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บทคดัย่อ 

 
สมาร์ทโฟนเป็นเคร่ืองมือส่ือสารท่ีมีความทนัสมยั สามารถตอบสนองความตอ้งการไดอ้ย่าง

หลากหลาย โดยประเทศไทยพบประชากรกลุ่มอายุ 15-24 ปี เป็นกลุ่มท่ีมีการใช้คอมพิวเตอร์ 
อินเตอร์เน็ตและโทรศพัทเ์คล่ือนท่ีมากท่ีสุด ซ่ึงสมาร์ทโฟนนบัเป็นแหล่งแพร่พลงังานแม่เหล็กไฟฟ้า
ท่ีมีการใช้ใกลก้บับริเวณศีรษะและระบบประสาทมากท่ีสุด ซ่ึงระบบประสาทในมนุษยเ์ป็นเน้ือเยื่อ
ทางไฟฟ้าและมีภาวะท่ีไม่เสถียร การสัมผสัพลงังานแม่เหล็กไฟฟ้าท่ีมีความเขม้ต ่าก็สามารถกระตุน้
หรือเหน่ียวน าให้เกิดการเปล่ียนแปลงหน้าท่ีของระบบประสาทท่ีเก่ียวขอ้งกบัอาการปวดศีรษะและ
ปัญหาการนอนหลบั วตัถุประสงค์ในการศึกษาน้ีจึงตอ้งการศึกษาความสัมพนัธ์ระหว่างการแผ่รังสี
แม่เหล็กไฟฟ้าจากสมาร์ทโฟนท่ีมีผลกระทบต่ออาการปวดศีรษะและคุณภาพการนอนหลบั  

ในการศึกษาน้ีท าการสุ่มตวัอย่างนักเรียนมธัยมศึกษาตอนปลายในโรงเรียนประจ าจงัหวดั
เชียงใหม่ 996 คน ดว้ยวิธีการ random sampling เพื่อท าการส ารวจและคดัเลือกนกัเรียนจ านวน 200 
คน ตามเกณฑก์ารคดัเขา้และคดัออกและท าการศึกษาในรูปแบบ prospective time series designs กลุ่ม
ตวัอย่างได้ท าการบนัทึกอาการปวดศีรษะ การนอนหลบั และกิจกรรมท่ีเก่ียวข้องด้วยแบบบนัทึก
ประจ าวนัท่ีจดัท าเป็น Application ร่วมกบัการจดัท า Application เพื่อบนัทึกขอ้มูล smartphone output 
power ท่ีท าการวดัจากเคร่ือง smartphone ท าการวเิคราะห์ขอ้มูลดว้ย generalized estimation 
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equations และ binary logistic regression ผลการศึกษาในระยะท่ี 1 พบอาการปวดศีรษะท่ีเก่ียวเน่ือง
จากการใช้โทรศพัท์เคล่ือนท่ี (Mobile Phone Associated Headache: MPAH) ร้อยละ 77.7 (95% CI: 
74.8-80.3) ซ่ึงเป็นอาการปวดศีรษะท่ีไม่สามารถจดัเขา้กลุ่มได้ (undetermined headache) มีลกัษณะ
อาการปวดศีรษะเฉพาะแตกต่างจาก primary headache พบปัจจยัการสนทนาทางโทรศพัท์เคล่ือนท่ี 
(MP) และอาการร้อนรอบหูมีผลต่อ MPAH และพบการใช้ MP ในระยะเวลานานก่อนนอนมีผลต่อ
คุณภาพการนอนหลบั โดยการศึกษาในระยะท่ี 2 พบว่า smartphone output power (SOP) มีค่าต ่าสุด
เท่ากบั 9 x10-9 สูงสุดอยู่ในค่า 1.55mW ค่าเฉล่ียเท่ากบั 0.001mW ขณะท่ีพบว่า SOP ในช่วง ≤ 1.79 
และ 1.80-1.99x10-5mW มีความสัมพนัธ์ต่อการเกิดอาการปวดศีรษะชนิดไมเกรน ORadj2.02; 95% CI: 
1.17-3.49 และ ORadj3.25; 95% CI: 1.65-6.42 โดยอาการปวดศีรษะชนิดท่ีไม่สามารถจดัเขา้กลุ่มมีการ
ตอบสนองต่อ SOP ในช่วง 1.80-1.99x10-5mW โดยเทียบกบัช่วง ≥ 2 x10-5mW พบ ORadj2.32; 95% 
CI: 1.23-4.34 โดยเทียบกบั SOP ในช่วง ≥2 x10-5mW และพบอาการปวดศีรษะมีการตอบสนองต่อผล
หน่วงของ SOP ในรูปแบบ dose-response ขณะท่ีไมเกรนตอบสนองในรูปแบบ reverse dose-response 
โดยพบลกัษณะของ SOP มีลกัษณะเขา้ไดก้บัเกณฑ์การเป็นตวักระตุน้ (trigger) ต่ออาการปวดศีรษะ
ไมเกรนนอกจากน้ีพบปัญหาการนอนหลบัยากตอบสนองต่อ SOP ท่ีใช้ก่อนนอนในช่วง ≤1.79 x              
10-5mW เทียบกบัช่วง ≥2 x 10-5mW พบ ORadj2.19; 95% CI: 1.01 - 4.71 โดย SOP ในช่วง ≤1.79 และ 
≥2 x10-5mW  เม่ือเทียบกบัช่วง 1.80 - 1.99 x 10-5mW มีความสัมพนัธ์กบัการนอนไม่มีประสิทธิภาพ 
ORadj4.54; 95% CI: 3.33-6.20 และ ORadj3.81; 95% CI: 2.59-5.60 พบการใช้ SOP ก่อนนอนในช่วง 
1.80-1.99x10-5mW เม่ือเทียบกับช่วง ≤1.79 x10-5mW  มีความสัมพนัธ์กับอาการง่วงนอนตอนเช้า 
ORadj1.78; 95% CI: 1.21-2.61 ขณะท่ีระยะเวลาการนอนไม่เพียงพอและการต่ืนนอนระหว่างคืน 
ตอบสนองต่อการใช้ SOP ก่อนนอนในช่วง  ≥2 x 10-5mW โดยพบ ORadj1.78; 95% CI: 1.21-2.61 
และ ORadj1.26; 95% CI: 1.01-1.57 ตามล าดบั ขณะท่ีการใช้ SOP ในช่วง ≥2 x 10-5mW สัมพนัธ์กบั
คุณภาพการนอนโดยรวม ORadj1.30; 95% CI: 1.03-1.64 และการใช้ SOP เวลาหลงัเท่ียงคืนในช่วง 
1.80 - 1.99x10-5mW พบมีความสัมพนัธ์กบัคุณภาพการนอนโดยรวม ORadj1.66; 95% CI: 1.15-2.40 
และพบวา่ผลหน่วงของ SOP มีความสัมพนัธ์เกือบทุกดา้นกบัคุณภาพการนอนหลบัโดยผลการศึกษา
ท่ีพบความสัมพนัธ์ระหว่าง SOP และระบบประสาทเป็นความสัมพนัธ์ท่ีไม่เป็นเส้นตรง เรียกว่า 
window  effect 

