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• Major evolutions in mobile communications/connected 
technologies, devices, and uses → very rapid uptake of these 
particularly in children and adolescents

• Children and adolescents are at higher risk of RF-EMF 
exposure, although little is known about their real exposure

• Also, they are potentially more vulnerable to any potential 
harmful effects of RF-EMF exposure 

Background



• Crucial for the health and development of children and 
adolescents → restoration, energy conservation, brain 
processing and memory consolidation

• Inadequate sleep duration or quality leads to adverse 
physical and mental health

• 20-40% adolescents have insuficient sleep duration and 
daytime slepiness

Why study sleep?



Why is modern life affecting our sleep 
patterns?

21st century19th century

Sunset no longer meant the 
end of the day

Less and poor sleep

Social life in later hours - Later 
bedtimes

Artificial light

Public health concern

Blue light



Potential mechanisms

Displacement of the time 
for sleep?Mental arousal increaseBlue light from screens

Radiofrequency electromagnetic 
fields exposure

Sleep 
impairments



To investigate the association between RF-EMF exposure 
and sleep in preadolescents

1. Cross-sectional asssociation between all-day brain RF-
EMF doses and sleep disturbances

2. Cross-sectional asssociation between all-day brain RF-
EMF doses and physiological sleep measures

3. Longitudinal association between evening brain RF-EMF 
doses and physiological sleep measures

Objectives



• Spanish INMA Project (Sabadell, Gipuzkoa) 

• Dutch Generation R Study

• Main sample N=1,599

• INMA and Generation R

• All-day RF-EMF brain exposure

• Sleep disturbances and physiological sleep measures

• Sub-study sample N=335

• INMA

• Evening RF-EMF brain exposure

• Physiological sleep measures

Design and study population



RF-EMF exposure assessment

Phone calls 
(mobile phone and DECT phone)

Screen activities 
(mobile phone, tablet while wirelessly connected to 
internet, laptop while wirelessly connected to 
internet)

Far-field
(microenvironments (home, school, commuting, 
outdoors) & frequency bands (FM, TV, downlink, 
uplink, DECT, WiFi))

Maternal-reported 
questionnaire 

+ 
Daily diary 7-days

3D geospatial radio wave 
propagation model 

NISMap and personal 
measurements ExpoM



All-day and evening brain RF-EMF dose

→ For each specific source and overall



Parental-reported sleep disturbances

Sleep Disturbance 
Scale for Children 

(SDSC)

Problems of initiating 
and maintaining sleep

Sleep arousal problems Excessive somnolence



Physiological sleep measures

GeneActiv Placed on wrist for 7 nights

Sleep onset latencySleep efficiency (%)Total sleep time (min) Wake After Sleep Onset (min)

→ 7-days average and daily repeated measures



Population characteristics



All-day and evening brain RF-EMF doses 
in preadolescents



Sleep in preadolescents



All-day brain RF-EMF dose and sleep 
disturbances – cross-sectional association



All-day brain RF-EMF dose and                
physiological sleep measures –cross-sectional 
association



Evening brain RF-EMF dose and 
physiological sleep measures – longitudinal 
association



• All-day brain RF-EMF doses were not associated with sleep 
disturbances or physiological sleep measures

• Evening brain RF-EMF dose from phone calls was related to 
shorter total sleep time

• Evening might be a potentially relevant window of RF-EMF 
exposure for sleep → results should be interpreted with 
caution (first study, small sample size, small effect estimates)

Conclusion
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