumar et al. (2014)306 No dosimetry, no exposure level

Oksay et al. (2014)307 Incorrect dosimetry, no exposure level

Sepehrimanesh et al. (2014)308 Insufficient information on exposure and dosimetry

Azadi Oskouyi et al. (2015)309 No sham control group; no dosimetry, no exposure level

Bin-Meferij & El-Kott (2015)310 No sham control group; no dosimetry, no exposure level

Tumkaya et al. (2016)311 Incomplete dosimetry

Çetkin et al. (2017)312 No dosimetry, no exposure level

Pandey et al. (2017)313 No sham control group

Sepehrimanesh et al. (2017)314 No sham control group

Shahin et al. (2017)315 Incomplete description of exposure; incorrect dosimetry

Oyewopo et al. (2017)316 No dosimetry

Narayanan et al. (2018)317 No exposure level

Oh et al. (2018)318 Exposure level unclear (2 distances but 1 SAR value)

Shahin et al. (2018)319 SAR calculation refers to Shahin et al. (2017)315; which gives an 
incorrect calculation (for uterus!) for a mobile phone at maximum 
power

Hu et al. (2019)320 Incomplete dosimetry, no frequency

Yahyazadeh & Altunkaynak 
(2019)321

No sham control group

Gautam et al. (2019)322 No sham control group; incomplete description of exposure

Conclusion
The committee concludes on the basis of animal studies that for exposure 

to electromagnetic fields in the frequency range of 700-2200 MHz no 

statement is possible. In the frequency range of 2.2-5.0 GHz unfavourable 

effects on the testis function and development of sperm are possible. No 

statement is possible for the frequency range of 20-40 GHz.

4.8 Pregnancy and birth defects 
The committee has taken 15 studies into the relation between exposure to 

radiofrequency electromagnetic fields and the course of pregnancy and 

the incidence of birth defects into account in this report, see table 28 (in 

some studies multiple frequency bands have been studied). 

Epidemiological studies investigated the association between exposure 

and duration of pregnancy. In animal studies mainly the outcome of 

pregnancy, such as the number of offspring, and birth defects have been 

investigated.

Table 28. Numbers of publications on the relation with pregnancy and birth defects,  
by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
1 epidemiological
9 experimental animals

1 epidemiological
8 experimental animals

No publications 25 experimental animals

700-2200 MHz
In 1 epidemiological study an unfavourable effect was observed 

(decreased duration of pregnancy). In 7 animal studies no effects were 

found and in 1 animal study an unfavourable effect (a reduction in the 

number of nerve cells in the hippocampus of newborns). In another animal 

study both favourable and unfavourable effects on prenatal development 

were found.
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Table 29. Publications on the relation with pregnancy and birth defects in the 
frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Tsarna et al. (2019)323 Epidemiology cohort Mobile telephone Unfavourable association 

/ higher risk
Bornhausen & 
Scheingraber (2000)324

Animal 900 MHz GSM No effect

Ferreira et al. (2006)325 Animal 834 MHz No effect

Sommer et al. (2009)326 Animal 1966 MHz UMTS No effect

Ogawa et al. (2009)327 Animal 1950 MHz WCDMA No effect

Lee et al. (2009)328 Animal 848.5 MHz CDMA and 
1.95 GHz WCDMA

No effect

Fragopoulou et al. 
(2010)329

Animal 900 MHz GSM No effect

Shirai et al. (2017)330 Animal 880–5180 MHz No effect

Koç et al. (2016)132 Animal 900 MHz Unfavourable effect / 
higher risk

Nisbet et al. (2016)331 Animal 900 and 1800 MHz Favourable and 
unfavourable effect

2.2-5.0 GHz
In 1 epidemiological study no association was observed between 

exposure to Wi-Fi during pregnancy and spontaneous abortion. In 6 out of 

8 animal studies no effect was found of prenatal exposure to 

electromagnetic fields on the development of young animals. In the 2 

other studies an unfavourable effect was found: decreased growth.

Table 30. Publications on the relation with pregnancy and birth defects in the 
frequency range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Abad et al (2016)332 Epidemiology cohort Wi-Fi No effect

Takahashi et al. (2010)333 Animal 2140 MHz WCDMA No effect

Aït-Aïssa et al. (2012)334 Animal 2450 MHz Wi-Fi No effect

Poulletier de Gannes et al. 
(2012)335

Animal 2450 MHz Wi-Fi No effect

Poulletier de Gannes et al. 
(2013)336

Animal 2450 MHz Wi-Fi No effect

Shirai et al. (2014)337 Animal 2140 MHz WCDMA No effect

Woelders et al. (2017)338 Animal 5.6 GHz WLAN No effect

Sangun et al. (2015)339 Animal 2.45 GHz 217 Hz 
modulated

Unfavourable effect / 
higher risk

Kuybulu et al. (2016)340 Animal 2.45 GHz Unfavourable effect / 
higher risk

Excluded
Table 31. Excluded publications on the relation with pregnancy and birth defects

Animal studies Reason for exclusion
Magras & Xenos (1997)341 No sham control group

Inalöz et al. (1997)210 No quantitative data; no statistics; exposure by location next to 
microwave oven; no dosimetry

Nakamura et al. (2000)342 No sham control group

Nakamura et al. (2003)343 No sham control group

Bas et al. (2009)344 No sham control group

Gul et al. (2009)345 Incomplete dosimetry, no frequency

Raĝbetli et al. (2009)346 No dosimetry, no exposure level

Aldad et al. (2012)347 Mobile telephone on cage; no dosimetry, no exposure level

Jing et al.(2012)348 No exposure level, no frequency

Haghani et al. (2013)349 SAR values provided, but no information on dosimetry, no other 
exposure information

Köktürk et al. (2013)350 No dosimetry, no exposure level
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Animal studies Reason for exclusion
Seckin et al. (2014)199 No sham control group

Bedir et al. (2015)351 No dosimetry, no exposure level

Odacı et al. (2015)352 No sham control group

Türedi et al. (2015)353 No sham control group

Zhang et al. (2015)354 No information on exposure setup, no exposure level

Erkut et al. (2016)355 No sham control group; no dosimetry, no exposure level

Razavinasab et al. (2016)356 Calculation SAR unclear, no other exposure information

Türedi et al. (2016)357 No sham control group

Othman et al. (2017)358 No dosimetry, no exposure level

Othman et al. (2017)359 No dosimetry, no exposure level

Yilmaz et al. (2017)360 No sham control group, insufficient information on exposure level

Alimohammadi et al. (2018)361 No sham control group, insufficient information on exposure level

Tumkaya et al. (2019)362 No sham control group, unclear exposure and assessment of 
exposure level

Amandokht Saghezchi et al. 
(2019)363

No dosimetry

Conclusion
The committee concludes that unfavourable effects of exposure to 

radiofrequency electromagnetic fields during pregnancy on the course of 

pregnancy, on birth defects and on early development are possible for the 

frequency ranges of 700-2200 MHz and 2.2-5.0 GHz. No statement is 

possible for the frequency range of 20-40 GHz.
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05 
overviews of publications 
relevant for 5G: biological 
processes
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For several biological processes indications have been observed for an 

unfavourable effect of exposure to radiofrequency electromagnetic fields. 

This is the case for behaviour, cognition, brain neurotransmitters, brain 

electrical activity, sleep, blood-brain barrier, blood, oxidative stress and 

gene expression in brain tissue. For other biological processes – immune 

system and hormones – no indications for adverse effects have been 

observed. The observed effects indicate that radiofrequency 

electromagnetic fields may have the potential to cause adverse health 

effects, but there is no proof that health is indeed affected. The committee 

did not analyse whether the effects reported may have a threshold, or 

whether and how the effect increases with increasing exposure level.

5.1 Behaviour
Several types of behaviour have been investigated. Studies in humans 

generally involve behavioural problems in children. In animals, more 

specific behaviours have been studied: explorative behaviour, recognition 

of objects and situations, anxiety and effects on learned behaviour.  

The committee has taken 58 studies into the relation between exposure to 

radiofrequency electromagnetic fields and behaviour into account in this 

report, see table 32.

Table 32. Numbers of publications on the relation with behaviour, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
9 epidemiological
29 experimental animals

1 epidemiological
19 experimental animals

No publications 2 epidemiological
22 experimental animals

700-2200 MHz
In 3 out of 9 epidemiological studies, no relation has been observed 

between exposure to electromagnetic fields and behaviour. In the other  

5 epidemiological studies unfavourable effects were observed and in  

1 study a favourable effect. In 16 animal studies no effect on behaviour 

was found, in 8 an unfavourable effect, in 3 a favourable effect and in  

2 both favourable and unfavourable effects.
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Table 33. Publications on the relation with behaviour in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Guxens et al. (2019)364 Epidemiology cohort Mobile telephone No association
Divan et al. (2008)365 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Divan et al. (2012)366 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Byun et al. (2013)367 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Sudan et al. (2016)368 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Roser et al. (2016)369 Epidemiology cohort Mobile telephone Favourable association / lower risk
Zheng et al. (2014)370 Epidemiology cross-sectional Mobile telephone No association
Roser et al. (2016)369 Epidemiology cross-sectional Base station No association
Thomas et al. (2010)371 Epidemiology cross-sectional Base station Unfavourable association / higher risk
D’Andrea et al (1989)372 Animal 1300 MHz pulsed No effect
Quock et al. (1994)373 Animal 1800 MHz continuous No effect
Bornhausen & Scheingraber (2000)324 Animal 900 MHz GSM No effect
Dubreuil et al. (2003)374 Animal 900 MHz GSM No effect
Mausset-Bonnefont et al. (2004)375 Animal 900 MHz GSM No effect
Nittby et al. (2008)376 Animal 900 MHz GSM No effect
Takahashi et al. (2010)333 Animal 2140 MHz WCDMA No effect
Bouji et al. (2012)377 Animal 900 MHz GSM No effect
Shirai et al. (2014)337 Animal 2140 MHz WCDMA No effect
Klose et al. (2014)378 Animal 900 MHz GSM No effect
Son et al. (2015)379 Animal 1950 MHz WCDMA No effect
Son et al. (2016)380 Animal 1950 MHz WCDMA No effect
Barthélémy et al. (2016)381 Animal 900 MHz GSM No effect
Petitdant et al. (2016)382 Animal 900 MHz GSM No effect
Gupta et al. (2018)383 Animal 900 and 1800 MHz No effect
Gupta et al. (2019)384 Animal 900 and 1800 MHz No effect
Lebovitz (1981)385 Animal 1300 MHz pulsed Unfavourable effect / higher risk
Lebovitz (1983)386 Animal 1300 MHz pulsed Unfavourable effect / higher risk
Akyel et al. (1991)387 Animal 1250 MHz pulsed Unfavourable effect / higher risk
Daniels et al. (2009)388 Animal 840 MHz Unfavourable effect / higher risk
Khirazova et al. (2012)389 Animal 905 MHz Unfavourable effect / higher risk
Schneider & Stangassinger (2014)390 Animal 900 MHz GSM and 1966 MHz UMTS Unfavourable effect / higher risk
Zhang et al. (2017)391 Animal 1800 MHz Unfavourable effect / higher risk
Jeong et al. (2018)392 Animal 1950 MHz Unfavourable effect / higher risk
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Reference Type of study Source of exposure Effect
Kumlin et al. (2007)393 Animal 900 MHz GSM Favourable effect / lower risk
Kim et al. (2017)394 Animal 835 MHz Favourable effect / lower risk
Wang et al. (2017)395 Animal 1800 MHz Favourable effect / lower risk
Son et al. (2018)396 Animal 1950 MHz Favourable and unfavourable effect
Broom et al. (2019)397 Animal 1846 MHz Favourable and unfavourable effect

2.2-5.0 GHz
In 1 epidemiological study no effect on behaviour was observed.  