สรุป อาการปวดศีรษะและปัญหาคุณภาพการนอนหลับในกลุ่มวยัรุ่นมีแนวโน้มเพิ่มข้ึน
สอดคล้องกับการเพิ่มข้ึนของโทรศัพท์เคล่ือนท่ี โดยพบอาการปวดศีรษะท่ีเก่ียวข้องกับการใช้
โทรศัพท์เคล่ือนท่ี (MPAH) ซ่ึงเป็นกลุ่มท่ีไม่สามารถจัดเข้ากลุ่มได้ (undetermined headache) มี
ลกัษณะเฉพาะเข้าได้กบัเกณฑ์ secondary headache พบการแผ่รังสีแม่เหล็กไฟฟ้าจากสมาร์ทโฟน             
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มี ความสัมพนัธ์ต่ออาการปวดศีรษะและคุณภาพการนอนในรูปแบบ  window effects และพบผล
หน่วงของ smartphone output power ต่ออาการปวดศีรษะและปัญหาการนอนหลบัพบ smartphone 
output power ท่ีมีลกัษณะเขา้ไดก้บัเกณฑ์การเป็นตวักระตุน้ สุดทา้ยผลการศึกษาพบว่า smartphone 
output power มีแนวโน้มในระดบัต ่าความสัมพนัธ์กบัระบบประสาท ซ่ึงอาจจะเก่ียวขอ้งกบัความถ่ี
ของแม่เหล็กไฟฟ้าท่ีควรท าการศึกษาต่อไปในอนาคต 
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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 IOS operating systems. These data have been analyzed by binary logistic regression 

and generalized estimation equations. The result of the 1st phase shows the
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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 

(ORadj1.71; 95%CI: 1.16-2.51 and ORadj2.43; 95%CI: 1.58-3.72). Long duration time of 

mobile phone use at night also relates to sleep quality (ORadj1.60: 95% CI; 1.09-2.34). 

