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Evolution of 5G EMF narrative

© GSMA 2024

3

2019

2024

https://www.computerweekly.com/feature/Mobile-phones-and-health-is-5G-being-rolled-out-too-fast
https://theconversation.com/5g-doesnt-affect-your-health-here-are-5-points-to-put-your-mind-at-ease-233947


Authorities: no health risk expected from 5G
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Assessments: RF-EMF levels remain low with 5G
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https://www.gsma.com/solutions-and-impact/connectivity-for-good/public-policy/regulatory-environment/emf-and-health/safety-of-5g-networks/5g-emf-surveys


Science: recent studies provide reassurance

© GSMA 2024

6

https://news.ki.se/mobile-phone-users-who-talk-for-a-long-time-do-not-have-an-increased-risk-of-brain-tumours
https://www.arpansa.gov.au/who-review-finds-no-link-between-mobile-phone-use-and-brain-cancer
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GSMA infographic

https://www.gsma.com/solutions-and-impact/connectivity-for-good/public-policy/wp-content/uploads/2024/09/EMF-Forum-2024-Infographic.pdf


Progress of the international 
Cohort Study of Mobile Phone Use 
and Health (COSMOS) study 

© GSMA 2024
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Karolinska Institute, Sweden 
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COSMOS – Cohort Study of Mobile Phone 
Use and Health – an update
Maria Feychting, PhD
Professor of Epidemiology
Head, Unit of Epidemiology, Institute of Environmental Medicine, Karolinska 
Institutet
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• COSMOS study participants

• Mobile phone network operators in Denmark, Finland, France, the Netherlands, Sweden and the UK 
for allowing invitation of their subscribers and/or provision of operator traffic data.  

Project Funding:
• All funding sources are listed in detail in Feychting et al, Environment Int, 2024

• COSMOS was funded through grant applications to publicly funded research councils or 
organizations, undergoing the same rigorous and competitive evaluation process as other research 
grant applications. In some countries, industry complemented the funding either through national 
research programs led by public authorities without any influence from industry, or by using trusted 
public authorities as a firewall, with agreements that guaranteed the independence of the 
researchers. 

• It is reasonable that industry contribute to the costs of research into potential health effects of 
their products, as long as it can be guaranteed that they have no influence on the conduct of the 
research, and this independence was fully the case in COSMOS.
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Background and aim

• Aim:  to investigate possible health risks 
associated with long term use of mobile 
phones and other wireless technologies

• Complements previous research, by 
addressing research gaps highlighted by the 
WHO regarding long-term mobile phone use
and the need for prospective studies

• Major limitations of the case-control studies:
 Retrospective collection of exposure 

information through interviews or 
questionnaires - differential recall between 
cases and controls (recall bias)

 Selection bias from nonparticipation

Karolinska Institutet - a medical university 10/10/2024 11



Prospective cohort study
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Case-control study
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Case-control study
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Cohort: 
300.000+

Mobile Phone 
Usage Data

Public Registers
(Country Dependent)

DATA

The Cosmos 
Questionnaire

On demand

Yearly

Every ~4 Years
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Schüz et al, Cancer Epidemiol, 2010

START RECRUIT

2010   2011   2012  2013  2014   2015  2016 2017 2018 ...

2040END RECRUIT

REPEAT QUESTIONNAIRE



Design features

• Optimized sampling strategies in cohort recruitment

 new cohorts: oversampling of low & high users from operator records

 nested cohorts: sampling within a large-scale population cohorts

• Structured questionnaires not allowing for reporting of implausible values

• Operator records to validate self-reported information for at least subsets of 
the cohort

• Questionnaires before the outcomes of interest occur

Karolinska Institutet - a medical university 10/10/2024 16

Schüz et al, Cancer Epidemiol, 2010



Brain tumor analyses
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Country Participants Person-years Glioma cases Meningioma Acoustic 
neuroma

Denmark 25,768 194,193 16 10 2

Finland 11,209 51,189 1 3 2

Sweden 50,163 413,379 36 25 7

Netherlands 87,689 391,652 31 22 6

United Kingdom 94,335 786,066 65 29 12

TOTAL 269,164 1,836,479 149 89 29

Feychting et al, Environment Int, 2024



Main results

Karolinska Institutet - a medical university 10/10/2024 18

Feychting et al, Environment Int, 2024

Cutpoints at the median and 75th percentile



Additional analyses of glioma

Results when using the 90th percentile as highest exposure cut-point:
• HR=1.07 (95 % CI 0.62–1.86) for ≥1908 regression calibrated cumulative hours (20 cases)
• HR=0.96 (95 % CI 0.54–1.71) for ≥2168 uncalibrated cumulative hours (17 cases)