In 6 animal studies no effect was found, in 11 unfavourable effects, in 1  

a favourable effect and in 1 effects that are not clearly favourable or 

unfavourable.

Table 34. Publications on the relation with behaviour in the frequency range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Guxens et al (2019)364 Epidemiology cohort Wi-Fi No association
Quock et al. (1987)398 Animal 2450 MHz continuous No effect
Mitchell et al. (1989)399 Animal 2450 MHz continuous No effect
Quock et al. (1994)373 Animal 4.7 GHz continuous No effect
Kemerov et al. (1999)400 Animal 2375 MHz, 433.93 MHz, 27.13 MHz No effect
Cosquer et al. (2005)401 Animal 2450 MHz pulsed No effect
Crouzier et al. (2007)402 Animal 2450 MHz pulsed with 1 kHz No effect
Thomas et al. (1982)403 Animal 2.8 GHz continuous and pulsed Unfavourable effect / higher risk
Lai et al. (1983)404 Animal 2450 MHz pulsed Unfavourable effect / higher risk
D’Andrea et al. (1988)405 Animal 2450 MHz Unfavourable effect / higher risk
Chou et al. (1992)406 Animal 2450 MHz pulsed Unfavourable effect / higher risk
Raslear et al. (1993)407 Animal 3 GHz pulsed Unfavourable effect / higher risk
Shtemberg et al. (2001)408 Animal 4.2 GHz modulated with 20 Hz-20 kHz Unfavourable effect / higher risk
Chaturvedi et al. (2011)409 Animal 2450 MHz continuous Unfavourable effect / higher risk
Kumar et al. (2016)410 Animal 2450 MHz continuous and modulated with 400 Hz Unfavourable effect / higher risk
Obajuluwa et al. (2017)411 Animal 2.5 GHz Wi-Fi Unfavourable effect / higher risk
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Reference Type of study Source of exposure Effect
Gupta et al. (2018)383 Animal 2450 MHz Unfavourable effect / higher risk
Gupta et al. (2019)384 Animal 2450 MHz Unfavourable effect / higher risk
Sinha et al. (2008)412 Animal 2450 MHz modulated with 1 kHz Favourable effect / lower risk
Sinha (2008)413 Animal 2450 MHz modulated with 1 kHz Effect, not clearly favourable or unfavourable

Excluded
Table 35. Excluded publications on the relation with behaviour

Epidemiological studies Reason for exclusion
Calvente et al. (2016)414 Exposure assessment meaningless
Guxens et al (2019)364 Excluded for presence of phones and Wi-Fi, included for number of calls
Animal studies
Galloway (1975)415 No statistical analysis; no exposure level
Mattsson & Oliva (1976)416 Study with 1 animal
Thomas et al. (1980)417 No sham control group; no statistical analysis
Carratalá & Moya (1991)418 No sham control group
Jensh (1997)419 No data or p-values reported
Crouzier et al. (2007)420 No data reported
Narayanan et al. (2009)421 No exposure information; no sham control group
Narayanan et al. (2010)422 No exposure information; no sham control group
Carballo-Quintás et al. (2011)423 No data reported
Ntzouni et al. (2011)424 No exposure level
Aldad et al. (2012)347 Mobile telephone on cage; no dosimetry, no exposure level
El Kholy & El Husseiny (2012)425 No dosimetry, no exposure level; no sham control group
Sokolovic et al. (2012)426 No quantitative data on behaviour
Haghani et al. (2013)349 SAR values provided, but no information on dosimetry, no other exposure information
Ntzouni et al. (2013)427 No exposure level
de Caires Júnior et al. (2014)428 No exposure level
Saikhedkar et al. (2014)429 Incorrect dosimetry (SAR calculated for humans), no other exposure information
Lee et al. (2015)430 Mobile telephone in aquarium, no dosimetry
Zhang et al. (2015)354 No information on exposure setup, no exposure level
Shehu et al. (2016)431 Mobile telephone in cage, no dosimetry
Hassanshahi et al. (2017)432 No dosimetry
Othman et al. (2017)359 No dosimetry, no exposure level
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Conclusion
The committee concludes that both favourable and unfavourable effects of 

exposure to radiofrequency electromagnetic fields cannot be excluded. 

The conclusion for the frequency ranges of 700-2200 MHz and 2.2-5.0 

GHz is that an effect is possible. No statement is possible for the 

frequency range of 20-40 GHz.

5.2 Cognition
Studies into the relation between radiofrequency electromagnetic fields 

and cognition include effects on memory, reaction speed and 

responsiveness, since these provide information on the functioning of the 

brain. Sometimes effects are very subtle. The committee has taken 107 

studies into the relation between exposure to radiofrequency electro-

magnetic fields and cognition into account in this report, see table 36.

Table 36. Numbers of publications on the relation with cognition, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
11 epidemiological
46 experimental humans
24 experimental animals

2 experimental humans
24 experimental animals

No publications 9 epidemiological
16 experimental humans
18 experimental animals

700-2200 MHz
Two of the 11 epidemiological studies do not show an association, 4 an 

unfavourable association, 2 a favourable association, 2 a favourable and 

unfavourable association and 1 an association not clearly favourable or 

unfavourable. In 31 human experimental studies no effect was found, in  

7 an unfavourable effect and in 8 a favourable effect. Out of the 24 animal 

studies, 14 show no effect, 9 an unfavourable effect and 1 a favourable 

effect.

Table 37. Publications on the relation with cognition in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Thomas et al. (2010)433 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Foerster et al. (2018)434 Epidemiology cohort Mobile telephone Unfavourable association / higher risk
Ng et al. (2012)435 Epidemiology cohort Mobile telephone Favourable association / lower risk
Brzozek et al. (2019)436 Epidemiology cohort Mobile telephone Favourable and unfavourable association
Redmayne et al. (2016)437 Epidemiology cross-sectional Mobile telephone No association
Abramson et al. (2009)438 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk
Lee et al. (2001)439 Epidemiology cross-sectional Mobile telephone Favourable association / lower risk
Guxens et al. (2016)440 Epidemiology cross-sectional Mobile telephone Association, not clearly favourable or unfavourable
Hutter et al. (2006)75 Epidemiology cross-sectional Base station No association
Roser et al. (2016)369 Epidemiology cross-sectional Base station Unfavourable association / higher risk
Guxens et al. (2016)440 Epidemiology cross-sectional Base station Favourable and unfavourable association
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Reference Type of study Source of exposure Effect
Freude et al. (1998)441 Experimental humans adults Mobile telephone No effect
Freude et al. (2000)442 Experimental humans adults Mobile telephone No effect
Krause et al. (2000)443 Experimental humans adults Mobile telephone No effect
Krause et al. (2000)444 Experimental humans adults Mobile telephone No effect
Krause et al. (2007)445 Experimental humans adults Mobile telephone No effect
Haarala et al. (2003)446 Experimental humans adults Mobile telephone No effect
Haarala et al. (2004)447 Experimental humans adults Mobile telephone No effect
Haarala et al. (2003)448 Experimental humans adults Mobile telephone No effect
Aalto et al. (2006)449 Experimental humans adults Mobile telephone No effect
Kwon et al. (2011)450 Experimental humans adults Mobile telephone No effect
Kwon et al. (2012) 451 Experimental humans adults Mobile telephone No effect
Hamblin et al. (2006)452 Experimental humans adults Mobile telephone No effect
Besset et al. (2005)453 Experimental humans adults Mobile telephone No effect
Curcio et al. (2008)454 Experimental humans adults Mobile telephone No effect
Luria et al. (2009)148 Experimental humans adults Mobile telephone No effect
Terao et al. (2006)455 Experimental humans adults Mobile telephone No effect
Terao et al. (2007)456 Experimental humans adults Mobile telephone No effect
Russo et al. (2006)457 Experimental humans adults Mobile telephone No effect
Cinel et al. (2007)458 Experimental humans adults Mobile telephone No effect
Haarala et al. (2007)459 Experimental humans adults Mobile telephone No effect
Fritzer et al. (2007)84 Experimental humans adults Mobile telephone No effect
Schmid et al. (2012)89 Experimental humans adults Mobile telephone No effect
Schmid et al. (2012)90 Experimental humans adults Mobile telephone No effect
Kleinlogel et al. (2008) 460 Experimental humans adults Mobile telephone No effect
Sauter et al. (2011)461 Experimental humans adults Mobile telephone No effect
Curcio et al. (2012)462 Experimental humans adults Mobile telephone No effect
Krause et al. (2004)463 Experimental humans adults Mobile telephone Unfavourable effect / higher risk
Hamblin et al. (2004)464 Experimental humans adults Mobile telephone Unfavourable effect / higher risk
Eliyahu et al. (2006)145 Experimental humans adults Mobile telephone Unfavourable effect / higher risk
Keetley et al. (2006)465 Experimental humans adults Mobile telephone Unfavourable effect / higher risk
Lustenberger et al. (2012)90 Experimental humans adults Mobile telephone Unfavourable effect / higher risk
Preece et al. (1999)466 Experimental humans adults Mobile telephone Favourable effect / lower risk
Koivisto et al. (2000)467 Experimental humans adults Mobile telephone Favourable effect / lower risk
Koivisto et al. (2000)468 Experimental humans adults Mobile telephone Favourable effect / lower risk
Curcio et al. (2004)469 Experimental humans adults Mobile telephone Favourable effect / lower risk
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Reference Type of study Source of exposure Effect
Regel et al. (2007)470 Experimental humans adults Mobile telephone Favourable effect / lower risk
Verrender et al. (2016)94 Experimental humans adults Mobile telephone Favourable effect / lower risk
Preece et al. (2005)471 Experimental humans children Mobile telephone No effect
Haarala et al. (2005)472 Experimental humans children Mobile telephone No effect
Loughran et al. (2013)473 Experimental humans children Mobile telephone No effect
Leung et al. (2011)474 Experimental humans children Mobile telephone Unfavourable effect / higher risk
Wilén et al. (2006)101 Experimental humans electrosensitive Mobile telephone No effect
Jech et al. (2011)475 Experimental humans electrosensitive Mobile telephone Favourable effect / lower risk
Wiholm et al. (2009)476 Experimental humans electrosensitive Mobile telephone Favourable effect / lower risk
Maier et al. (2004)477 Experimental humans adults Base station Unfavourable effect / higher risk
Eltiti et al. (2009)231 Experimental humans electrosensitive Base station No effect
Sienkiewicz et al. (2000)478 Animal 900 MHz 217 Hz pulsed No effect
Dubreuil et al. (2002)479 Animal 900 MHz 217 Hz pulsed No effect
Dubreuil et al. (2003)374 Animal 900 MHz 217 Hz pulsed No effect
Yamaguchi et al. (2003)480 Animal 1439 MHz pulsed No effect
Ammari et al. (2008)481 Animal 900 MHz GSM No effect
Daniels et al. (2009)388 Animal 840 MHz No effect
Mori & Arendash (2011)482 Animal 918 MHz GSM No effect
Arendash et al. (2012)483 Animal 918 MHz GSM No effect
Klose et al. (2014)378 Animal 900 MHz GSM No effect
Bouji et al. (2016)484 Animal 900 MHz No effect
Son et al. (2016)380 Animal 1950 MHz No effect
Zhang et al. (2017)391 Animal 1800 MHz No effect
Keleş et al. (2018)485 Animal 900 MHz No effect
Bouji et al. (2020)486 Animal 900 MHz No effect
Deshmukh et al. (2013)487 Animal 900 MHz Unfavourable effect / higher risk
Jeong et al. (2015)488 Animal 1950 MHz WCDMA Unfavourable effect / higher risk
Deshmukh et al. (2015)489 Animal 900 and 1800 MHz Unfavourable effect / higher risk
Tang et al. (2015)490 Animal 900 MHz continuous Unfavourable effect / higher risk
Deshmukh et al. (2016)491 Animal 900 and 1800 MHz Unfavourable effect / higher risk
Sharma et al. (2017)492 Animal 1000 MHz Unfavourable effect / higher risk
Tan et al. (2017)493 Animal 1500 and 2856 MHz Unfavourable effect / higher risk
Ahmadi et al. (2018)494 Animal 900 MHz Unfavourable effect / higher risk
Sharma et al. (2019)495 Animal 2100 MHz Unfavourable effect / higher risk
Kumlin et al. (2007)393 Animal 900 MHz GSM Favourable effect / lower risk
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2.2-5.0 GHz
One of the 2 human experimental studies does not show an effect, the  

