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Introauction 
 Migraine is one of the most frequent and severe headaches caused by stimulation deep in the brain causing 

inflammation and pain around nerves and blood vessels in the brain and classified in one group of primary headache by 

international classification of headache disorders (ICHD) [1]. Previous studies reported light, odor, hunger, weather and 

smoke as more common triggers of migraine [2]. Migraine is triggered by the stressors which have response mechanism to 

repeat the stressor of the same kind [3] and increase response to other mediators, manifested as central sensitization. 

Adolescent most of the time is exposed to various triggers and excessive use of electronic devices that found a risk for 

ordinary headaches and migraine [4]. Migraine and particularly repeated or recurrent migraine might impose a recognizable 

burden on the suffers in their adolescence in terms of their impaired health, quality of life and academic performance as 

well as cause their parent’s financial burden in terms of treatment costs [5,6]. A previous study supported comprehensive 

migraine treatment programs with avoidance of trigger factors through appropriate lifestyle change to reduce headache 

frequency [2]. 

 The smartphone is manufactured with modernized technology and is popularly used to meet people’s various 

needs. In Thailand, the overall values of the communications market in 2011 grew by 9.2% and the smartphone market was 

forecasted to increase by 24.9% [7]. Previous studies on the health effects of smartphone use generally reported findings 

related to headaches (63.2%) [8]. The smartphone output power is an important indicator in assessing electromagnetic 

energy outside the body related to exposure levels and the amount of energy absorbed in tissues [9]. The smartphone output 

power was used in real time by software in the smartphone and measuring output power out of smartphone by software 

or computer program but not measuring individual levels because measurements are taken with the device [10,11]. 

 A smartphone is an electromagnetic emission source closest to the head and the human nerves which are the 

electrical parts of human body and far from being in a state of equilibrium. Although the emitted electromagnetic energy is 

below the maximum standard value, it could more or less affect human. Electromagnetic radiation was found to affect the 

areas of thalamus, raphe magnus nucleus, and spinal cord by reducing the neurotransmitters such as acetylcholine, neuronal 
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nAChR, and those that have an important role in inhibiting pain [12]. This radiation was also found to affect the functioning 

of the dopamine-opiate system resulting in lowering the number of cells of the neurotransmitter, to the extent that it cannot 

perform the function of a pain suppresser [12]. All of these are the main mechanisms of headaches. Smartphone 

electromagnetic energy might act as a repeated stressor which triggers migraine.  

 The effects of electromagnetic radiation in producing migraine remain unclear. The studies of smartphone use 

and its migraine impact will provide data for recommending safe smartphone use which perhaps can help decrease 

migraine headache frequency. 

 

 

Mat rials ana M thoas 
The sample size was calculated based on 10% prevalence of headache by mobile phone used [14]. The sample of 

966 high school students in Chiang Mai, Thailand completed questionnaires in the first phase. This study selected 200 

samples from 966 high school students in the first phase based on the inclusion criteria such as the subjects owned at least 

one smartphone and no family history of migraines, no daily health-related behaviors including liquor, coffee or tea 

consumption, and smoking, had no diseases or health problems diagnosed by the doctors, nor were they undergoing any 

the treatment. The exclusion criteria were that they had hospital anxiety and depression (HAD) scores equal to 11 points 

and more in the first phase and no severe illnesses or injuries. The prospective time series study was conducted during from 

October to December 2015. It was approved by the Ethics Committee for Human Research, Faculty of Medicine at Chiang 

Mai University. The 200 samples were asked to record headache and sleep quality by a smartphone application daily (Figure 

1). Finally, 12,696 records were obtained from totally 145 students. The 55 samples withdrew from the study because they 

had been loaded with their classes and some failed to send information. The headache was assessed by daily headache 

questionnaire that was conducted based on ICHD version 3 beta criteria and scored to determine headache type according 

to the diagnosis algorithm [13]. The first headache type is classified as migraines characteristics and groups are divided by 

scores where migraines = 3, potential migraines =2 and scores of less than uncategorized patients =2. For the subjects with 

scores less than or equal to 2, their scores were recalculated by tension type headache (TTH) characteristics. The recalculated 

scores were then used for category assignment of the subjects as in TTH group if score = 3, in potential migraine group if 

score = 2, and in undetermined headache group if score is lower than 2. This means those subjects with original score of 

exactly 2 will still be in the potential migraine group if their recalculated scores failed to meet TTH criteria. The sleep quality 

was assessed by the Pittsburg sleep quality index (PSIQ) which has been translated into Thai. The HAD form has been used 

to assess depression and anxiety and the use smartphones was also assessed by diary questionnaires. The total data was 

regularly recorded every day over a period of two to four months (60-120 days) by the smartphone application. Smartphones 

measured output power from smartphone antenna to the nearest area and the application has requested access to the 

smartphone output power via the program’s framework by setting to save every five minutes and sent to the researcher by 

email. The smartphone output power was continuous data with non-normal distribution and divided into three groups. 