The result of the 2nd phase has found the minimum of smartphone output power ( SOP) 

use among samples to be at 9 x10-9mW, 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 - 

1.99x10-5mW will affect migraine (ORadj2.02; 95% CI: 1.17-3.49 and ORadj3.25; 95% CI: 

1.65-6.42). The undetermined headache has relatively been found with SOP in the range 

of1.80-1.99x10-5mW (ORadj2.32; 95% CI: 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 10-5mW correlates to sleep difficultly (ORadj2.19; 

95% CI: 1.01-4.71), in the range of ≤1.79 and ≥2 x 10-5mW, and correlates to inefficiency 

sleeping (ORadj4.54; 95% CI: 3.33-6.20 and ORadj3.81; 95% CI: 2.59-5.60), also the range 

of 1.80 - 1.99x10-5mW correlates to morning sleepiness (ORadj1.78; 95% CI: 1.21-2.61). 

Sleep loss and wake up at night have related to SOP in the range of ≥ 2 x10-5mW 

(ORadj1.78; 95% CI: 1.21-2.61 and ORadj1.26; 95% CI: 1.01-1.57 respectively). The SOP 

which the range of ≥  2 x10-5mW has correlated to poor sleep (ORadj1.30; 95% CI: 1.03-

1.64) and the nocturnal SOP in the range of 1.80-1.99 x 10-5mW also affected poor sleeping 

(ORadj1.66; 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 
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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. 
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ข้อความแห่งการริเร่ิม 
 

1. สมาร์ทโฟนเป็นเทคโนโลยท่ีีทนัสมยัตอบสนองความตอ้งการท่ีหลากหลายต่อกลุ่มวยัรุ่นท าให้
มีการใช้เพิ่มข้ึนอย่างรวดเร็ว การศึกษาพบว่าการแผ่รังสีแม่เหล็กไฟฟ้าจากสมาร์ทโฟนมี
ผลกระทบต่ออาการปวดศีรษะและการนอนหลบัยาก 

2. การศึกษาพบว่าอาการปวดศีรษะจากการใช้โทรศัพท์เคล่ือนท่ีควรถูกจัดเป็น secondary 
headache และ output power จากสมาร์ทโฟนมีลกัษณะเป็น trigger ต่อไมเกรน 

3. การวดัการสัมผสัการแผรั่งสีแม่เหล็กไฟฟ้าจากสมาร์ทโฟนในรูปแบบของ Specific Absorption 
rate เป็นการค านวณท่ียุ่งยาก ซ่ึงค านวณจากค่า output power สูงท่ีสุดของสมาร์ทโฟน การวดั 
output power จากสมาร์ทโฟน จึงเป็นการประเมินการสัมผสัระดบับุคคลท่ีใชใ้นการศึกษาทาง
ระบาดวิทยา  ดังนั้ นการวดั output power ท่ีมีการวดัและบันทึกอย่างต่อเน่ืองโดยการใช้ 
application ท่ีติดตั้งเพิ่มในสมาร์ทโฟนจึงเป็นวิธีการใหม่ท่ีท าให้สามารถท าการศึกษาทาง
ระบาดวทิยารูปแบบ time seriesในมนุษย ์
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STATEMENTS OF ORIGINALITY 

1. The study focus on smartphone, which is a modernize technology to meet many 

needs of adolescents. As a result, adolescents have high rates of mobile phone 

possession and use. The study found the effect of electromagnetic radiation from 

smartphoneon headache and difficult sleep.  

 

2. The study found the mobile phone associated headache should be classified into 

secondary headache and smartphone output power was classified as a trigger for 

migraine. 

 

3. Measurement of exposure to electromagnetic radiation with specific absorption 

rates (SAR) in human heads is difficult and vague. Specific absorption rate is 

calculated by using maximum output power of smartphones. Smartphone output 

power is assessment of individual exposure to electromagnetic energy that is 

important for epidemiological study. Application which was installed in 

smartphone, use for continuous record smartphone output power is the new method 

for time series design of epidemiology study. 