• No indication of increased risk, but statistically imprecise results

Karolinska Institutet - a medical university 10/10/2024 19



Discussion – brain tumor results
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• The longest latency possible was ~ 30 years
 Almost a third of the COSMOS study population had used a mobile phone 15 years 

or longer
 Results showed no increase in tumor risk associated with time since first use

• Improved exposure assessment compared to previous cohort studies
 Detailed prospective information about amount of phone use since start of use, 

combined with operator data
 Handsfree use, incl. changes over time

• Methodologically superior to case-control studies
 No differential recall bias – data collected prior to disease occurrence
 No selection bias – complete follow-up of all participants



Discussion – cont.
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• Longer follow-up is needed to increase precision of risk estimates
 Especially for acoustic neuroma (vestibular schwannoma) and meningioma

• Longer follow-up to assess potential effects after even longer latencies
 Using updated exposure information from repeat questionnaires and operator data



Conclusions

• COSMOS overcomes several of the limitations of both past cohort and past 
case-control studies

• Earlier cohort studies show no associations overall - consistent with 
COSMOS
 But these studies are less informative for heavy mobile phone users

• Interphone case-control study found association only among heaviest mobile 
phone users 
 Likely a result of differential recall of past mobile phone use between glioma 

patients and controls (see Vrijheid et al., J Expo Anal Env Epidemiol 2008; Bouaoun et al., Epidemiology 2024)

• Some case-control studies showing positive results are incompatible with 
the age- and sex-specific time trends of glioma in the same populations and 
therefore not informative

Karolinska Institutet - a medical university 10/10/2024 22



Future perspective

• Ongoing analyses of CVD, 
reproductive outcomes

• Further updates in health data 
registers – longer follow-up
 E.g. cancer, neurodegenerative 

diseases, etc

• Additional repeat questionnaires
 More details on new RF exposure 

patterns
 Update of information on soft 

outcomes (headaches, sleep, etc)

• Continue to follow brain cancer 
incidence trends in high quality
cancer registers

• Monitor RF exposure levels and 
sources in the population 
 E.g. ongoing EU funded projects

• Not recommended:
 Further case-control studies

Karolinska Institutet - a medical university 10/10/2024 23
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Progress of SEAWave within the 
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European Cluster EMF and Health

This cluster comprises four projects that have received funding from the European Union’s Horizon Europe 
research and innovation programme: ETAIN (101057216), GOLIAT (101057262) NextGEM (101057527), and 
SEAWave (101057622).

Progress of SEAWave within 
the CLUE-H research cluster

The GSMA 13th EMF Forum, October 1st, 2024





CLUE-H Identity

The GSMA 13th EMF Forum, October 1st, 2024

www.emf-health-cluster.eu

Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster



Working groups:

 WG1: Science translation for policy and practice

 WG2: Data management and exchange

 WG3: Communication and Dissemination

 WG4: Experimental studies

 WG5: Exposure assessment

www.emf-health-cluster.eu

The GSMA 13th EMF Forum, October 1st, 2024Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster



Scientific-based Exposure and risk Assessment of radiofrequency and 
mm-Wave systems from children to elderly (5G and Beyond)

15+2*
partners

7.3 M€
(EU)3+?

years

www.seawave-project.eu

*University of Novi Sad *ETRI (Daejeon)



Scientific-based Exposure and risk Assessment of radiofrequency and 
mm-Wave systems from children to elderly (5G and Beyond)

www.seawave-project.eu
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Monitoring of environmental EMF

Iakovidis, S.; Apostolidis, C.; Manassas, A.; Samaras, T. Electromagnetic Fields Exposure Assessment 
in Europe Utilizing Publicly Available Data. Sensors 2022, 22, 8481. https://doi.org/10.3390/s22218481

Median values do not vary 
significantly across Europe
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Monitoring of environmental EMF

Temporal evolution of E-field levels for four 
monitoring networks: 
(a) Greece, 
(b) Catalonia in Spain, 
(c) Romania, and 
(d) Serbia. 

Median, mean (rms), and several percentiles’ 
values for the yearly Erms distribution of each 
network are shown. 