 

Figure 1 The sampling procedure and sample response flow chart 
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Statistical Analysis 
 The data resulting in 12,969 records which then were coded and analyzed using Statistical Package for Social 

Science (SPSS) software version 20 to obtain frequency, arithmetic mean, and standard deviation. Relationships between 

smartphone output power and migraine headaches were investigated with odds ratio (OR) and their 95% confidence 

intervals (95% confidence intervals [CIs]) with p-value <0.05 considered statistically significant. Data analysis was 

conducted using generalized estimating equations (GEE) which can handle the confounding effects of such factors as 

demographic data, sleep quality, anxiety, depression and smartphone use, and no interaction effect was found. GEE analysis 

is suitable for dependent variables with correlated responses because data were collected from the same person. In the 

analysis, therefore, the correlational structure was set for dependent variables by considering the quasi-likelihood under an 

independence model criterion (QIC) where low QIC scores indicated that the correlational structure was good and corrected 

QIC (QICC) was used to compare the models under the same correlational structure. Low QICC scores indicated that the 

model was a fit. 

 

R sults  
 The study found that the majority of the samples were female, 17.4 years old on average with a normal health 

condition. The prevalence of person-day headaches to be 13.4%. In most cases, the headaches were TTH, 74.1%, followed by 

unidentified and migraine types at 16.9% and 9.0%, respectively (Table 1). 

 The data on smartphone output power was adjusted by the value of error measured from each device brand to 

normalize the value for all device brands (Table 2). The smartphone output power (SOP) values observations were then 

divided into three ranged groups: ≤ 1.79×10-5, 1.8–1.99×10-5, and ≥ 2.0×10-5 mW (Table 3). The most common range of SOP to 

which the samples were exposed was found to be ≥ 2.0×10-5 mW, 83.2% of the observations. SOP in the 1.8–1.99×10-5 mW 

range appeared least prevalent, only 1.5% and SOP in the ≤ 1.79×10-5 mW range prevailed in 15.3% of the observations. 

Table 1 Characteristics of person-day headache of participants presented as percent. 

Variable N (%) 

Headache (time)  

Yes  1705 (13.4) 

No 10991 (86.6) 

Headache type  

Migraine 153 (9.0) 

  Tension type headache (TTH) 1264 (74.1) 

Undetermined 288 (16.9) 

Table 2 The error output power of application by spectrum analyzer 

Brand device 

Mode Average 

error 

(dB) 

Standby (dB) Call  (dB) Talk (dB) 

App Spec Error App Spec Error App Spec Error 

Brand  1 -61.00 -35.65 -25.35 -58.00 -35.65 -22.35 -56.00 -33.65 -22.35 -23.35 

Brand  2 -65.50 -54.10 -11.40 -59.00 -45.50 -13.50 -53.50 -43.50 -13.00 -12.60 

Brand  3 -57.00 -37.65 -19.35 -53.00 -36.65 -16.35 -51.00 -34.65 -16.35 -17.35 

Brand  4 -63.00 -37.65 -25.35 -55.00 -35.65 -19.35 -51.00 -34.65 -16.35 -20.35 

Brand  5 -72.50 -62.50 -10.50 -59.50 -49.50 -10.50 -57.60 -47.50 -10.40 -10.50 

App = Measured by application, Spec = Measured by spectrum analyzer (gold standard)  

Table 3 Number of smartphone output power (SOP) grouped by time cycles and daily dose. 