 

 



 

1 

CHAPTER 1 

Introduction 

1.1 Background  

The development of the industrial and economical work usually needs 

technological development, especially communication. Currently, mobile phones are 

popularly used to meet people’s various needs. The social, cultural, economic, political, 

and educational changes in every part of the global society create borderless world which 

is linked systematically and internationally. Mobile phones will encourage small business 

growth1 by creating electronic commerce, educational system development and 

increasing in perception2 leads to thinking processes improvement which will help us to 

solve problems accurately and quickly.3 Furthermore, mobile phones will save people for 

emergency situations,4 enhance family relationship5,6 and, the most important, provide 

many forms of entertainment which will increase the demands quickly. The 

communication hardware industry has been found as one of the top four technological 

markets in the world with continually rising trends. Mobile phone sales in 2016 were 

expected to be as high as 2.6 billion or 1.4 devices/person.7 In 2014, mobile phones use 

were more than 50% of all electrical appliances in the world.8 Moreover, telephone 

expenses throughout the world were increased to 105.9 billion in 2011 with the 

expectations of reaching 712 billion in 2017.9 

In Thailand, the overall values of the communication markets in 2011 grew by 9.2% 

and the smartphone market was forecasted to increase by 24.9%.10 Students aged six years 

old and more possessed smart phone (72%) with trends of computer, internet and mobile 

phone usage increased from 36.7% in 2005 to 66.4% in 2012. The population aged 

between 15-24 years old is the group who has used the highest computer, internet and 

mobile phone usage.11 The significant data has shown Thai adolescents have a long 

duration time talking on mobile phone, making them the first rank in Asia with a mean of 

60.7 minutes per day.12 
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Mobile phones function as wireless cellular communication systems.13,14 Currently, 

mobile phones have been developed and improved the functional capacity into what we 

called “smartphone”.15,16 Smartphones use electromagnetic wave transmission, 

microwave frequencies, from the antennas to destination’s signal numbers via control 

channels to the base station (BS). Then the base station will send the requested signals to 

the mobile telephone switching office (MTSO) in order to search and connect with the 

destination unit. However, if smartphone are unable to detect signal channels during 

communication, smartphone will display “no service” during conversations. If 

smartphone move from one station’s service radius to others, the destination smartphone 

will switch to use the signal channels of the base station in the new cell or “hand over” in 

order to be consistent.13,14 Assessment of the levels of contact with electromagnetic 

radiation and the amount of smartphone energy absorbed by tissues are assessments of 

smartphone output levels,17-19 based on the time smartphone are in use.18 

While electromagnetic radiation emitted by smartphone is non-ionizing, it has 

sufficient energy to excite electrons and cause two biological effects including thermal 

and non-thermal.20-21 Smartphones are sources of electromagnetic energy located closest 

to users’ heads.22-24 Although the emitted electromagnetic energy is below the maximum 

standard value that can affect human nerves as the nerves are electrical parts of human 

bodies and far from being in a state of equilibrium.21-22, 25-26 Furthermore, contact with 

low-intensity electromagnetic radiation can also excite or lead to changes in nervous 

system functions,23,25-27  this will lead to either biological effects or symptoms of nervous 

system related to headache22 and sleep problems. Most studies of the health impact of 

using mobile phones have found fatigue (42-45%), memorial problem  (15-40.6%), sleep 

(38.8%), hearing (23.1%), concentration (34.3-52%), heat around the ears (28.3-50%) 

and headache (16.1-65%) to the most frequently encountered symptoms.28-31 

1.2  Rationale 

1.2.1 Headache and smartphone 

Headache is a type of pain referred to the surface of the head from deep structures 

in the head caused by changes in the skull such as blood vessel and nerve excitement. 

Excitement outside the skull such as meningitis, lower spinal fluid pressure, migraine, 

consumption of alcohol beverages, and nose and eye irritation.32 Headache is the most 
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severe symptom found among the group of neurological disorders and problems 

throughout the world33 with some changes according to the area. Headache can be found 

in children more than adults. The prevalence of headache among preschool-aged children 

has been found at 3-7%, 37-51% of elementary school children, and 57-82% of high 

school students.34 Migraine prevalence has been found at 7.7% and tension-type headache 

has been found at 52%.33 Headache among adolescents has been found to have higher 

prevalence from 47-82% in 2006-201234-39 to 83-94% in 2013-201540-43 with effects on 

daily life, education, and quality of life.36, 41, 44-46 Therefore, the managements of 

controlling headache are important for taking care of persons with headaches or adapt to 

the co-morbidities of headache such as depression, which has been found three times 

more than migraines population, etc.47 Headache is related to many factors including 

pathology and psychology. Thus, the study is also interested in electromagnetic energy 

from mobile phones causing headache. 