other shows an unfavourable effect. Also 7 animal studies show no effect  

and 17 show an unfavourable effect.

Table 38. Publications on the relation with cognition in the frequency range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Hosseini et al. (2019)496 Experimental humans adults Wi-Fi No effect
Bamdad et al. (2019)497 Experimental humans adults Wi-Fi Unfavourable effect / higher risk
Cobb et al. (2004)498 Animal 2450 MHz pulsed No effect
Cassel et al. (2004)499 Animal 2450 MHz pulsed No effect
Cosquer et al. (2005)500 Animal 2450 MHz pulsed No effect
Cosquer et al. (2005)501 Animal 2450 MHz pulsed No effect
Cosquer et al. (2005)401 Animal 2450 MHz pulsed No effect
Takahashi et al. (2010)333 Animal 2140 MHz WCDMA No effect
Shirai et al. (2014)337 Animal 2140 MHz WCDMA No effect
Lai et al. (1994)502 Animal 2450 MHz pulsed Unfavourable effect / higher risk
Wang & Lai (2000)503 Animal 2450 MHz pulsed Unfavourable effect / higher risk
Lai (2004)504 Animal 2450 MHz continuous Unfavourable effect / higher risk
Li et al. (2008) 505 Animal 2450 MHz pulsed Unfavourable effect / higher risk
Chaturvedi et al. (2011)409 Animal 2450 MHz continuous Unfavourable effect / higher risk
Lu et al. (2012) 506 Animal 2450 MHz pulsed Unfavourable effect / higher risk
Wang et al. (2013)507 Animal 2856 MHz pulsed Unfavourable effect / higher risk
Qiao et al. (2014)508 Animal 2856 MHz pulsed Unfavourable effect / higher risk
Wang et al. (2015)509 Animal 2856 MHz pulsed Unfavourable effect / higher risk
Li et al. (2015)510 Animal 2856 MHz pulsed Unfavourable effect / higher risk
Shahin et al. (2015)511 Animal 2450 MHz continuous Unfavourable effect / higher risk
Deshmukh et al. (2015)489 Animal 2450 MHz Unfavourable effect / higher risk
Deshmukh et al. (2016)491 Animal 2450 MHz Unfavourable effect / higher risk
Tan et al. (2017)493 Animal 2856 MHz Unfavourable effect / higher risk
Wang et al. (2017)512 Animal 2856 MHz pulsed Unfavourable effect / higher risk
Shahin et al. (2018)513 Animal 2450 MHz continuous Unfavourable effect / higher risk
Karimi et al. (2018)514 Animal 2450 MHz Unfavourable effect / higher risk
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Excluded
Table 39. Excluded publications on the relation with cognition

Epidemiological studies Reason for exclusion
Wilén et al. (2004)121 No information on selection of participants and participation rates, representativeness of participating subjects cannot be assessed

Arns et al. (2007)515 Recruitment process unclear, therefore comparability of groups is difficult to judge

Abdel-Rassoul et al. (2007)124 No information on selection of participants and participation rates, representativeness of participating subjects cannot be assessed

Mortazavi et al. (2013)516 Radar frequencies outside ranges (2-18 GHz)

Jarideh et al. (2015)517 No information on selection of participants, except that they were volunteers

Calvente et al. (2016)414 Exposure assessment meaningless

Guxens et al. (2016)440 Exposure assessment Wi-Fi meaningless, included for exposure base stations

Mohan et al. (2016)518 Only 9 subjects divided into 3 groups and compared with each other in relation to their self-reported mobile phone use

Meo et al. (2019)519 Difference between groups, exposure assessment incomplete

Human experimental studies
Eibert et al. (1997)520 No numerical data provided, insufficient information to evaluate whether statistical analysis was relevant

Hladky et al. (1999)521 No information on control exposure level and blinding

Croft et al. (2002)522 Insufficient information about exposure

Edelstyn & Oldershaw (2002)523 No information on control of exposure level

Lee et al. (2003)524 Insufficient information on exposure and control of exposure level

Smythe & Costall (2003)525 No information on control of exposure level

Maier et al. (2004)526 No information on exposure level

Papageorgiou et al. (2004)527 Insufficient information on control of exposure level, no information on blinding

Papageorgiou et al. (2006)528 No information on blinding

Hareuveny et al. (2011)529 No sham control group 

Mortazavi et al. (2012)530 No information on control of exposure level

Vecchio et al. (2012)531 No statistical comparison between sham and real exposure, insufficient data to conclude on statistical significance

Movvahedi et al. (2014)532 No information on control of exposure level

Malek et al. (2015)248 Incorrect information on exposure level; insufficient data to draw conclusions on difference between sham and real exposed

Kalafatakis et al. (2017)533 Parallel group design

Altuntas et al. (2018)534 No information on exposure level

Animal studies
Kumar et al. (2009)535 No exposure level, no sham control group

Narayanan et al. (2009)421 No information on exposure

Fragopoulou et al. (2010)536 Exposure level not clear
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Conclusion
The committee concludes that for the frequency ranges 700-2200 MHz 

and 2.2-5.0 GHz both favourable and unfavourable effects of exposure to 

radiofrequency electromagnetic fields on cognition are possible.  

No statement is possible for the frequency range of 20-40 GHz.

5.3 Sleep
Sleep is a phase in the diurnal rhythm that is used for the processing of 

impressions and consolidation in long-term memory, and to reset the brain 

and the body. Sleep has a number of distinct cyclic phases: shallow sleep, 

deep sleep and REM (rapid eye movement) sleep. Dreams occur in the 

latter phase. Usually there are 4 or 5 cycles per night. Sustained 

disturbance of the sleeping pattern can have an unfavourable effect on 

health. The committee has taken 47 studies into the relation between 

exposure to radiofrequency electromagnetic fields and sleep problems 

into account in this report, see table 40.

Table 40. Numbers of publications on the relation with sleep, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
21 epidemiological
26 experimental humans

No publications No publications 3 epidemiological

Animal studies
Arendash et al. (2010)254 Assessment of SAR not clear, no information about other relevant exposure quantities provided

Zhao et al. (2012)537 Type of RF EMF and timing of assay relative to exposure not specified

Hao et al. (2012)538 Power density measured in centre of cage, but large variation likely, therefore inadequate dosimetry

Hao et al. (2013)539 Power density measured in centre of cage, but large variation likely, therefore inadequate dosimetry

Banaceur et al. (2013)256 Assessment of SAR not clear, no information about other relevant exposure quantities provided

Ikinci et al. (2013)540 No dosimetry

Saikhedkar et al. (2014)429 Incorrect dosimetry (SAR calculated for humans), no other information on exposure level

Maaroufi et al. (2014)541 SAR incorrectly calculated using external electric field, which is not provided, no other information on exposure level

Narayanan et al. (2015)542 Mobile telephone in cage, no dosimetry

Razavinasab et al. (2016)356 Assessment of SAR not clear, no information about other relevant exposure quantities provided

Nirwane et al. (2016)543 Mobile telephone over aquarium, no dosimetry

Wang et al. (2016)544 Source of exposure not provided; incomplete dosimetry

Othman et al. (2017)358 No dosimetry, no exposure level

Varghese et al. (2017)411 Incomplete dosimetry

Nasser et al. (2018)545 No exposure level
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700-2200 MHz
Of the 21 epidemiological studies that were identified, 12 show no 

association, 6 show an unfavourable association, 2 show a favourable 

association and 1 an association that could be both favourable and 

unfavourable. In 12 experimental studies in human volunteers no effect on 

sleeping pattern was found, while in 14 other studies an effect was found 

that is not clearly favourable or unfavourable.