The time period where at least 75% of 
monitoring sensors are active is indicated 
between black vertical lines in grey-shaded 
background, for each network.

Iakovidis, S.; Apostolidis, C.; Manassas, A.; Samaras, T. Electromagnetic Fields Exposure Assessment 
in Europe Utilizing Publicly Available Data. Sensors 2022, 22, 8481. https://doi.org/10.3390/s22218481
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Monitoring of environmental EMF

Ourouk Jawad; Emmanuelle Conil; Jean-Benoît Agnani; Shanshan Wang; Joe Wiart. Monitoring of the exposure to electromagnetic 
fields with autonomous probes installed outdoors in France. Reports. Physics, Online first (2024), pp. 1-21. doi:10.5802/crphys.182
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Monitoring of environmental EMF

Ourouk Jawad; Emmanuelle Conil; Jean-Benoît Agnani; Shanshan Wang; Joe Wiart. Monitoring of the exposure to electromagnetic 
fields with autonomous probes installed outdoors in France. Reports. Physics, Online first (2024), pp. 1-21. doi:10.5802/crphys.182

Principal Component Analysis (PCA) identifies two main components:
(a) Month
(b) Number of antennas around sensor



(a) Adalm Pluto SDR; (b) WAVES sensor; (c) S3R sensor.
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Monitoring of environmental EMF

Deprez, K.; Colussi, L.; Korkmaz, E.; Aerts, S.; Land, D.; Littel, S.; Verloock, L.; Plets, D.; Joseph, W.; Bolte, J. 
Comparison of Low-Cost 5G Electromagnetic Field Sensors. Sensors 2023, 23, 3312. https://doi.org/10.3390/s23063312

The study compared low-cost hardware sensors and 
software defined radio (SDR) sensors with 
expensive verified measurement setups consisting 
of spectrum analyzer equipment for RF-EMF 
radiation.

The variability between the sensors was 1.78 dB on 
average, with a maximum deviation of 5.26 dB.

It must be kept in mind that these RF-EMF sensors 
only measured one vector component (purpose of 
temporal monitoring) of the field, and therefore, the 
given field will be an underestimation of the total field 
at that measurement location.
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Monitoring of environmental EMF & 
Exposure assessment
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Exposure assessment 
Downlink – Transportation 

Y. Zhang et al., "Statistical Analysis of RF-EMF Exposure Induced by Cellular Wireless Networks in Public Transportation Facilities 
of the Paris Region," in IEEE Access, vol. 12, pp. 79741-79753, 2024, doi: 10.1109/ACCESS.2024.3410090
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Exposure assessment 
Downlink – Various environments

W. B. Chikha et al., "Assessment of Radio Frequency Electromagnetic Field Exposure Induced by Base Stations in Several Micro-
Environments in France," in IEEE Access, vol. 12, pp. 21610-21620, 2024

K-means classifier.
ATEF = Average Total Electric Field
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Exposure assessment 
Uplink – User 

J. Liu et al., "Assessment of EMF Exposure Induced by Wireless Cellular Phones in Various Usage Scenarios in France," in IEEE Access, doi: 10.1109/ACCESS.2024.3424305.
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Exposure assessment 
Uplink – User 

J. Liu et al., "Assessment of EMF Exposure Induced by Wireless Cellular Phones in Various Usage Scenarios in France," in IEEE Access, doi: 10.1109/ACCESS.2024.3424305.
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Exposure assessment 
Uplink – User 

J. Liu et al., "Assessment of EMF Exposure Induced by Wireless Cellular Phones in Various Usage Scenarios in France," in IEEE Access, doi: 10.1109/ACCESS.2024.3424305.

 The study analyzed different ways of placing a voice call, such as VoCS, VoLTE, and VoIP, with 
WhatsApp being used for VoIP. The Tx power and throughput behavior were compared for each 
band and technology with 5G enabled and disabled. 

 More than 90% of the duration for all three forms of voice calls was conducted on 4G and beyond 
technology, with the usage of 3G in voice calls being barely less than 10%.

 Tx power in 5G bands is generally lower than in other bands, while throughput is higher.