Output power 

(×10-5 mW) 
Daily dose (%) Morning (%) Daytime(%) Evening (%) Nocturnal(%) 

≤ 1.79 1943 (15.3) 3597 (31.4) 2479 (20.1) 2303 (18.8) 2648 (20.9) 

1.8-1.99 186 (1.5) 226 (2.0) 120 (1.0) 79 (0.6) 301 (2.4) 

≥ 2.0 10567(83.2) 7646 (66.7) 9710  (78.9) 9896 (80.6) 9747 (76.8) 
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 To control the confounding effects, we conducted a statistical test to evaluate the relationship between various 

factors and found no interaction effect among them. Additional computation was made to adjust the effects of such potential 

confounders as demographic characteristics, and smartphone use. Auto regression 1 (AR1) was set as the correlational 

structure due to its lowest QIC (Tables 4 and 5). Apparently, the SOP in ≤ 1.79×10-5 and 1.80-1.99×10-5 mW ranges had the 

strongest correlation with migraines (ORadj = 2.02; 95% CI: 1.17-3.49 and ORadj = 3.25; 95% CI: 1.65-6.42) (Table 4) and were 

riskier than that in the > 2.00×10-5 mW range. The undetermined category of headaches was also correlated with the SOP 

1.80-1.99×10-5 mW range (ORadj = 2.32; 95% CI: 1.23-4.34). Meanwhile, TTH did not occur as a response to SOP at any range 

of exposure. The other factors, hand-free use and internet use had the strongest association with TTH (ORadj = 3.72; 95% CI: 

2.49-5.56 and ORadj = 2.15; 95% CI: 1.75-2.64), migraine (ORadj = 3.96; 95% CI: 1.21-12.87 and ORadj = 2.06; 95% CI: 1.20-3.51) 

and undetermined headache (ORadj = 1.92; 95% CI: 1.11-3.29 and ORadj = 2.33; 95% CI: 1.71-3.19). Furthermore, the results 

indicated that the factors of younger age and anxiety were related with migraines (ORadj = 1.79; 95% CI: 1.38-2.31 and ORadj 

= 1.12; 95% CI: 1.06-1.19) 

 

Discussion 
 The present study with daily data shows current person-day headaches to be 13.4%, and migraine type to be 9.0%. 

The results were consistent with the findings from the first phase of the study, involving the entire student population. The 

prevalence of headache and migraine type was 47% and 20.4% in Brazil [15], which is, however, different from studies 

conducted elsewhere. A study in Sweden using a daily headache record revealed migraines were 24.9% [16]. The 2002-2012 

survey in USA revealed the prevalence of migraine headache to be 12.2% [17]. Headache prevalence varies across geographic 

areas, cultures, and the sample groups, as well as the criteria for classifying types of headache [15]. 

Table 4 Odds ratio (OR) of migraine type and its 95% confidence intervals (CI) for each factor and daily dose 

adjusted for all other factors using generalized estimating equations (GEE) (Auto regression 1; Quasi likelihood 

under an independence model criterion [QIC] =1314.86; corrected QIC [QICC] = 1309.60) 

Factor 
Migraine headache Crude 

OR 

Adjusted 

OR 

95% CI 
p- 

value Yes No Lower Upper 

Age (mean ±SD) 16.9±0.9 17.4±1.0 1.80 1.79 1.38 2.31 <0.01 

Anxiety score (mean ±SD) 3.0±3.0 1.8±2.4 1.12 1.12 1.06 1.19 <0.01 

Lag_6 dose (×10-3mW)  

(mean ±SD) 
0.72±1.4 2.1±16.3 6.3×10-44 1.11×10-38 4.55 ×10-69 2.69×10-8 0.01 

Total 153 12537           

Internet use (Yes/ No) 1416/11280  2.0/ 1.1  1.89 2.06 1.20 3.51 <0.01 

Hand-free use (No/ 

Frequent) 
10477/ 951 1.3/ 0.5 3.26 3.96 1.21 12.87 0.02 

Dose group (×10-5 mW)               

 ≤1.79/ ≥2.00 1943/10567  2.1/ 1.0  2.00 2.02 1.17 3.49 0.01 

 1.80-1.99/ ≥2.00 186/ 10567  2.7/ 1.0  4.08 3.25 1.65 6.42 <0.01 

Adjusted by age, body-mass index (BMI), vision, anxiety, depression, Pittsburg sleep quality index (PISQ), internet use, hand free use, brand device, and 

smartphone output power (SOP). 

Table 5 Odds ratio (OR) of headache type and their 95% confidence intervals (CIs) for each factor and lag dose 

adjusted for all other factors using generalized estimating equations (GEE)  

Parameter Exp (B) 
95% CI for Exp (B) 

p-value 
Correlation 

structure 
QIC QICC 

Lower Upper 

Migraine type       

Lag_6 1.106E-38 4.548E-69 2.690E-08 0.01 AR1 1346.608 1341.171 

Lag_6 3.988E-46 8.918E-83 1.784E-09 0.02 Exchangeable 1347.436 1341.779 

Adjusted by age, body-mass index (BMI), vision, anxiety, depression, Pittsburg sleep quality index (PISQ), internet use, hand free use, and brand device. 