Table 41. Publications on the relation with sleep in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Cho et al. (2016)54 Epidemiology cohort Mobile telephone No association

Mohler et al. (2012)53 Epidemiology cohort Mobile telephone Association, not clearly favourable or unfavourable

Söderqvist et al. (2008)59 Epidemiology cross-sectional Mobile telephone No association

Redmayne et al. (2013)63 Epidemiology cross-sectional Mobile telephone No association

Cho et al. (2016)66 Epidemiology cross-sectional Mobile telephone No association

Heinrich et al. (2010, 2011)60, 61 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk

Huss et al. (2015)379 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk

Stalin et al. (2016)67 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk

Durusoy et al. (2017)68 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk

Cabré-Riera et al. (2019)546 Epidemiology cross-sectional Mobile telephone Unfavourable association / higher risk

Chiu et al. (2014)64 Epidemiology cross-sectional Mobile telephone Favourable association / lower risk

Tettamanti et al. (2020)547 Epidemiology cohort Base station No association

Röösli et al.(2010)548 Epidemiology cohort Base station Favourable association / lower risk

Hutter et al. (2006)75 Epidemiology cross-sectional Base station No association

Thomas et al. (2008)71 Epidemiology cross-sectional Base station No association

Berg-Beckhoff et al. (2009)72 Epidemiology cross-sectional Base station No association

Heinrich et al. (2011)61 Epidemiology cross-sectional Base station No association

Frei et al. (2012)56 Epidemiology cross-sectional Base station No association

Mohler et al. (2012)53 Epidemiology cross-sectional Base station No association

Martens et al. (2017)74 Epidemiology cross-sectional Base station No association

Huss et al. (2015)379 Epidemiology cross-sectional Base station Unfavourable association / higher risk

Wagner et al. (1998)549 Experimental humans adults healthy Mobile telephone No effect

Borbély et al. (1999)77 Experimental humans adults healthy Mobile telephone No effect

Wagner et al. (2000)550 Experimental humans adults healthy Mobile telephone No effect
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Excluded
Table 42. Excluded publications on the relation with sleep

Epidemiological studies Reason for exclusion
Eger & Jahn (2010)126 No peer-reviewed journal

Huss et al. (2015)379 Excluded for Wi-Fi, included for mobile phones

Redmayne et al. (2013)63 Excluded for Wi-Fi, included for mobile phones

Conclusion
Both favourable and unfavourable effects of exposure to radiofrequency 

electromagnetic fields have been found. For the frequency range of 

700-2200 MHz the conclusion is that an effect is possible. No statement is 

possible for the frequency ranges of 2.2-5.0 GHz and 20-40 GHz.

Reference Type of study Source of exposure Effect
Huber et al. (2000, 2003)78, 79 Experimental humans adults healthy Mobile telephone No effect

Fritzer et al. (2007)84 Experimental humans adults healthy Mobile telephone No effect

Danker-Hopfe et al. (2011)551 Experimental humans adults healthy Mobile telephone No effect

Lustenberger et al. (2015)552 Experimental humans adults healthy Mobile telephone No effect

Nakatani-Enomoto et al. (2013)553 Experimental humans adults healthy Mobile telephone No effect

Lowden et al. (2019)96 Experimental humans adults healthy Mobile telephone No effect

Mann and Röschke (1996)76 Experimental humans adults healthy Mobile telephone Favourable and unfavourable effect

Hung et al. (2007)147 Experimental humans adults healthy Mobile telephone Favourable and unfavourable effect

Lustenberger et al. (2013)92 Experimental humans adults healthy Mobile telephone Favourable and unfavourable effect

Huber et al. (2002)554 Experimental humans adults healthy Mobile telephone Effect, not clearly favourable or unfavourable

Loughran et al. (2005)555 Experimental humans adults healthy Mobile telephone Effect, not clearly favourable or unfavourable

Loughran et al. (2012)83 Experimental humans adults healthy Mobile telephone Effect, not clearly favourable or unfavourable

Regel et al. (2007)470 Experimental humans adults healthy Mobile telephone Effect, not clearly favourable or unfavourable

Schmid et al. (2012)89 Experimental humans adults healthy Mobile telephone Effect, not clearly favourable or unfavourable

Schmid et al. (2012)90 Experimental humans adults healthy Mobile telephone Effect, not clearly favourable or unfavourable

Danker-Hopfe et al. (2016)556 Experimental humans adults healthy Mobile telephone Effect, not clearly favourable or unfavourable

Danker-Hopfe et al. (2010)106 Experimental humans adults healthy Base station No effect

Jech et al. (2001)475 Experimental humans adults patient Mobile telephone No effect

Lowden et al. (2011)104 Experimental humans adults patient Mobile telephone Favourable and unfavourable effect

Leitgeb et al. (2008)111 Experimental humans electrosensitive Base station No effect
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5.4 Brain neurotransmission
A decrease in neurotransmission in nerves and brain tissue will have 

adverse consequences for brain function and therefore for the functioning 

of the body. The committee has taken 28 studies into the relation between 

exposure to radiofrequency electromagnetic fields and brain 

neurotransmission into account in this report, see table 43.

Table 43. Numbers of publications on the relation with brain neurotransmission, by 
frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
14 experimental animals 14 experimental animals No publications 10 experimental animals

700-2200 MHz
In 2 animal studies no effect was found on substances that are involved in 

brain neurotransmission, while in 8 studies an unfavourable effect was 

found. In 2 animal studies a favourable effect was found and in 2 others 

effects that are not clearly favourable or unfavourable.

Table 44. Publications on the relation with brain neurotransmission in the frequency 
range 700-2200 MHz

Reference Type of study Source of exposure Effect
Hata et al. (2005)557 Animal 1439 MHz TDMA No effect

Crouzier et al. (2007)420 Animal 1800 MHz GSM No effect

Mausset et al. (2001)558 Animal 900 MHz GSM and 
continuous

Unfavourable effect / higher 
risk

Mausset-Bonnefont et 
al. (2004)375

Animal 900 MHz GSM Unfavourable effect / higher 
risk

Aboul Ezz et al. (2013)559 Animal 1800 MHz GSM Unfavourable effect / higher 
risk

Megha et al. (2015)560 Animal 900 and 1800 MHz Unfavourable effect / higher 
risk

Kim et al. (2017)492 Animal 835 MHz Unfavourable effect / higher 
risk

Zhang et al. (2017)391 Animal 1800 MHz Unfavourable effect / higher 
risk

Kim et al. (2019)561 Animal 835 MHz Unfavourable effect / higher 
risk

Belyaev et al. (2006)562 Animal 900 MHz GSM Favourable effect / lower risk

Bodera et al. (2019)563 Animal 1800 MHz Favourable effect / lower risk

Khadrawy et al. (2009)564 Animal 900 MHz GSM Effect, not clearly favourable 
or unfavourable

Ahmed et al. (2018)565 Animal 1800 MHz Effect, not clearly favourable 
or unfavourable

2.2-5.0 GHz
In 1 animal study no effect was found and 9 studies showed an 

unfavourable effect. In 1 study both favourable and unfavourable effects 

were found and in 3 studies effects that are not clearly favourable or 

unfavourable.
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Table 45. Publications on the relation with brain neurotransmission in the frequency 
range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Crouzier et al. (2007)402 Animal 2450 MHz pulsed with 

1 kHz
No effect

Lai et al. (1990)566 Animal 2450 MHz pulsed Unfavourable effect / higher risk

Lai et al. (1991)567 Animal 2450 MHz pulsed Unfavourable effect / higher risk

Lai et al. (1992)568 Animal 2450 MHz pulsed Unfavourable effect / higher risk

Inaba et al. (1992)569 Animal 2450 MHz Unfavourable effect / higher risk

Lai et al. (1994)502 Animal 2450 MHz pulsed Unfavourable effect / higher risk

Lai et al. (1996)570 Animal 2450 MHz pulsed Unfavourable effect / higher risk

Shtemberg et al. 
(2001)408

Animal 4200 MHz modulated 
with 20 Hz–20 kHz

Unfavourable effect / higher risk

Wang et al. (2015)571 Animal 2.856 GHz pulsed Unfavourable effect / higher risk

Tan et al. (2017)493 Animal 2.856 GHz Unfavourable effect / higher risk

Qiao et al. (2014)508 Animal 2.856 GHz pulsed Favourable and unfavourable 
effect

Lai et al. (1992)572 Animal 2450 MHz pulsed Effect, not clearly favourable or 
unfavourable

Li et al. (2015)510 Animal 2.856 GHz pulsed Effect, not clearly favourable or 
unfavourable

Wang et al. (2015)509 Animal 2.856 GHz Effect, not clearly favourable or 
unfavourable

Excluded
Table 46. Excluded publications on the relation with brain neurotransmission

Animal studies Reason for exclusion
Wang et al. (2009)573 Not clear at what time points sham controls were assayed; type of 

microwaves not specified
Maskey et al. (2010)574 Whole-body SAR, assessment unclear: not calculated, no measurements 

of temperature or electric field
Noor et al. (2011)575 Units of concentration not provided and an unusual assay parameter used, 

the equilibrium ratio percent, which is not explained
Dogan et al. (2012)576 No exposure level

Jing et al. (2012)348 No exposure level, no frequency provided

Wang et al. (2012)577 No exposure source and frequency reported

Zhao et al. (2012) 537 Not clear whether time points of neurotransmitter assays were calculated 
from the first or the last exposure; type of field not specified

Maaroufi et al. (2014)541 SAR incorrectly calculated using external electric field, which is not 
provided, no other information on exposure level

Maskey et al. (2014) 578 SAR assessment unclear: not calculated, no measurements of 
temperature or electric field

Song et al. (2015)579 No dosimetry, no sham control group

Conclusion
The committee concludes that radiofrequency electromagnetic fields may 

have an effect on brain neurotransmission. For the frequency ranges of 

700-2200 MHz and 2.2-5.0 GHz it is concluded that an effect is possible. 

No statement is possible for the frequency range of 20-40 GHz.

5.5 Brain electrical activity
The brain functions using chemical and electrical processes. These are 

continuously influenced by all kinds of factors and behaviours. Changes in 

electrical processes in the brain continuously occur. The committee has 
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taken 80 studies into the relation between exposure to radiofrequency 

electromagnetic fields and brain electrical activity into account in this 

report, see table 47.