Adolescents have some of the highest mobile phone possession rates,11 while mobile 

phones are sources of electromagnetic energy emissions used close to the head.22, 24 Studies 

followed the groups that use mobile phones have been found patients with migraines and 

dizziness to have higher standardized hospitalization ratios by 10-20%.48 Furthermore, 

the study conducted by Chu et al. concluded that headache from mobile phones was 

secondary headache.49 Electromagnetic radiation from smartphone excite or lead to 

chemical and biological changes in cells,27 causing presenting symptoms and behaviors 

which are due to changes in nervous system function.28 

1.2.2 Sleep problems and smartphone 

Good sleep is similar to food, drinking water, and fresh air which is necessary for 

physical growth, behavioral, emotional, and learning development among adolescents.50-53 

Sleep is a state with changes in mobility, movement, and perception that is different from 

unconsciousness or lack of feeling because sleeping state can return to normal. Sleep is a 

physiological process with functions at various levels of central and peripheral nerves 

with hormone secretion.54 

Sleep problems in adolescents occur throughout the world. The National Sleep 

Institute in the United States has found prevalence of sleeping problem in children and 

adolescents at 25% and 40%.55, 56 The study conducted in multiple countries by Mindell 
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in 2008 found prevalence of sleeping problem at 25-40%55 and sleeping problem 

prevalence increased from 16.9-54.2% in 2000-201351, 55, 57-59 to 58.7-66% in 2014-

2016.53, 60 The thesis focuses on adolescents whose sleep patterns depends on many 

factors. Furthermore, personal factors including gender, grade level, family, school, social 

culture, environment, and sleep hygiene51-53, 57, 61-62 have affected to sleep architecture 

combined with declining slow wave sleep in NREM sleep.  These lead to changes in 

homeostatic and circadian regulation of sleep.63 

Therefore, sleep problems among adolescents have influenced on perception and 

learning ability, which result in low academic performance,64-66 substance abuse, 

consumption of caffeine, alcohol beverages leading to more potential accidents.67-69 In 

addition, sleep problems can cause drowsiness during daytime (35-40%), health effects, 

and chronic diseases.64, 70-72 Sleep problems are one of the risk factors of death (RR: 1.12; 

95% CI 1.06-1.18)73 that also have affected to psychological problems, stress, and 

depression.74-75 Thus, adequate sleep is essential for a good health and quality of life.53 

Adolescents are currently growing up in the era of modern technology76 with electrical 

devices and electronic media mostly found in adolescents’ bedrooms (75%).77 The uses 

of electronic media and mobile phone for conversation before sleeping have related to 

sleep problems (77%).64, 77-84 Therefore, the uses of these technologies are an 

environmental factor that will influence sleep. 

Health impacts from the electromagnetic energy emitted from smartphone remain 

inconclusive. Usage of mobile phones increases on occurrence of direct contact of brain 

with electromagnetic radiation, especially for children and adolescents in the “digital 

era”76 whose possession of smartphones become continually rising trends. For this means, 

children and adolescents are at high risk and studies of health impacts aiming at creating 

precautionary protection are necessary.85 

1.3 Aim:  

 The study aimed to investigate the relationship between the effects of smartphone 

radiation on headache and sleep quality among high school students. Secondary 

objectives are the followings. 
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1.3.1 To study the characteristics of mobile phone use, headache symptom, and 

sleep quality among high school students. 

1.3.2 To study the correlation between smartphone output power and headaches 

among high school students. 

1.3.3 To study the correlation between smartphone output power and sleep quality 

among high school students. 

1.4 Theory and literature review 

1.4.1 Theory and literature review for electromagnetic radiation from 

smartphone. 

 1)  Electromagnetic waves 

 

 

Figure 1.1 Visual chart of knowledge on electromagnetic waves. 

Source: IHMC Camp tool, website 

http://cmapspaceexpihmcus/rid=1162335457928_93187048_ 8202/25%20 

Electromagnetic Radiationcmap; [cited 2014]. 

Electromagnetic energy propagates in the form of electromagnetic fields compare 

to hypothetical lines indicating areas showing the intensity of energy consisting of the 

line of force of electric and magnetic or electric and magnetic fields.86-88 The Maxwell 

equation explained the electromagnetic fields. For the theory, the movement of electric 

charges produces magnetic fields. Furthermore, the theory predicts that when magnetic 
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field change, electric field is also changed.20, 89 Electromagnetic radiations will be created 

from an oscillation of charges. The radiation consists of wave of electric and magnetic 

wave that oscillate perpendicularly to one another. It can transverse the atmosphere while 

transmitting energy.20 Electromagnetic waves are categorized by their spectrum which is 

known as energy power of each frequency. The frequency is employed to describe the 

manner of the electromagnetic signal in term of how often the signal oscillates per second. 