QIC = Quasi likelihood under an Independence Model Criterion; QICC = Corrected QIC; AR1 = auto regression 1  
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 The present study showed that a year younger student compared to a year older one was likely to face a relatively 

greater degree of migraine and undetermined headache. This result is in contrast with most previous studies which found 

headache prevalence to vary positively with age [18], particularly the migraine type headache. The results from the present 

study are in line with those found from the first phase investigation on factors associated with headache from mobile phone 

use that young age had implication for mobile phone associated headache. A study in Korea surveys revealed as high as 31% 

of children aged 8-10 owned and used mobile phones and found the average age of children first using a mobile phone 

decreased from 12.5 years old in 2008 to 8.4 years old in 2011 implying a tendency for children to own and use mobile phones 

at younger ages [19]. 

 High scores of PSQI are found to be linked with migraines [20,21] and sleep quality has been found to be a highly 

explanatory factor for frequent headache attacks [21], particularly migraine, triggered by the hypothalamus which is linked 

with limbic system, retino hypothalamic tract, and brain-stem aminergic nuclei [22], as well as with periaqueductal gray 

(PAG) matter. Rapid-eye movement or sleep-off is activated by the orexin. Orexin works by stimulating neurons in the 

ventrolateral part of the peri-aqueductal gray matter, which normally functions as an inhibitor of the antinociceptive activity 

in the trigeminal nucleus caudalis, thereby resulting in causing a migraine attack [23]. Evidences exist that migraines can be 

affected by neurotransmitters, serotonin, dopamine, and melatonin and the anti-inflammatory system and migraine will 

affect the level of melatonin [20]. The result from the present study confirms the association between sleep quality and 

migraine. 

 Internet use is a risk factor of migraine, TTH and undetermined headache (ORadj = 1.98-2.41; 95% CI: 1.20-3.51, 

ORadj = 2.15; 95% CI: 1.75-2.64 and ORadj = 2.33; 95% CI: 1.71-3.19). Talking on smartphones in both internet and cellular modes 

often involves holding the device close to the head, and the electromagnetic radiation from smartphone to which the users 

are exposed induces changes in biological reaction, change of protein in the brain, and causes nervous system problems, 

especially headache symptoms [24]. There is also a finding from the present study that not using hand-free devices while 

talking on smartphone produces the strongest effect in causing migraine and TTH (ORadj = 3.96; 95% CI:1.21-12.87 and ORadj 

= 3.72; 95% CI: 2.49-5.56). 

 Smartphone use among sampled students was considered on the basis of SOP which was measured and stored in 

the device and was viewed with the use of an application. The SOP values received in the 1.8-1.99×10-5mW range appeared 

to be the least prevalent, only 2.4% of the observations, taking place mostly during nighttime. Previous studies indicated 

most teenagers, 62-72%, used advanced smartphones in the evening and at night, after 9 pm and during 0–3 a.m., with 34-

55% of the use for texting, social media, and 24% for playing games [25].  SOP values in this study were thus lower than the 

values of smartphone electromagnetic radiation in other studies which used an external metering device and might be 

affected upward by the radiation from other sources. In this study, the maximum SOP was 1.55 mW which was different 

from the study of Lonn et al. which showed the most frequently used power levels were the highest at 33 dBm and the 

lowest at 5 dBm [26], and the mean TDMA and GSM power output values were 18.2 and 14.1 dBm. In the study of Kelsh et 

al. and Gosselin the average output power was between 0.001-0.63 mW [10, 27].  This value concurred with the average 

power consumption of a human cell, at 1×10-9 mW [28]. 

 The present findings revealed that migraine headaches were correlated with smartphone output power at the 

ranges of ≤ 1.79×10-5 and 1.80-1.99×10-5 mW. The correlation was found to be non-linear, which agreed with the previous 

experimental studies on exposure to microwave frequency radiation which found the response to take place only at specific 

values or in a specific range called window effect. Similarly, an experimental study of Frey et al. and Merritt et al. found 

that the blood brain barrier responds to microwave frequency radiation only at 2.4 mW/cm2 and 0.2 mW/cm2 intensity [29]. 

The mechanism of headache response to smartphone electromagnetic radiation is often driven by the dysfunction of the 

endogenous pain control system affecting the areas of thalamus, raphe magnus nucleus and spinal cord by decreasing 

neurotransmitters such as acetylcholine, neuronal nicotinic acetylcholine receptors playing an important role in inhibiting 

pain [29]. 