Table 47. Numbers of publications on the relation with brain electrical activity, by 
frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
64 experimental humans
9 experimental animals

1 experimental humans
6 experimental animals

No publications 3 experimental humans
10 experimental animals

700-2200 MHz
In 23 human experimental studies no effects on brain electrical activity 

were observed, and in 41 studies effects were observed that are not 

clearly favourable or unfavourable. In 4 animal studies no effects were 

found and in 5 studies effects that are not clearly favourable or 

unfavourable.
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Table 48. Publications on the relation with brain electrical activity in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Hinrichs & Heinze (2004)580 Experimental humans adults event related potentials Mobile telephone No effect

Hamblin et al. (2006)452 Experimental humans adults event related potentials Mobile telephone No effect

Yuasa et al. (2006)581 Experimental humans adults event related potentials Mobile telephone No effect

Ferreri et al. (2006)582 Experimental humans adults event related potentials Mobile telephone No effect

Stefanics et al. (2008)164 Experimental humans adults event related potentials Mobile telephone No effect

Kleinlogel et al. (2008)460 Experimental humans adults event related potentials Mobile telephone No effect

Parazzini et al. (2009)165 Experimental humans adults event related potentials Mobile telephone No effect

Parazzini et al. (2010)166 Experimental humans adults event related potentials Mobile telephone No effect

Kwon et al. (2009)583 Experimental humans adults event related potentials Mobile telephone No effect

Trunk et al. (2014)584 Experimental humans adults event related potentials Mobile telephone No effect

Dalecki et al. (2018)585 Experimental humans adults event related potentials Mobile telephone No effect

Freude et al. (1998)441 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Freude et al. (2000)442 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Krause et al. (2000)443 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Krause et al. (2000)444 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Krause et al. (2004)463 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Krause et al. (2007)445 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Hamblin et al. (2004)464 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Vecchio et al. (2012)531 Experimental humans adults event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Inomata-Terada et al. (2007)586 Experimental humans adults patient event related potentials Mobile telephone No effect

Jech et al. (2001)475 Experimental humans adults patient event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Maby et al. (2005, 2006)587, 588 Experimental humans adults patient event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Tombini et al. (2013)589 Experimental humans adults patient event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Curcio et al. (2015)590 Experimental humans adults patient event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Kwon et al. (2010)591 Experimental humans children event related potentials Mobile telephone No effect

Krause et al. (2006)592 Experimental humans children event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Leung et al. (2011)474 Experimental humans children event related potentials Mobile telephone Effect, not clearly favourable or unfavourable

Röschke & Mann (1997)593 Experimental humans adults EEG awake Mobile telephone No effect

Perentos et al. (2007)594 Experimental humans adults EEG awake Mobile telephone No effect

Kleinlogel et al. (2008)86 Experimental humans adults EEG awake Mobile telephone No effect

Hietanen et al. (2000)595 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Huber et al. (2002)554 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable
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Reference Type of study Source of exposure Effect
D’Costa et al. (2003)596 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Curcio et al. (2005)82 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Regel et al. (2007)597 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Vecchio et al. (2007)598 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Vecchio et al. (2010)599 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Croft et al. (2008)600 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Hountala et al. (2008)601 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Perentos et al (2013)602 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Ghosn et al. (2015)226 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Lv et al. (2014)603 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Yang et al. (2017)604 Experimental humans adults EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Vecchio et al. (2012)605 Experimental humans adults patient EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Loughran et al. (2013)473 Experimental humans children EEG awake Mobile telephone No effect

Croft et al. (2010)97 Experimental humans children EEG awake Mobile telephone Effect, not clearly favourable or unfavourable

Wagner et al. (1998)549 Experimental humans adults EEG sleep Mobile telephone No effect

Wagner et al. (2000)550 Experimental humans adults EEG sleep Mobile telephone No effect

Danker-Hopfe et al. (2011)551 Experimental humans adults EEG sleep Mobile telephone No effect

Lustenberger et al. (2015)552 Experimental humans adults EEG sleep Mobile telephone No effect

Mann & Röschke (1996)76 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Huber et al. (2002)554 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Loughran et al. (2005)555 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Loughran et al. (2012)83 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Regel et al. (2007)470 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Hung et al. (2007)147 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Schmid et al. (2012)89 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Schmid et al. (2012)90 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Lustenberger et al. (2013)92 Experimental humans adults EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Danker-Hopfe et al. (2010)106 Experimental humans adults EEG sleep Base station No effect

Borbély et al. (1999)77 Experimental humans adults EEG sleep Base station Effect, not clearly favourable or unfavourable

Huber et al. (2000)78 Experimental humans adults EEG sleep Base station Effect, not clearly favourable or unfavourable

Jech et al. (2001)475 Experimental humans adults patient EEG sleep Mobile telephone No effect

Lowden et al. (2011)104 Experimental humans adults patient EEG sleep Mobile telephone Effect, not clearly favourable or unfavourable

Crouzier et al. (2007)420 Animal 1800 MHz GSM Unfavourable effect / higher risk

López-Martín et al. (2009)606 Animal 900 MHz GSM Unfavourable effect / higher risk
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2.2-5.0 GHz
In 1 human experimental study no effect on brain electrical activity was 

found. In 2 animal studies no effects were found and in 4 animal studies 

effects that are not clearly favourable or unfavourable.

Table 49. Publications on the relation with brain electrical activity in the frequency 
range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Zentai et al. (2015)614 Experimental humans 

adults EEG awake
Mobile telephone Unfavourable effect / higher 

risk
Crouzier et al. 
(2007)402

Animal EEG 2450 MHz pulsed with 
1 kHz

Unfavourable effect / higher 
risk

Wang et al. (2013)507 Animal EEG 2.856 GHz pulsed Unfavourable effect / higher 
risk

Thuróczy et al. 
(1994)615

Animal EEG 2450 MHz continuous Effect, not clearly favourable 
or unfavourable

Sinha et al. (2008)412 Animal EEG 2450 MHz modulated 
with 1 kHz

Effect, not clearly favourable 
or unfavourable

Li et al. (2015)510 Animal EEG 2.856 GHz Effect, not clearly favourable 
or unfavourable

Tan et al. (2017)493 Animal EEG 2.856 GHz Effect, not clearly favourable 
or unfavourable

Excluded
Table 50. Excluded publications on the relation with brain electrical activity

Human experimental studies Reason for exclusion
Lv et al. (2015)616 No peer-reviewed journal

Roggeveen et al. (2015)617 Single-blind experiments, no within-subject control of time-of-day, 
no clear sham exposure control condition

Roggeveen et al. (2015)618 Single-blind experiments, no within-subject control of time-of-day, 
no clear sham exposure control condition

Animal studies
Vorobyov et al. (1997)619 Fixed order of exposure

Sidorenko (1999)620 No sham control group; exposure levels not sufficiently controlled 
and documented

Marino et al. (2003)621 Exposure not assessed

Chizhenkova (2004)622 Not clear whether separate animals or repeated measurements in 
the same animals were used; not clear whether controls were 
sham exposed

Barcal et al. (2005)623 Exposure not assessed

Petrova et al. (2005)624 No dosimetry

Sallam (2006)625 No control group

Sallam et al. (2008)626 No sham control group

Razavinasab et al. (2016)356 SAR assessment unclear, no other exposure information

Sistani et al. (2019)627 No dosimetry, no sham control group

Reference Type of study Source of exposure Effect
Pelletier et al. (2013)607 Animal 900 MHz Unfavourable effect / higher risk

Prochnow et al. (2011)608 Animal 2000 MHz UMTS Unfavourable effect / higher risk

Chizhenkova & Safroshkina (1996)609 Animal ~800 MHz Effect, not clearly favourable or unfavourable

Vorobyov et al. (2004)610 Animal 915 MHz modulated with 4 Hz Effect, not clearly favourable or unfavourable

Vorobyov et al. (2010)611 Animal 915 MHz modulated with 4 Hz Effect, not clearly favourable or unfavourable

Mohammed et al. (2013)612 Animal 900 MHz continuous and modulated with 8 and 16 Hz Effect, not clearly favourable or unfavourable

Hidisoglu et al. (2016)613 Animal 2100 MHz GSM Effect, not clearly favourable or unfavourable
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Conclusion
The committee concludes that exposure to radiofrequency 

electromagnetic fields can have an effect on brain electrical activity. For 

the frequency range of 700-2200 MHz the conclusion is that an effect is 

likely, but it is not clear whether the effects are favourable or unfavourable. 

For the 2.2-5.0 GHz range the conclusion is that a (favourable or 

unfavourable) effect is possible. No statement is possible for the 

frequency range of 20-40 GHz.

5.6 Blood-brain barrier
The blood-brain barrier plays an important role in protecting the brain 

against harmful substances in the blood. These cannot reach the brain 

tissue. A decrease in the effectiveness of the blood-brain barrier may 

increase the risk of brain damage. The committee has taken 32 studies 

into the relation between exposure to radiofrequency electromagnetic 

fields and the blood-brain barrier into account in this report, see table 51.

Table 51. Numbers of publications on the relation with the blood-brain barrier, by 
frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
1 epidemiological
26 experimental animals

5 experimental animals No publications 9 experimental animals

700-2200 MHz
There is 1 epidemiological study that did not find an association between 

exposure to electromagnetic fields between 700 and 2200 MHz and 

several indicators of effects on the blood-brain barrier. In addition, 18 

animal studies did not show effects on the blood-brain barrier, in 2 studies 

an effect was found that was not clearly favourable or unfavourable, and 

in 6 studies an unfavourable effect: indications for an increase in the 

permeability of the blood-brain barrier.
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Table 52. Publications on the relation with the blood-brain barrier in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Söderqvist et al. (2009)628 Epidemiology cross-sectional Mobile telephone No association

Söderqvist et al. (2009)629 Epidemiology cross-sectional Mobile telephone No association

Söderqvist et al. (2009)630 Epidemiology cross-sectional Mobile telephone No association

Finnie et al. (2001)631 Animal 898 MHz GSM No effect

Finnie et al. (2002)632, Finnie & Blumbergs (2004)633 Animal 900 MHz GSM No effect

Kuribayashi et al. (2005)634 Animal 1439 MHz TDMA No effect

Finnie et al. (2006)635 Animal 900 MHz GSM No effect

Finnie et al. (2006)636 Animal 900 MHz GSM No effect

Kumlin et al. (2007)393 Animal 900 MHz GSM No effect

Masuda et al. (2007)637 Animal 1439 MHz TDMA pulsed No effect

Masuda et al. (2007)638 Animal 1439 MHz TDMA pulsed No effect

Ushiyama et al. (2007)639 Animal 1500 MHz TDMA No effect

Grafström et al. (2008)640 Animal 900 MHz GSM No effect

McQuade et al. (2009)641 Animal 915 MHz continuous and pulsed with 16 and 217 Hz No effect

Masuda et al. (2009)642 Animal 915 MHz GSM No effect

Poulletier de Gannes et al. (2009)643 Animal 915 MHz GSM No effect

Finnie et al. (2009)644 Animal 900 MHz GSM No effect

Nittby et al. (2011)645 Animal 900 MHz GSM No effect

Masuda et al. (2015)646 Animal 1439 MHz PDC No effect

Masuda et al. (2015)647 Animal 1439 MHz PDC No effect

Poulletier de Gannes et al. (2017)648 Animal 1800 MHz GSM and 1960 MHz UMTS No effect

Fritze et al. (1997)649 Animal 900 MHz GSM and continuous Unfavourable effect / higher risk

Eberhardt et al. (2008)650 Animal 915 MHz GSM Unfavourable effect / higher risk

Sirav & Seyhan (2009)651 Animal 900 en 1800 MHz continuous Unfavourable effect / higher risk

Sirav & Seyhan (2011)652 Animal 900 en 1800 MHz continuous Unfavourable effect / higher risk

Tang et al. (2015)490 Animal 900 MHz GSM Unfavourable effect / higher risk

Sirav & Seyhan (2016)653 Animal 900 and 1800 MHz GSM Unfavourable effect / higher risk

Belyaev et al. (2006)562 Animal 915 MHz GSM Effect, not clearly favourable or unfavourable

Nittby et al. (2008)654 Animal 1800 MHz GSM Effect, not clearly favourable or unfavourable
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2.2-5.0 GHz
In 3 animal studies no effect was found on the blood-brain barrier, in  

2 other studies an unfavourable effect was found.