 The analysis of throughput during video calls and FTP uploads has shown a lower radiated energy 
per bit transmitted (REBT); for file uploading it was 9.65 mJ/Mb for 4G and 5.1 mJ/Mb for 5G.
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Exposure assessment 
Exposure prediction in urban environment using AI

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial 
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125
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Exposure assessment 
Exposure prediction in urban environment using AI

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial 
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125
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Exposure assessment 
Exposure prediction in urban environment using AI

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial 
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125



The GSMA 13th EMF Forum, October 1st, 2024Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster

Exposure assessment 
Exposure prediction in urban environment using AI

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial 
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125
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Exposure assessment 
Exposure prediction in urban environment using AI

W. B. Chikha, S. Wang and J. Wiart, "An Extrapolation Approach for RF-EMF Exposure Prediction in an Urban Area Using Artificial 
Neural Network," in IEEE Access, vol. 11, pp. 52686-52694, 2023, doi: 10.1109/ACCESS.2023.3280125

RMSE = 0.33V/m
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Exposure assessment 
Dose calculator

https://www.etainproject.eu/dose-calculator
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Exposure assessment 
Dose calculator

https://www.etainproject.eu/dose-calculator



Conclusions 
on Exposure Assessment
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 Two projects appear to be leading exposure assessment and monitoring within CLUE-H: SEAWave 
and GOLIAT, with SEAWave in a more advanced state, due to the shortest project lifetime

 A large amount of data has been collected and has not been analyzed, yet, from various SEAWave 
partners in countries other than France (Greece, Belgium, Switzerland, Germany, Serbia).

 Although data were collected with the same protocol, their homogenization remains a challenge 
and the main area of work currently.

 Taking an integrative approach, all exposure components (downlink, uplink, bystander) are 
measured and analyzed. Calculations to convert exposure to organ-specific SAR are under way.

 SEAWave will implement a tool for calculating the “global exposure index” (see Project LEXNET), 
whereas ETAIN has already implemented a tool to calculate, again in an integrative approach, the 
dose in the brain (energy per tissue mass per day).



Scientific-based Exposure and risk Assessment of radiofrequency and 
mm-Wave systems from children to elderly (5G and Beyond)

www.seawave-project.eu
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Update on animal studies (WP6)

Determining skin immunoresponse and nociceptors activation 12 Feb 2024 - 4 Mar 2024

Development of Squamous Cell Carcinoma (CAR-S mice) 30 Mar 2024 - 3 Jul 2024

Development of Basal Cell Carcinoma (Ptch1+/- mice) 8 Jul 2024 - 8 Jan 2025

Investigation of non-cancerous endpoints 
(male fertility, lens opacity, hippocampal neuro-genesis and inflammation)

8 Jul 2024 - 8 Jan 2025
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Update on human study (WP7)
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Update on human study (WP7)

All types of cells are present in all subjects’ samples.
Homogeneous cell distributions exist from all 8 healthy subjects until now.
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 Results from the animal study on 21 days postnatal exposure are ready to be published 
(pending dosimetry verification/validation with on site measurements).

 The human study progresses at a good pace. The more biopsies the strongest the signals/results 
from scRNA sequencing. Comparison between health condition groups cannot be performed yet.

 Oxidative comet assay test concluded for keratinocytes (@4h of exposure). This test had not been 
planned in the GA but was added at the suggestion of the External Advisory Board of SEAWave.

Conclusions 
on Health Risk Studies



The GSMA 13th EMF Forum, October 1st, 2024Theodoros Samaras - Progress of SEAWave within the CLUE-H research cluster

Other activities:
IARC-like evaluation (WP9)
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Thank you for your attention!

theosama@auth.gr

seawave-project.eu



Dr Dan Baaken 
German Federal Office for 
Radiation Protection and 

ICNIRP Scientific 
Secretary 2024-2028 

Prof Akimasa Hirata
Nagoya Institute of 

Technology, Japan and 
International Commission 
on Non-Ionizing Radiation 
Protection (ICNIRP) Chair 

2024-2028

59

Prof Maria Feychting 
Institute of Environmental 

Medicine, Karolinska Institute, 
Sweden 

Prof Theo Samaras
Aristotle University of 
Thessaloniki, Greece, 

coordinator of SEAWave, 
and member of the 

European Commission 
Scientific Committee on 

Health, Environmental and 
Emerging Risks 

(SCHEER)

DI Manfred Ruttner, A1 
Telekom Austria - Deputy 
Chair GSMA EMF and 

Health

Q&A: The science perspective



© GSMA 2024

60

Coffee break



The World Health Organization 
(WHO) Task Group on 
Radiofrequency Fields and Health 

© GSMA 2024

Dr Emilie van Deventer
Head, Radiation and Health Unit 

World Health Organization
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Monograph on 
Radiofrequency Fields and Health Risks

Dr Emilie van Deventer, WHO Technical officer
Dr Jos Verbeek, Methodologist
Professor Hajo Zeeb, Task Group Chair

13th GSMA EMF Forum, 1 October 2024, Brussels, Belgium



Do EMFs pose a heath risk?