Additionally, the unit of frequency called Hertz20, 88 The electromagnetic radiation used 

with smartphone are microwaves frequency of the electromagnetic spectrum with 

frequency ranging from 1-10 GHz as a specific group of radio frequencies (RF) ranging 

from 3 kHz to 300 GHz.86, 90 

 

 

Figure 1.2 Electromagnetic spectrum categorized by wavelength and frequency. 

Source: Study.com, website: http://studycom/academy/lesson/what-are-gamma-rays-

definition-examples-quizhtml, [cited 2014].  

2) Wireless telecommunication systems 

Smartphone is a communication device developed to have more working 

capacity that communication equipment is called “smartphones”.15-16 Smartphones have 

different characteristics from ordinary phones.  Also, it is similar to portable computers 

function on mobile phones15 with system software16, 91-93 capable of connecting the main 

capabilities of mobile phones and support applications or applied programs,94 install 

additional programs to increase phone capabilities, depend on the phone’s operating 

system. Furthermore, smartphones can connect with other devices while support 

multimedia files in various forms of mobile phone applications such as messages, images 
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and motion pictures, etc.16 Therefore, smartphones have met the online users’ social needs 

in the digital age with higher usage trends.91, 93  

Smartphone as the communication equipment connects or sends the signal to 

the destination through the communication network with main components95,96 consisting 

of the mobile phone called mobile units, the base station (BS) and the mobile 

telecommunications switching office (MTSO) with the following functions: 

2.1) Smartphones transmit microwaves from the antenna in smart- 

phones signals to the destination number via control channels to the BS and the BS sends 

requested signals to the MTSO to search and connect with the destination unit. However, 

if smartphones cannot find signal channels during communication, smartphones will 

show a “no service” message.13, 20, 96 

 

Figure 1.3 Wireless cellular communication. Source adapted from google 

2.2) Receiving smartphones send a response signal to the BS and transmit 

to the MTSO and create a communication channel that is a communication circuit for the 

caller and recipient. During conversations, the BS and the MTSO will connect signal 

channel for receiving and sending information.13, 20, 96 

2.3)  During conversations, if smartphones move from the original BS to 

other cell areas, the mobile phone will automatically switch to use the signal channels of 

the new BS without interrupt the conversation or dropping the call. This is called a “hand 

over”.19, 23 Base station coverage areas with sufficient signal transmitter-receivers during 

movement are needed to prevent communication problems.13, 20, 96 



 

8 

The wireless communication system consists of GSM (Global System for 

Mobile Communications),20, 95, 96 for example, Frequency Division Multiple Access 

(FDMA) The TDMA and Universal Mobile Telecommunications System (UMTS).20, 95, 97 

3) Measurement of electromagnetic energy from smartphones enters the 

human body. 

 3.1) Specific absorption rate (SAR) 

 Measurement of exposure toward electromagnetic energy with health 

impacts is difficult and vague. Most quantified exposure levels is popularly described the 

energy defined by FCC in the form of SAR in human heads.17, 89, 99 The study conducted 

by Cadis et al.100 calculated Cumulative Specific Energy (CSE) with units in Jules per 

kilogram (J/kg) by calculating the total sum of SAR with cumulative time of mobile 

phone use. Therefore, cumulative SAR distribution in brain tissues is the level of 

cumulative exposure time to mobile phone use in a lifetime with chronic health impacts 

such as tumors.101 

Specific Absorption Rate is a measurement of dose rates for 

electromagnetic energy absorption (dW) per body mass (dm) at the specified volume (dV) 

of density (ρ)102 or equal to the rate of electromagnetic energy emitted from antennas to 

the head or other parts of the body.102, 103 SAR is usually calculated in the frequency 

ranges of 100 MHz and up.18 SAR related to increase in temperature with units being 

absorbed energy/mass such as Watt per gram (w/1g) or Watt per gram (W/10g).102 SAR 

at 4W/kg increases temperature by 1ºc.104 

Gogineni calculated SAR in human heads with different values based on 

brain area. The occipital region has been found to have the highest special peak SAR (1g) 

at 1.86mW/kg, 0.668mW/kg at the parietal area and 0.251mW/kg at the frontal area. Use 

of telephones in talking mode has more output power than the standby mode with the 

differences based on electromagnetic wave frequency on Table 1.1. Use of telephones in 

talking mode has higher SAR than every frequency.20  
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Table 1.1 Special peak average SAR categorized according to mode of phone use and 

 frequency20 

Frequency 

(MHz) 

Talking Mode(200mW) Standby Mode(20mW) 

Spatial Peak 

Average 

(1g)(W/kg) 

Spatial peak 

Average 

(10gW/kg) 

Spatial Peak 

Average 

(1g)(W/kg) 

Spatial peak 

Average 

(10g)(W/kg) 

900   0.0825 0.0476 0.00825 0.00476 

1800 0.177 0.141 0.0177 0.0141 

2200  0.311 0.229 0.0311 0.0229 

Source: Adapted from Gogneni, thesis 2012, p. 51-52. 