Table 53. Publications on the relation with the blood-brain barrier in the frequency 
range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Moriyama et al. (1991)655 Animal 2450 MHz continuous No effect

Lin et al. (1998)656 Animal 2450 MHz continuous No effect

Cosquer et al. (2005)500 Animal 2450 MHz pulsed No effect

Neubauer et al. (1990)657 Animal 2450 MHz pulsed Unfavourable effect / 
higher risk

Lange & Sedmak (1991)658 Animal 2450 MHz continuous Unfavourable effect /  
higher risk

Excluded
Table 54. Excluded publications on the relation with the blood-brain barrier

Animal studies Reason for exclusion
Persson et al. (1992)659 No dosimetry; insufficient description of experimental  

protocols and exposure
Salford et al. (1993)660 SAR incorrectly calculated from external electric field.

Salford et al. (1994)661 No dosimetry

Persson et al. (1997)662 Incomplete dosimetry, insufficient information about exposure level

Tsurita et al. (2000)663 No dosimetry

Salford et al. (2003)664 Incomplete dosimetry; SAR variations due to animal size,  
position and age not analysed; peak power density given,  
but no information on brain exposure

Persson et al. (2005)665 No dosimetry

Vojtisek et al. (2005)666 No dosimetry

Nittby et al. (2009)667 No data on neurodegeneration; incomplete dosimetry;  
SAR assessment unclear

Conclusion
The committee concludes that no unambiguous effects of exposure to 

radiofrequency electromagnetic fields on the blood-brain barrier have 

been found. For the frequency ranges of 700-2200 MHz and 2.2-5.0 GHz 

the conclusion is that an effect is possible. No statement is possible for 

the frequency range of 20-40 GHz.

5.7 Neurodegeneration
Neurodegeneration is the gradual decline of nerve cell functions and an 

increase of their death. This can lead to diseases such as ALS and 

Alzheimer. The committee has taken 13 studies into the relation between 

exposure to radiofrequency electromagnetic fields and neurodegeneration 

in brain tissue into account in this report, see table 55. In these studies, 

various endpoints have been investigated: death of nerve cells – occurring 

as a normal biological process (apoptosis) –, nerve cell activity, blood 

circulation in the brain and changes in the number of glial cells and the 

density of neurotransmitter vesicles.

Table 55. Numbers of publications on the relation with neurodegeneration of brain 
tissue, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
13 experimental animals No publications No publications 13 experimental animals
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700-2200 MHz
In 4 out of 13 animal studies no effect was found on neurodegeneration  

of brain tissue. In 8 studies an increase in neurodegeneration was found 

and in 1 study both favourable and unfavourable effects.

Table 56. Publications on the relation with neurodegeneration of brain tissue in the 
frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Masuda et al. (2009)642 Animal 900 MHz GSM No effect

Poulletier de Gannes et al. 
(2009)643

Animal 915 MHz GSM No effect

De Pomerai et al. (2016)668 Animal 1800 MHz No effect

Zhang et al. (2017)391 Animal 1800 MHz No effect

Eberhardt et al. (2008)650 Animal 915 MHz GSM Unfavourable effect / 
higher risk

Mori & Arendash (2011)482 Animal 918 MHz GSM Unfavourable effect / 
higher risk

Arendash et al. (2012)483 Animal 918 MHz GSM Unfavourable effect / 
higher risk

Barthélémy et al. (2016)381 Animal 900 MHz Unfavourable effect / 
higher risk

Kim et al. (2017)394 Animal 835 MHz Unfavourable effect / 
higher risk

Kim et al. (2017)492 Animal 83 MHz Unfavourable effect / 
higher risk

Gökçek-Saraç et al. (2017)669 Animal 900 and 2100 MHz Unfavourable effect / 
higher risk

Kim et al. (2018)670 Animal 835 MHz Unfavourable effect / 
higher risk

Keleş et al. (2019)671 Animal 909 MHz Favourable and 
unfavourable effect

Excluded
Table 57. Excluded publications on the relation with neurodegeneration  
of brain tissue

Animal studies Reason for exclusion
Salford et al. (2003)664 Incomplete dosimetry; SAR variations due to animal size, position 

and age not analysed; peak power density provided, but no 
information on brain exposure

Seaman & Phelix (2005)672 Incorrect information on dosimetry; no other exposure information

Nittby et al. (2009)667 No data on neurodegeneration; incomplete dosimetry; assessment 
SAR unclear

Arendash et al. (2010)254 Assessment SAR unclear, no other exposure information

Dragicevic et al. (2011)255 SAR calculated incorrectly from external electric field

Dasdag et al. (2012)673 SAR calculated incorrectly from external electric field

Celikozlu et al. (2012)674 No exposure level; no frequency

Aldad et al. (2012)347 Mobile telephone on cage; no dosimetry, no exposure level

Banaceur et al. (2013)256 No information on SAR assessment

Kopani et al. (2017)675 Incomplete dosimetry

Obajuluwa et al. (2017)411 No dosimetry; no exposure level

Fragopoulou et al. (2018)676 Exposure by mobile phone; no exposure level

Seymen et al. (2019)677 No sham control group, incorrect dosimetry

Conclusion
The committee concludes that in some studies an increased level of 

neurodegeneration was found, but that the endpoints used are widely 

varying. The conclusion for the frequency range of 700-2200 MHz is that 

effects are possible. No statement is possible for the frequency ranges  

of 2.2-5.0 GHz and 20-40 GHz.
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5.8 Brain gene expression
Studies on gene expression aim to investigate which parts of the DNA  

are expressed, i.e., which parts will produce proteins. Gene expression 

studies generally do not focus on specific genes, but investigate the 

expression of hundreds of genes simultaneously. Changes in gene 

expression occur continuously in response to many internal and external 

stimuli. They express the ability of an organism to adapt to changing 

circumstances. Information on gene expression may provide data on the 

formation of proteins that are involved in processes that are unfavourable 

for the organism. The committee has taken 51 studies into the relation 

between exposure to radiofrequency electromagnetic fields and gene 

expression in the brain into consideration in this report, see table 58.

Table 58. Numbers of publications on the relation with gene expression in brain,  
by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
38 experimental animals 13 experimental animals No publications 36 experimental animals

700-2200 MHz
No effect on gene expression in brain tissue was found in 17 animal 

studies. In 16 studies a possible unfavourable effect was found, in 3 

studies an effect that is not clearly favourable or unfavourable and in 2 

studies effects that can be both favourable and unfavourable.

Table 59. Publications on the relation with gene expression in brain in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Fritze et al. (1997)678 Animal 900 MHz GSM and continuous No effect

Stagg et al. (2001)679 Animal 1600 MHz pulsed with 11 Hz No effect

Finnie (2005)680 Animal 900 MHz GSM No effect

Belyaev et al. (2006)562 Animal 915 MHz GSM No effect

Finnie et al. (2006)681 Animal 900 MHz GSM No effect

Finnie et al. (2007)682 Animal 900 MHz GSM No effect

Paparini et al. (2008)683 Animal 1800 MHz GSM No effect

Finnie et al. (2009)684 Animal 900 MHz GSM No effect

Finnie et al. (2009)644 Animal 900 MHz GSM No effect

Finnie et al. (2010)685 Animal 900 MHz GSM No effect

Watilliaux et al. (2011)686 Animal 1800 MHz GSM No effect

Bouji et al. (2012)377 Animal 900 MHz GSM No effect
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Reference Type of study Source of exposure Effect
Court-Kowalski et al. (2015)687 Animal 900 MHz GSM No effect

McNamee et al. (2016)688 Animal 1900 MHz continuous and pulsed with 50 Hz No effect

Bouij et al. (2016)484 Animal 900 MHz GSM No effect

Petitdant et al. (2016)382 Animal 900 MHz GSM No effect

Lameth et al. (2017)689 Animal 1800 MHz No effect

Morrissey et al. (1999)690 Animal 1600 MHz continuous and pulsed with 11 Hz Unfavourable effect / higher risk

Mausset-Bonnefont et al. (2004)375 Animal 900 MHz GSM Unfavourable effect / higher risk

Kuribayashi et al. (2005)634 Animal 1439 MHz TDMA Unfavourable effect / higher risk

Brillaud et al. (2007)691 Animal 900 MHz GSM Unfavourable effect / higher risk

Nittby et al. (2008)654 Animal 1800 MHz GSM Unfavourable effect / higher risk

Ammari et al. (2008)692 Animal 900 MHz GSM Unfavourable effect / higher risk

López-Martín et al. (2009)606 Animal 900 MHz GSM Unfavourable effect / higher risk

Ammari et al. (2010)693 Animal 900 MHz GSM Unfavourable effect / higher risk

Carballo-Quintás et al. (2011)423 Animal 900 MHz GSM Unfavourable effect / higher risk

Jeong et al. (2015)488 Animal 1950 MHz Unfavourable effect / higher risk

Daşdağ et al. (2015)694 Animal 900 MHz GSM Unfavourable effect / higher risk

Megha et al. (2015)560 Animal 900 and 1800 MHz Unfavourable effect / higher risk

Deshmukh et al. (2015)489 Animal 900 and 1800 MHz Unfavourable effect / higher risk

Deshmukh et al. (2016)491 Animal 900 and 1800 MHz Unfavourable effect / higher risk

Xu et al. (2017)695 Animal 1800 MHz Unfavourable effect / higher risk

Kumar et al. (2019)696 Animal 900 and 1800 MHz Unfavourable effect / higher risk

Zhao et al. (2015)697 Animal 2100 MHz Favourable and unfavourable effect

Barthélémy et al. (2016)381 Animal 900 MHz GSM Favourable and unfavourable effect