Risk Assessment
The Evidence

Risk Management 
The Policies

Risk Communication
The Public Concern



WHO Environmental Health Criteria monographs on radiation

• WHO EHC monographs (health risk assessment)

64
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Problem Formulation

Health Risk Assessment

Exposure Assessment
Determine the amount, 
duration and pattern of 
exposure to the agent

Hazard Identification
Review key research to 

identify any potential health 
problems that an agent can 

cause

Exposure-Response 
Assessment

Estimate how much of the 
agent it would take to cause 

varying degrees of health 
effects that could lead to 

illnesses

Risk Characterization
Assess the risk for the 

agent to cause cancer or 
other illnesses in the 
general population RF fields classified as 

"possibly carcinogenic to humans" 
(Group 2B)
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All studied 
outcomes

Problem Formulation

Health Risk Assessment

Exposure Assessment

Determine the amount, 
duration and pattern of 
exposure to the agent

Hazard Identification

Review key research to identify 
any potential health problems 

that an agent can cause

Exposure-Response 
Assessment

Estimate how much of the 
agent it would take to cause 

varying degrees of health 
effects that could lead to 

illnesses

Risk Characterization

Assess the risk for the agent to 
cause cancer or other illnesses 

in the general population

Radiofrequency Fields
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RF Environmental Health Criteria 
Objectives

• To review the scientific literature regarding adverse health 
effects from exposure to radiofrequency fields

• To perform a health risk assessment of all studied health 
endpoints, as far as the evidence can offer

• To compile a summary of national policies around the world 
(based on a survey performed in Fall 2012 and current update)

• To identify gaps in knowledge

EvD 67

Radiofrequency Fields



Scope and target audience

• Scope
• Radiofrequency fields from 100 kHz to 300 GHz
• Public and occupational exposures (not medical exposures)

• Target audience
• National policy-makers in Ministries of Health, Environment, Labour, Telecommunications, ...
• Bodies involved in recommending or setting exposure guidelines for RF EMF, such as non-

governmental organizations
• Professional societies and academics studying the health effects of RF EMF

ED 68



Technical outputs

• The appraisal of the evidence for health risks associated with exposure to RF 
fields to result in 

69

WHO Scoping review

Systematic reviews

Radiofrequency Fields

EHC Monograph

Research Agenda

...



1. Technical report -> A “scoping review”
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WHO Scoping review



Scoping review

• “... An ideal tool to determine the scope or coverage of a body of literature on a given topic and 
give clear indication of the volume of literature and studies available as well as an overview 
(broad or detailed) of its focus”

• Therefore, an assessment of methodological limitations or risk of bias of the evidence included 
within a scoping review is generally not performed

• Although conducted for different purposes compared to systematic reviews, scoping reviews still 
require rigorous and transparent methods in their conduct to ensure that the results are 
trustworthy.

71WHO Scoping review



Scoping vs. systematic reviews

https://doi.org/10.1186/s12874-018-0611-x 72

https://doi.org/10.1186/s12874-018-0611-x


Table of Contents
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1. Introduction
2. Description of methods 
3. Thermal effects
4. Cancer
5. Symptoms and well-being
6. Brain physiology and function
7. Fertility, reproduction and childhood development
8. Neurodegenerative disorders
9. Cardiovascular diseases 
10. Neuroendocrine system responses
11. Autonomous nervous system
12. Auditory and vestibular function
13. Ocular function
14. Immune system 
15. Haematological changes
16. Biological mechanisms

Appendix A– Sources, measurements and exposures
Appendix B – Radiofrequency electromagnetic fields inside the body
Appendix C– Biophysical mechanisms

WHO Scoping Report 
• 16 chapters, > 3000 references
• All published studies (in-vitro, animal 

and human) of health effects reported 
in the literature with sufficient quality 
- until about 2017-2020

• To be published as a WHO technical 
document



Contributors
Core Group

• Epidemiological studies: M. Feychting, Sweden

• Human experimental studies: G. Oftedal, Norway

• Animal studies: E. van Rongen, Netherlands

• In vitro studies: M. R. Scarfi, Italy

• Physics, dosimetry: S. Mann, UK

• Public health: D. Zmirou, France (until 2015)

