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ABSTRACT

Smartphones are modernized devices and designed to respond multiple needs. In
Thailand, the people whose ages between 15-24 years have mostly used computers,
internet, and mobile phones. Smartphones are sources of electromagnetic energy used
closely to the heads and nervous systems, which are electrical-linked to each other but
unstable. Furthermore, the exposure of low-intensity electromagnetic energy will excite
or lead to changes in nervous system function related to headache and sleep disturbance.
The objective of the study is to investigate the relationship between the effects of

smartphones radiation on headache and quality of sleep.

The study has been designed cross-sectional using stratified random sampling by
selecting 996 high school students of the provincial high schools in Chiang Mai.
Therefore, 200 subjects have been selected from stage 1, based on sets of inclusion and
exclusion criteria for participating in the prospective time series study. The subjects have
been recorded daily headache, sleep, symptoms, and activities by application. The
application has also been developed to collect smartphone output power level on Android
and 10S operating systems. These data have been analyzed by binary logistic regression
and generalized estimation equations. The result of the 1% phase shows the



symptom of Mobile Phone Associated Headache (MPAH) is 77.7% (95% CI: 74.8, 80.3),
which defined the undetermined headache group who has specific characteristic pain that
differentiates them from primary headache. The study results demonstrate that talking
mode of mobile phone and ear burning sensation have strong associations with MPAH
(ORagj1.71; 95%Cl: 1.16-2.51 and ORagj2.43; 95%CI: 1.58-3.72). Long duration time of
mobile phone use at night also relates to sleep quality (ORagj1.60: 95% CI; 1.09-2.34).
The result of the 2" phase has found the minimum of smartphone output power ( SOP)
use among samples to be at 9 x10°mW, with maximum and mean of 1.55mW
and0.001mW. Therefore, the result shows that the SOP in the range of <1.79 and 1.80 -
1.99x10°mW will affect migraine (ORagj2.02; 95% CI: 1.17-3.49 and ORag;3.25; 95% Cl:
1.65-6.42). The undetermined headache has relatively been found with SOP in the range
0f1.80-1.99x10°mW (ORagj2.32; 95% Cl: 1.23-4.34).The SOP also has had the delay
effect on headache in a dose-response correlation while migraine has reverse dose-
response correlation. Additionally, smartphone electromagnetic radiation effects have

triggered to the criteria that induce headache, especially migraines.

The SOP in the range of <1.79 x 10°mW correlates to sleep difficultly (ORag2.19;
95% CI: 1.01-4.71), in the range of <1.79 and >2 x 10°mW, and correlates to inefficiency
sleeping (ORagj4.54; 95% CI: 3.33-6.20 and OR4j3.81; 95% CI: 2.59-5.60), also the range
of 1.80 - 1.99x10°mW correlates to morning sleepiness (ORagj1.78; 95% CI: 1.21-2.61).
Sleep loss and wake up at night have related to SOP in the range of >2 x10°mwW
(ORagj1.78; 95% CI: 1.21-2.61 and ORagj1.26; 95% CI: 1.01-1.57 respectively). The SOP
which the range of > 2 x10°mW has correlated to poor sleep (ORag1.30; 95% CI: 1.03-
1.64) and the nocturnal SOP in the range of 1.80-1.99 x 10°mW also affected poor sleeping
(ORagj1.66; 95% CI: 1.15-2.40). The delay effect of SOP has correlated with every
domain of sleep quality. Thus, the result has shown non-linear correlation which has been

called the window effect response.

Conclusion: According to the rapid changes of modernized technology and growth
of smartphone use in tandem with the higher frequency in the symptom of MPAH and
sleep problem in adolescence, the results have shown that MPAH characteristic classified
as secondary headache. Electromagnetic radiation of smartphone correlates to headache

and sleep problems in window effect. The delay effect of SOP also correlates to headache



and sleep problems. The SOP was classified as a trigger for migraine. Finally, the results
have shown the trend of low output power correlated with the nervous system. That might

be the frequency of electromagnetic radiation which should be investigated in the future
study.