Fragopoulou et al. (2012)698 Animal 900 MHz GSM Effect, not clearly favourable or unfavourable

Gökcek-Sarac et al. (2017)669 Animal 900 and 2100 MHz Effect, not clearly favourable or unfavourable

Fragopoulou et al. (2018)676 Animal 1800 MHz Effect, not clearly favourable or unfavourable

2.2-5.0 GHz
In 3 animal studies no effect on gene expression was found, in 8 studies  

a possibly unfavourable effect, in 1 study an effect not clearly favourable 

or unfavourable and in 1 study an effect that can be both favourable and 

unfavourable. It mostly concerns the expression of genes involved in 

stress responses.
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Table 60. Publications on the relation with gene expression in brain in the frequency range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Xiong et al. (2015)699 Animal 2.856 GHz pulsed No effect

Wang et al. (2015)571 Animal 2.856 GHz pulsed No effect

Wang et al. (2017)512 Animal 2.856 GHz pulsed No effect

Paulraj & Behari (2006)700 Animal 2540 MHz Unfavourable effect / higher risk

Jorge-Mora et al. (2011)701 Animal 2450 MHz Unfavourable effect / higher risk

Daşdağ et al. (2015)694 Animal 2.4 GHz Wi-Fi Unfavourable effect / higher risk

Deshmukh et al. (2015)489 Animal 2450 MHz Unfavourable effect / higher risk

Deshmukh et al. (2016)491 Animal 2450 MHz Unfavourable effect / higher risk

Ohtani et al. (2016)702 Animal 2240 MHz WCDMA Unfavourable effect / higher risk

Obajuluwa et al. (2017)411 Animal 2.5 GHz Unfavourable effect / higher risk

Kumar et al. (2019)696 Animal 2450 MHz Unfavourable effect / higher risk

Wang et al. (2015)509 Animal 2.856 GHz pulsed Favourable and unfavourable effect

Yang et al. (2012)703 Animal 2540 MHz pulsed Effect, not clearly favourable or unfavourable

Excluded
Table 61. Excluded publications on the relation with gene expression in brain

Animal studies Reason for exclusion
Singh et al. (1994)704 No statistical analysis; incomplete dosimetry

Daşdağ et al. (2004)705 No dosimetry

El-Swefy et al. (2008)706 No dosimetry

Kim et al. (2008)707 No statistical analysis, only descriptive

Lee et al. (2008)708 SAR assessment unclear; no sham control group

Yilmaz et al. (2008)709 No statistical analysis, only descriptive

Guler et al. (2010)710 Experimental procedures unclear: stated that after exposure during pregnancy, animals were left until the end of pregnancy, but also that animals were killed the day after the 
exposure

Maskey et al. (2010)711 SAR assessment unclear: not calculated, no measurements of temperature or electric field

Maskey et al. (2010)574 SAR assessment unclear: not calculated, no measurements of temperature or electric field

Aryal et al. (2011)712 From Maskey et al. (2010)711: SAR assessment unclear: not calculated, no measurements of temperature or electric field

Dogan et al. (2012)576 No exposure level

Jing et al. (2012)348 No exposure level, no frequency reported
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Conclusion
The committee concludes that for the frequency ranges of 700-2200 MHz 

and 2.2-5.0 GHz effects on the expression of genes in brain tissue that 

may result in unfavourable health effects are possible. No statement is 

possible for the frequency range of 20-40 GHz.

Animal studies Reason for exclusion
Maskey et al. (2012)713 From Maskey et al. (2010)711: SAR assessment unclear: not calculated, no measurements of temperature or electric field

Tsybulin et al. (2012)714 Incomplete and incorrect dosimetry

Eser et al. (2013)715 Incomplete dosimetry, SAR incorrectly calculated from external electric field; power density assessed, but not indicated at which location

Kesari et al. (2014)716 SAR calculated using external electric field, which is not provided

Motawi et al. (2014)717 No exposure level, no sham control

Saikhedkar et al. (2014)429 Incomplete and incorrect dosimetry

Yilmaz et al. (2014)718 Incomplete dosimetry, SAR incorrectly calculated from external electric field

Saili et al. (2015)719 No dosimetry

Sangun et al. (2015)339 Exposure of foetus and newborns not provided; quoted SAR levels for adults; exposure head-on, so variation over body

Song et al. (2015)579 No exposure level, no sham control

Tohidi et al. (2015)720 No dosimetry

Guler et al. (2016)721 Incomplete dosimetry

Hussein et al. (2016)722 No dosimetry

Kerimoğlu et al. (2016)723 No dosimetry

Kim et al. (2016)724 Incomplete dosimetry

Wang et al. (2016)544 Source of exposure not provided; incomplete dosimetry

Hassanshahi et al. (2017)432 No dosimetry

Kim et al. (2017)725 Incomplete dosimetry

Othman et al. (2017)359 No dosimetry, no exposure level

Othman et al. (2017)358 No dosimetry, no exposure level

Varghese et al. (2017)411 Incomplete dosimetry

Ghatei et al. (2017)726 No dosimetry

Gohari et al. (2017)727 No dosimetry

Ibitayo et al. (2017)728 No dosimetry
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5.9 Immune system
The immune system consists of many components in blood, bone marrow 

and other tissues. An effect on one of these components does not 

necessarily mean that the entire immune system is compromised.  

A reduced immune system can lead to a greater susceptibility to infections 

and other diseases. On the other hand, an over-functioning immune 

system can also be involved in the development of diseases, such as 

autoimmunity. The committee has taken 23 studies into the relation 

between exposure to radiofrequency electromagnetic fields and the 

immune system into account in this report, see table 62.

Table 62. Numbers of publications on the relation with the immune system, by 
frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
3 experimental humans
9 experimental animals

10 experimental animals No publications 1 epidemiological
5 experimental animals

700-2200 MHz
In 3 human experimental studies and 7 animal studies no effects on the 

immune system have been found. In 2 other animal studies unfavourable 

effects on the immune system were observed.

Table 63. Publications on the relation with the immune system in the frequency range 
700-2200 MHz

Reference Type of study Source of exposure Effect
Radon et al. (2001)729 Experimental humans 

adults
Mobile telephone No effect

Johansson et al. (2008)87 Experimental humans 
electrosensitive

Mobile telephone No effect

Augner et al. (2010)730 Experimental humans 
adults

Base station No effect

Chagnaud & Veyret 
(1999)731

Animal 900 MHz GSM No effect

Gatta et al. (2003)732 Animal 900 MHz GSM No effect

Nasta et al. (2006)733 Animal 900 MHz GSM No effect

Prisco et al. (2008)734 Animal 900 MHz GSM No effect

Watilliaux et al. (2011)686 Animal 1800 MHz GSM No effect

Jin et al. (2012)735 Animal 849 MHz CDMA and 
1900 MHz WCDMA

No effect

Rosado et al. (2014)736 Animal 900 MHz GSM No effect

Bouji et al. (2012)377 Animal 900 MHz GSM Unfavourable effect / 
higher risk

Megha et al. (2012)737 Animal 900 en 1800 MHz GSM Unfavourable effect / 
higher risk

2.2-5.0 GHz
In 6 animal studies no effects on the immune system were found and in  

4 studies unfavourable effects were found.
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Table 64. Publications on the relation with the immune system in the frequency range 
2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Chou et al. (1992)406 Animal 2450 MHz pulsed No effect

Elekes et al. (1996)738 Animal 2450 MHz continuous 
and modulated

No effect

Poulletier de Gannes et al. (2009)739 Animal 2450 MHz No effect

Sambucci et al. (2010)740 Animal 2450 MHz Wi-Fi No effect

Laudisi et al. (2012)741 Animal 2450 MHz Wi-Fi No effect

Aït-Aïssa et al. (2012)334 Animal 2450 MHz Wi-Fi No effect

Nakamura et al. (1997)742 Animal 2450 MHz continuous Unfavourable effect / 
higher risk

Nakamura et al. (1998)743 Animal 2450 MHz Unfavourable effect / 
higher risk

Grigoriev et al. (2010)744 Animal 2450 MHz Unfavourable effect / 
higher risk

Sambucci et al. (2011)745 Animal 2450 MHz Wi-Fi Unfavourable effect / 
higher risk

Excluded
Table 65. Excluded publications on the relation with the immune system

Epidemiological studies Reason for exclusion
Møllerløkken & Moen (2008)48 Radar frequencies outside ranges (9.1-9.4 GHz)

Animal studies
Fesenko et al. (1999)746 Presentation of results and assessment of significance of differences 

unclear
Novoselova et al. (1999)747 Presentation of results and assessment of significance of differences 

unclear
Moustafa et al. (2001)748 No sham control group; no control of exposure level

Kimata (2005)749 No control of exposure level, fixed order of exposure conditions; no 
statistical comparison between sham and real exposure

Eser et al. (2013)715 Incomplete dosimetry; SAR assessed incorrectly using external electric 
field; power density assessed, but not indicated at which location

Conclusion
The committee concludes that for the frequency ranges of 700-2200 MHz 

and 2.2-5.0 GHz no unfavourable effects of exposure to radiofrequency 

electromagnetic fields on the immune system have been found. No 

statement is possible for the frequency range of 20-40 GHz.

5.10 Blood
Blood has a vital function in transporting oxygen and nutrients to tissues 

and to remove waste products. It also contains components of the 

immune system and it transports hormones. Disturbance of one or more 

of these functions may adversely affect health. The committee has taken  

7 studies into the relation between exposure to radiofrequency 

electromagnetic fields and blood into account in this report, see table 66.

Table 66. Numbers of publications on the relation with blood, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
3 experimental animals 4 experimental animals No publications 1 epidemiological

7 experimental animals

700-2200 MHz
In 2 of the 3 animal studies into effects of exposure to electromagnetic 

fields on components of the blood an unfavourable effect has been found, 

in the third one a favourable effect.
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Table 67. Publications on the relation with blood in the frequency  
range 700-2200 MHz

Reference Type of study Source of exposure Effect
Jin et al. (2011)750 Animal 850 MHz CDMA and 

1950 MHz WCDMA
Unfavourable effect / higher 
risk

Kismali et al. (2012)751 Animal 1800 MHz GSM Unfavourable effect / higher 
risk

Cao et al. (2011)752 Animal 900 MHz continuous Favourable effect / lower risk

2.2-5.0 GHz
In 1 animal study no effect was found on components of the blood,  

in 3 studies unfavourable effects were found.