 

In the area of standard values of limiting exposure to electromagnetic fields, 

international organizations in the area of electromagnetic fields are aware of health 

impacts and, therefore, specified standards and regulations to limit exposure to 

electromagnetic waves, create safety and comply with precautionary protection principles 

by limiting electromagnetic radiation from various devices not exceed standard criteria. 

Each organization has different standard values according toTable 1.2.22 Furthermore, the 

American National Standards Institute/Institute of Electrical and Electronics 

Engineers (ANSI/IEEE) defined time to expose at a mean of 30 minutes while other 

organizations specified exposure times at only six minutes.22 Member countries without 

regulatory standards use limitations in line with the International Commission on Non-

Ionizing Radiation Protection (ICNIRP) guideline. 

 

Table 1.2 Public SAR standard values and functions according to international        

 Organizations22 

Standard Local SAR in head (W/kg) 

Public Occupational 

ARPANSA 2 10 

Safety Code 1.6 8 

ICNIRP 2 10 

FCC 1.6 8 

NRPB 10 10 

ANSI/IEEE 1.6 8 

Source: Lu Y, Huang Y 2012, p. 1. 
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3.2) Smartphone output power  

Specific absorption rates in head tissues of smartphone users relate to the 

process of causing heat from electromagnetic energy to tissues.38, 101 Specific absorption 

rates are calculated by using maximum output power of smartphones. Smartphone output 

power directly relates to exposure.100 Therefore, 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,17-18 which depends on the duration of 

smartphone use.18 Therefore, time of repeated exposure is an important variable for 

estimating exposure to electromagnetic energy17 and related to the amount of energy 

absorbed in tissues.17, 19 Assessment of individual exposure to electromagnetic energy is 

important for epidemiological study to be reference data and generalize to the population 

at risk.99 

The smartphones have different output power in accordance with the 

production standards regulated and safety systems. The BS has a power control system to 

minimize the output power of mobile phones with good signal reception101, 105-106 by 

modifying the system to control signal strength in the area105 depending on network 

efficiency or capacity. Therefore, output power from smartphones changes according to 

conversation time.18, 107 

3.2.1)  Factors related to output power from smartphone  

(1)  The power control system modifies mobile phone output 

power based on signal strength in the area.108 Power control involves 15 steps. Each step 

reduces output power by two decibels (dB) per time according to the European 

Telecommunications Standards Institute.17,19, 99,105, 108 

 GSM 900 from 33 to 5dBm 

 DSC 1800 from 30 to 2dBm 

For conversations near the base station (BS), output power from 

smartphone is low ( GSM 13dBm; 0.02W and 5dBm; 0.003W) while maximum output 

power is 2W.105-106 The power of control system modifies output power from smartphones 

down to 1mW during conversations.99 Therefore, smartphone output power based on 

duration of smartphone use and power control systems. 

(2 )   Hand-overs are changes in the signal channels of the BS 

because of movement during conversations.19 For hand overs, smartphones will use 
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maximum output power for starting connection. Therefore, handovers increase mean 

output power of smartphone.17, 106, 108 

(3) The density of base stations in rural areas is low because the 

distance between base stations is so long as the output power strength in rural will be 

higher than urban.17, 19, 99, 105, 108  

(4) Telecommunication system, for example 1800 and UMTS 

presented by figure 4, The UMTS is the lowest output power and out of  fashion.19, 99, 101, 107-108 

 The potential relevant factor of the smartphone output power consisted 

of the power control system depending on operator networks, wave frequency and signal 

strength related to base station density, distance from the base station and population 

density. Furthermore, output power in each country is different.17 The rural areas in the 

United Kingdom, output power has been found at 2W nearly the entire time when 

smartphones are used while output power at 2W less than 70% of time used in Sweden. 

3.2.2)  Output power measuring method 

(1) Measuring instruments 

(1.1 )   Output power is measured by using a test mobile 

system (TEMS). TEMS is a computer program modified to measure smartphone power 

emissions (TXPOWER) and record information of mobile phone use between the base 

stations to provide data and cumulative distribution.106 

(1.2) SYNEHA2 (System Network and Handset Analyzer 

Version2) is a standard tool for measuring real time output power19,109 but it required 

many tools to measure the large samples.19 

(2) Software or commands in the system 

(2.1) The Telia software99 of the GSM network is a 

software used by operator network to record distribution of output power levels connected 

to smartphones and mobile traffic recording,17 especially in the GSM system. 