• Methodology: J. Verbeek (since 2016)

+ Working group members (~ 20-30)

Monthly teleconferences (since 2012)
Annual face-to-face meetings (until January 2020)



2. Systematic reviews
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Systematic reviews



Prioritizing the outcomes
International survey (2018)
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T H Y R O I D  D I S O R D E R S

M E L A T O N I N  I N T E R F E R E N C E

O C U L A R  D I S O R D E R S

H E A R I N G  D I S O R D E R S

V E S T I B U L A R  D I S O R D E R S

N E U R O T R A N S M I T T E R  I N T E R F E R E N C E

B R A I N  E L E C T R I C A L  F U N C T I O N

N E U R O D E G E N E R A T I V E  D I S O R D E R S

B L O O D  B R A I N  B A R R I E R

C O G N I T I V E  I M P A I R M E N T

W E L L - B E I N G

M E N T A L  H E A L T H

H Y P E R S E N S I T I V I T Y

C O N G E N I T A L  D I S O R D E R S

A D V E R S E  P R E G A N C Y  O U T C O M E S

M E N S T R U A L  D I S O R D E R S

F E M A L E  F E R T I L I T Y

M A L E  F E R T I L I T Y

H A E M O T O L O G I C A L  C A N C E R
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H E A T  S H O C K

O C U L A R  T E M P E R A T U R E

L O C A L  B U R N S

L O C A L  P A I N

Unimportant Important Critical

Top priorities
1. Cancer    2 SRs 

(observational, experimental)
2. Heat related    1 SR
3. Fertility    2 SRs 

(observational, experimental)
4. Symptoms    2 SRs 

(observational, experimental)
5. Cognitive performance 2 SRs (observational, experimental)
6. Oxidative stress     1 SR
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Systematic reviews
Observational and experimental studies

Observational 
studies

Human volunteer 
studies

Animal studies In-vitro studies

SR1 - Cancer SR2 - Cancer

SR3 - Adverse reproductive 
outcomes 

SR4 - Adverse reproductive 
outcomes

SR5 - Cognitive impairment SR6 - Cognitive impairment

SR7 - Symptoms SR8 - Symptoms

SR9 - Oxidative stress

SR10 – Heat and pain, burns, 
cataract, etc.



Contributors
9 SR teams

AMRO: 8

EURO: 57

AFRO: 2
WPRO: 14

EMRO: 3
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Systematic reviews
Deliverables

1. Protocol submission to Environment
International

2. Registration of the protocol in Prospero (or 
other appropriate protocol database)

3. Systematic review submission to 
Environment International



Protocols

As of 1 October 2024 80

https://www.sciencedirect.com/journal/environment-international/special-issue/109J1SL7CXT

Systematic Reviews

Cancer 
SR1   SR2

Fertility 
SR3   SR4

Cognition
SR5   SR6

Symptoms 
SR7   SR8

ROS
SR9

https://www.sciencedirect.com/journal/environment-international/special-issue/109J1SL7CXT


Systematic reviews

• 1. Cancer, observational studies: 
• “Most researched outcomes”
• “Important outcomes” manuscript under review

• 2. Cancer, animal studies: manuscript under review

• 3. Fertility, observational studies: 
• Pregnancy: no effect on preterm birth, LBW, congenital malformations (18 studies, very low certainty)
• Male: no effect on semen parameters (9 studies, very low certainty)

• 4. Fertility, animal studies:
• Pregnancy: no effect on litter, increase in dead fetuses, malformations, decrease in weight/length at high exposure 

(88 studies, low-high certainty)
• Male: decreased fertility, sperm parameters, reproductive organ toxicity at high exposure (127 studies, low-

moderate certainty)
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Systematic reviews (cont’d)
• 5. Cognition, observational studies:

• No effect of phone use in children on learning, executive function, attention; No effect of phone use on global 
functioning in elderly persons (5 studies, very low certainty)

• 6. Cognition, experimental studies:
• mostly moderate to high certainty of evidence that short-term RF-EMF exposure at SAR levels within the 

recommended limits … does not negatively affect the investigated domains of cognitive function

• 7. Symptoms, observational studies:
• No effect on tinnitus, migraine and headaches (exposure of the brain) or on sleep and symptom scores (wb RF-

EMF exposure) (13 studies, very low certainty evidence)