Table 68. Publications on the relation with blood in the frequency  
range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Braithwaite et al. (1991)753 Animal 2450 MHz continuous No effect

Trošić et al. (2004)754 Animal 2450 MHz continuous Unfavourable effect / 
higher risk

Trošić & Busljeta (2006)755 Animal 2450 MHz continuous Unfavourable effect / 
higher risk

Shahin et al. (2013)304 Animal 2450 MHz continuous Unfavourable effect / 
higher risk

Excluded
Table 69. Excluded publications on the relation with blood

Epidemiological studies Reason for exclusion
Goldoni et al. (1993)756 Non-specified radar

Animal studies
Nakamura et al. (2003)343 No sham control group

Busljeta et al. (2004)757 No sham control group

Adang et al. (2009)758 Methodological deficiencies and flawed data analysis759

Achudume et al. (2010)760 No dosimetry, SAR incorrectly indicated in μV/m.

Mortavazi et al. (2012)761 No dosimetry

Shojaeifard et al. (2018)762 No exposure level; no frequency

El-Maleky & Ebrahim (2019)763 No dosimetry

Conclusion
The committee concludes that both favourable and unfavourable effects  

of exposure to radiofrequency electromagnetic fields on blood have been 

found. For the frequency ranges of 700-2200 MHz and 2.2-5.0 GHz  

the conclusion is that an effect is possible. No statement is possible for 

the frequency range of 20-40 GHz.

5.11 Hormones
Hormones transmit signals and regulate many processes in the body. 

Disturbance of hormone levels may lead to adverse health effects.  

The committee has taken 7 studies into the relation between exposure to 

radiofrequency electromagnetic fields and hormones into account in  

this report, see table 70.
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Table 70. Numbers of publications on the relation with hormones, by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
7 experimental humans No publications No publications 1 epidemiological

8 experimental animals

700-2200 MHz
In 7 human experimental studies no effects on hormone levels have been 

found.

Table 71. Publications on the relation with hormones in the frequency  
range 700-2200 MHz

Reference Type of study Source of exposure Effect
Mann et al. (1998)764 Experimental humans adults Mobile telephone No effect

Radon et al. (2001)729 Experimental humans adults Mobile telephone No effect

Wood et al. (2006)765 Experimental humans adults Mobile telephone No effect

Braune et al. (2002)222 Experimental humans adults Mobile telephone No effect

Barker et al. (2007)223 Experimental humans adults Mobile telephone No effect

Ghosn et al. (2015)226 Experimental humans adults Mobile telephone No effect

Augner et al. (2010)730 Experimental humans adults Base station No effect

Excluded
Table 72. Excluded publications on the relation with hormones

Epidemiological studies Reason for exclusion
Singh & Kapoor 2015766 Radar frequencies outside ranges (8-18 GHz)

Animal studies
Bortkiewicz et al. (2002)140 No control of exposure level

de Sèze et al. (1999)767 No blinding

de Sèze et al. (1998)768 No blinding

Animal studies
de Sèze et al. (2001)178 No blinding

Djeridane et al. (2008)769 No blinding

Geronikolou et al. (2015)770 No sham control, no blinding, no control of exposure level

Jarupat et al. (2003)771 No control of exposure level

Møllerløkken et al. (2012)772 No blinding

Conclusion
The committee concludes that for the frequency range of 700-2200 MHz 

no effect has been found. No statement is possible for the frequency 

ranges of 2.2-5.0 GHz and 20-40 GHz.

5.12 Oxidative stress
Highly reactive substances are formed in the body under the influence  

of normal metabolic processes and external factors. These may react  

with other substances and damage these or render them ineffective.  

An important group of such reactive substances are oxygen radicals.  

An increased level of oxygen radicals is called ‘oxidative stress’.  

There are several mechanisms in the body to neutralize oxygen radicals. 

When these are not sufficient, oxidative stress may increase. This may 

lead to disturbances of processes in the body and ultimately to adverse 

health effects. The committee has taken 42 studies into the relation 

between exposure to radiofrequency electromagnetic fields and oxidative 

stress into account in this report, see table 73.
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Table 73. Numbers of publications on the relation with oxidative stress,  
by frequency range

700-2200 MHz 2.2-5.0 GHz 20-40 GHz Excluded 
31 experimental animals 10 experimental animals No publications 19 experimental animals

700-2200 MHz
In 9 animal studies no effect on oxidative stress was found, in 22 studies 

an increased level of oxidative stress and in 1 study both favourable and 

unfavourable effects.

Table 74. Publications on the relation with oxidative stress in the frequency range 700-2200 MHz

Reference Type of study Source of exposure Effect
Ferreira et al. (2006)773 Animal 834 MHz No effect

Ribeiro et al. (2007)257 Animal 1800 MHz GSM No effect

Lee et al. (2010)259 Animal 848.5 MHz CDMA No effect

Khalil et al. (2011)774 Animal 900 MHz No effect

Lee et al. (2012)260 Animal 849 MHz CDMA and 1950 MHz WCDMA No effect

Daşdağ et al. (2012)673 Animal 900 MHz GSM No effect

Kismali et al. (2012) 751 Animal 1800 MHz GSM No effect

Kerimoğlu et al. (2016)775 Animal 900 MHz No effect

Jeong et al. (2018)392 Animal 1950 MHz No effect

Köylü et al. (2006)776 Animal 900 MHz GSM Unfavourable effect / higher risk

Ozguner et al. (2006)777 Animal 900 MHz GSM Unfavourable effect / higher risk

Sokolovic et al. (2008)778 Animal 900 MHz GSM Unfavourable effect / higher risk

Daşdağ et al. (2009)779 Animal 900 MHz GSM Unfavourable effect / higher risk

Aydin and Akar (2011)780 Animal 900 MHz GSM Unfavourable effect / higher risk

Kerman & Senol (2012)781 Animal 900 MHz Unfavourable effect / higher risk

Megha et al. (2012)737 Animal 900 and 1800 MHz GSM Unfavourable effect / higher risk

Jelodar et al. (2013)782 Animal 900 MHz base station Unfavourable effect / higher risk

Akbari et al. (2014)783 Animal 900 MHz Unfavourable effect / higher risk

Tang et al. (2015)490 Animal 900 MHz Unfavourable effect / higher risk

Megha et al. (2015)784 Animal 900 and 1800 MHz GSM Unfavourable effect / higher risk

Furtado-Filho et al. (2015)785 Animal 950 MHz Unfavourable effect / higher risk

Bodera et al. (2015)786 Animal 1800 MHz Unfavourable effect / higher risk

Sahin et al. (2016)787 Animal 2100 MHz GSM Unfavourable effect / higher risk

Hidisoglu et al. (2016)613 Animal 2100 MHz Unfavourable effect / higher risk
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2.2-5.0 GHz
In 2 animal studies no effect on oxidative stress was found and in 

8 studies an increased oxidative stress level.

Table 75. Publications on the relation with oxidative stress in the frequency range 2.2-5.0 GHz

Reference Type of study Source of exposure Effect
Naziroğlu & Gümral (2009)792 Animal 2450 MHz No effect

Aït-Aïssa et al. (2013)793 Animal 2450 MHz No effect

Meena et al. (2014)271 Animal 2450 MHz modulated with 50 Hz Unfavourable effect / higher risk

Saygin et al. (2016)275 Animal 2450 MHz Unfavourable effect / higher risk

Shahin et al. (2014)272 Animal 2450 MHz Unfavourable effect / higher risk

Megha et al. (2015)784 Animal 2450 MHz Unfavourable effect / higher risk

Kuybulu et al. (2016)340 Animal 2450 MHz Unfavourable effect / higher risk

Tan et al. (2017)493 Animal 2.856 GHz Unfavourable effect / higher risk

Chauhan et al. (2017)794 Animal 2450 MHz Unfavourable effect / higher risk

Shahin et al. (2018)278 Animal 2450 MHz Unfavourable effect / higher risk

Reference Type of study Source of exposure Effect
Bodera et al. (2017)788 Animal 1800 MHz Unfavourable effect / higher risk

Kim et al. (2017)725 Animal 835 MHz Unfavourable effect / higher risk

Kim et al. (2018)670 Animal 835 MHz Unfavourable effect / higher risk

Ertilav et al. (2018)789 Animal 900 and 1800 MHz Unfavourable effect / higher risk

Alkis et al. (2019)790 Animal 900, 1800 and 2100 MHz Unfavourable effect / higher risk

Sharma et al. (2019)495 Animal 2100 MHz Unfavourable effect / higher risk

Hidisoglu et al. (2018)174 Animal 2100 MHz 217 Hz modulated Unfavourable effect / higher risk

Ahmed et al. (2017)791 Animal 900 MHz 217 Hz modulated Effect, not clearly favourable or unfavourable
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Excluded
Table 76. Excluded publications on the relation with oxidative stress

Animal studies Reason for exclusion
Irmak et al. (2002)795 No exposure level and dosimetry

Ilhan et al. (2004)796 Exposure level not clear: likely derived from mobile phone specifications

Meral et al. (2007)797 Exposure level not clear: SAR likely derived from mobile phone 
specifications

Imge et al. (2010)798 No dosimetry

Kesari et al. (2011)799 Assessment SAR unclear

Avci et al. (2012)800 SAR calculated incorrectly using external electric field; power density 
assessed, but not indicated at which location; electric field assessed, but 
exposure inhomogeneous with head pointed to source, so field at head 
unknown

Naziroğlu et al. (2012)801 Incorrect dosimetry

Ben Salah et al. (2013)802 No dosimetry

Bilgici et al. (2013)803 SAR calculated incorrectly using external electric field; power density 
assessed, but not indicated at which location; electric field assessed, but 
exposure inhomogeneous with head pointed to source, so field at head 
unknown

Çetin et al. (2014)804 Exposure of foetus and newborns not provided; quoted SAR levels are for 
adults; exposure inhomogeneous with head pointed to source, so 
variation over body.

Gürler et al. (2014)805 SAR calculated incorrectly using external electric field; power density 
assessed, but not indicated at which location; electric field assessed, but 
exposure inhomogeneous with head pointed to source, so field at head 
unknown

Hu et al. (2014)806 Exposure source and duration not provided

Maaroufi et al. (2014)541 SAR calculated incorrectly using external electric field, field strength not 
provided, no other exposure information

Narayanan et al. (2014)807 Exposure by phone in cage: inhomogeneous field over cage; actual 
exposure of animals not known

Ragy (2014)808 No exposure level, no sham control

An et al. (2015)809 Incorrect dosimetry

Nirwane et al. (2016)543 No dosimetry

Shehu et al. (2016)431 Mobile telephone in cage, no dosimetry

Kamali et al. (2018)810 No exposure level

Conclusion
The committee concludes that for the frequency ranges of 700-2200 MHz 

and 2.2.-5.0 GHz an increased level of oxidative stress after exposure to 

radiofrequency electromagnetic fields is possible. No statement is 

possible for the frequency range of 20-40 GHz.
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