 Furthermore, our study found migraine to respond to the delayed effect of daily SOP after a seven-day exposure 

(lag_6) in a reverse dose-response manner. The repeated exposure to electromagnetic radiation for a long period results in 

the accumulation of response and the long-time response, which is consistent with the findings of Merritt et al., in the year 

1977 [29]. The 1977 study was conducted in experimental rats with exposure to electromagnetic radiation, seven hours a day 

for 30 days, and found the epinephrine response in the brain to increase on the twentieth day after the exposure and returned 

to normal on the thirtieth day. The results of high intensity revealed an increase in norepinephrine, dopamine, and serotonin 

on the fifth day after exposure which, however, reduced after the continued or repeated exposure. However, there is no 

clear explanation on the mechanism for the occurrence of delayed response to electromagnetic exposure which might be 

due to the adaptive process of the nervous system to return to equilibrium or due to allostatic load [30]. Yet, the repeated 

exposure is synonymous with the continued accumulation and thus causes the nervous system to respond to an 

accumulated effect.   

 Characteristically, a migraine occurs as the result of the brain’s nervous system using an adaptive process as a 

response mechanism to cope with repeated stress. The adaptive process involves the continuative and cumulative alteration 
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in cells and system which leads to either the restoration of equilibrium (allostasis) or allostatic load, if the adaptive process 

takes place abnormally [30]. The migraine maladaptive process results in the system’s failure to habituate to repeat the 

stressor of the same kind [3] and this activates increased response to other mediators, manifested as central sensitization 

leading to lower resistance to pain, and sensitivity in response to the same stressor [31]. Certain responses reflect a protective 

adaptive process, for example: allodynia, phonophobia, photophobia, osmophobia, and allodynia, which are pain triggered 

by the stressors at a normal level [32,33]. Thus, the findings from the first phase of this study, that headache associated with 

mobile phone use is not severe [14], can be used to explain that migraine has a response to low output level and delayed 

effect in the form of reverse dose-response, and that it is also an output effect.  

 Finally, the findings from the present study point out that smartphone electromagnetic radiation is likely to be 

the trigger of migraine type headache. To be considered as a trigger [22], the following conditions must occur: 1) a trigger 

must be able to reach blood vessels or many receptors in the nervous system, to cause the biochemical reactions; 2) a trigger 

must have a reasonable linkage with the receptors. Previous studies revealed that mechanism of headache response to 

microwave electromagnetic radiation was inducing the response from various neurotransmitters and endogenous-opioids 

[24,29]. 3) There is a definite amount of exposure to make the response observable. Study findings revealed that migraine 

responds to smartphone output power in the window effect pattern (1.80-1.99×10-5 mW and ≤ 1.79×10-5 mW); 4) There might 

be co-factors for triggering effect like the use of smartphone for a long-time conversation; 5) Triggers on the central nervous 

system effects must be able to penetrate or damage the blood-brain barrier. The existence of empirical evidence has proven 

that microwave electromagnetic radiation causes alterations in the blood-brain barrier [29]. Thus, smartphone 

electromagnetic radiation is a new trigger of migraine. 

 The headaches in this study as reported by students and classified type of headache by a diagnostic algorithm 

might be a limitation of this study. Furthermore, measuring the smartphone’s output power by using the data in the 

smartphone, not measuring from the outside, can lead to misclassification of exposure. The study was a panel study, 

meaning the outcomes and exposures have been followed in the same sample group which was considered as controlling 

individual and environmental confounders. The tool of this study relied on technology by creating a smartphone application 

that was used to record data every day to avoid recall bias. Finally, the study had a large sample size, which enables the 

possibility of analyzing even the effects of slight SOP on nervous system. 

 

Conclusions 
SOP, which is smartphone electromagnetic radiation, has a non-linear correlation with migraine headaches which 

has been called a window effect response. The result has also found migraine response to a delayed effect of SOP in the 

form of reverse dose-response. The delayed effect response on repeated exposure can recover and re-balance itself after 

exposure to electromagnetic radiation. Additionally, smartphone electromagnetic radiation has effects that fit the criteria 

for triggers that induce migraines. Finally, younger student, internet use and talking without hand-free devices were risk 

factors of migraines. It is recommended that limited time for smartphone talking with hand-free device and older age 

starting using smartphone be suggested in order to prevent migraine attack. 
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