• 8. Symptoms, experimental studies:
• No effect on headache, sleep, composite symptoms in general population or in IEI-EMF individuals (41 RCTs, low-

high certainty)

• 9. Oxidative stress: 
• Evidence for or against a relation between RF-EMF and biomarkers of oxidative stress overall of very low 

certainty’ due to ‘inconsistent overall study results
82



Critical appraisals of the SRs

Critical appraisals have since been published

• Related to SR8: Correspondence in Environment International by Michael Bevington, Chair of Trustees, 
Electrosensitivity UK 

• Related to SR4: Miscellaneous in Reviews on Environmental Health by Else K. Nordhagen and Einar Flydal

• Related to SR7: Review in Reviews on Environmental Health by John W. Frank , Ronald L. Melnick and Joel M. 
Moskowitz
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3. The RF Environmental Health Criteria monograph

84
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Role of the Task Group

Overall
• In line with WHO processes for scientific evaluation, the Task Group will support WHO in 

developing an RF EMF monograph in the WHO Environmental Health Criteria (EHC) series
Specific

1. Draw conclusions on the effects of RF exposure on health based on the scoping report and the 
systematic reviews;

2. Formulate an overall health risk assessment for each outcome in the EHC RF monograph 
based on the conclusions of the scoping report and the systematic reviews [as far as the 
evidence allows]; 

3. Identify research gaps
4. Review [rather than compile] national good practice interventions
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Task Group members

AMRO: 3

EURO: 10

AFRO: 1
WPRO: 6

EMRO: 0

14
6

SEARO: 0
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Task Group meetings

• 1st online meeting (January 2023)

• 1st face-to-face meeting in Geneva (March 2023)

• 2nd  online meeting (October 2023)

• 3rd online meeting (November 2023)

• 4th online meeting (February 2024)

• 2nd  face-to-face meeting in Geneva (March 2024)

• 5th online meeting (April 2024)

• 6th online meeting (April 2024)

• Monthly meetings with teams

• Weekly RF cafés for individual experts for Q&As 
with the methodologist (AM/PM)
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Kick-off meeting (March 
2023)

Discussion points included

• Consensus needed on the elements of 
a conclusion and on the process of 
drawing a conclusion

• Adverse health effect and grouping of 
adverse health outcomes 

• How to combine findings from scoping 
report and systematic reviews

• How to combine and weigh different 
evidence streams

• Health risk assessment methodology
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2nd Face-to-face meeting 
(March 2024)

1. Team review of chapters

2. Feedback from overall Task 
Group

3. Polling on drafted 
conclusions

4. Project management

5. Involvement of Core Group

6. Call with Systematic Review 
Principal Investigators



Decisions

• Exposure level classification for different streams of evidence (local and whole-body exposure) 
• high, moderate, low

• Evidence integration (epidemiological and experimental streams of evidence)

• Health risk assessment
• Hazard identification
• Exposure-response response for specific outcome
• Exposure assessment
• Risk characterization
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Current status and next steps

• 10 chapters based on scoping report: 
• Conclusions developed
• Poll performed in March showed a high level of agreement with drafted conclusions 

• 4 chapters based on systematic reviews and scoping report (cancer, fertility, symptoms, cognitive function)
• Still awaiting some of the SRs on cancer
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RF EHC Monograph
Chapter on RF Policies

• Compilation of national regulations and good 
practice interventions

• Based on 2012 survey (benchmark)
• Data from 86 countries
• Summary in peer-reviewed journal (RPD)
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Thank you

For more information, please contact:
E. van Deventer
Radiation and Health Unit
Email: vandeventere@who.int

mailto:vandeventere@who.int


95Q&A: The experience of five years of 5G EMF 
evaluations

Dr Teruo Onishi 
NICT Japan

Chair International 
Electrotechnical 

Commission (IEC) TC 106 

Christophe Grangeat
Nokia – Convenor, 
IEC TC106 MT 3

Dr Ourouk Jawad
Radiofrequency Engineer, 

Market surveillance and public 
exposure division, 

ANFR France 

Dr Lidia Stepinska-
Ustasiak

T-Mobile, Poland 

Moderator: 
Sami Gabriel 
Vodafone and 

Deputy Chair GSMA 
EMF and Health

Prof Wout Joseph 
Ghent University, Belgium 



Summary and conclusions

© GSMA 2024

Mike Wood
Telstra  

Chair GSMA EMF and Health
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