(2.2) Software in smartphone is linked to computers and 

used to monitor networks, assessed signal strength and sent information on smartphones 

output power to linked computers.105 

(2.3) Software modified phones (SMP) is a smartphone 

with modified software or command sets of recording data of addresses and can be used 

normally. Command sets record dates, times and length of each conversation in addition 
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to record frequency and output power levels.19, 108 The method is convenient and easy for 

exposing the assessment of electromagnetic energy. The study conducted by Kelsh (2011) 

found data from SMP related to Gold Standard SYNEHA.19, 101 Later on, hardware 

modified phones were developed with additional smartphone device modifications 

enabling phones to record changes of angles in smartphone use and power control levels 

to provide data for more accurate SAR analysis.110 

3.2.3) Output power calculation 

Most studies of output level measurements calculated output power in 

many ways according to research objectives. Most of the aforementioned studies have 

been aimed to study the factors influencing mobile phone output levels with the following 

calculations: 

(1) In the area of mean output power per telephone conversation, 

Vrijheid et al.108 calculated the mean power per telephone conversation and compared to 

each group of time spent on telephone conversation, in addition to compare output power 

to studied factors.18-19, 106 

(2) Time percent of maximum output per call was calculated in 

terms of percent of time with maximum output of each call found by Vrijheid et al.108  

and Wiart et al.106 This resulted in hand-overs and comparison between areas or activities 

between telephone use.17 

(3) Level of crossing rate is the level of signals exceeding 

specified levels per time unit and average duration fading, also a consideration of mean 

time with power higher than specifications. Therefore, mentioned measurement relates to 

communication engineering found in the study conducted by Vrijheid et al.108 

Epidemiological studies relate to smartphone use mostly assessing 

exposure roughly by using questionnaires and interviews relate to time and frequency of 

smartphone use. Lack of exposure assessment indicates the quantity of electromagnetic 

energy in individual exposure. Accurate exposure assessment is important 

epidemiological studies to study the relationship between quantity of exposure and health 

impacts (dose-response) in addition to expose assessment accurately to prevent bias and 

misclassification.110 Measurement of specific absorption rate is an assessment under the 

maximum exposure in order to guarantee safety in contacting electromagnetic energy 

emitted from smartphone use. Furthermore, SAR assessment must use expertise, complex 
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and time-consuming methods that cannot be measured or calculated by using normal 

instruments or laboratory examinations.111 In real situations, normal use of smartphone 

does not result in maximum exposure with output power at all times. Therefore, exposure 

assessment with electromagnetic energy from mobile phones must be made from output 

power of mobile phones according to time when mobile phones used and factors related 

to mobile phone output power in the areas of networks, wave frequency, phone model, 

signal strength and handover, all are data on the truth quantity of exposure with 

electromagnetic energy.19 

4) Research on output power from smartphone 

4.1) Lonn et al.99 found rural areas to have maximum output power at 

2W with a frequency of 900 MHz or 50% of smartphone time at the lowest power. Urban 

areas used maximum output at 25% and minimum output at 22% and output power was 

lower in daytime. 

4.2) d’Amor et al.18 measured electric field at 2 volts per meter (V/m) 

and found output power at 2mW while electric fields changed to 0.001 volts per meter 

(V/M)  can increased output power by more than 100 times. 

4.3) Hillert et al.17 found that high mobile phone output power was 

more frequent in rural areas whereas the other factors (length of call, moving/stationary, 

indoor/outdoor were less importance.  

4.4) Nikolay et al.105 found smartphone user hand and head positions 

to increased smartphone output power by 12-14dBm in men and 10-12dBm in women 

because head and hand positions cause signal strength to change. 

4.5) Kelsh et al.19 revealed that phone technology and, to a lesser 

extent, degree of urbanization were two times stronger influences on smartphone signal.  

1.4.2 Electromagnetic radiation emissions from smartphone and biological 

impacts. 

Electromagnetic radiation is divided into two groups consisting of ionizing and non-

ionizing radiation with different processes causing impacts on the body as follows: 

1) Ionizing radiation such as x-ray or gamma radiation has sufficient energy 

to pull electrons from atoms or connecting molecules, causing biological tissue damaged 

including changes in DNA. 
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2) Non-ionizing radiation such as electromagnetic radiation from radio 

frequencies, microwave frequencies, UV lights, etc., have insufficient energy to pull 

electrons from atoms and molecules while have sufficient energy to excite electrons. 

 Microwave Frequency Radiation (MFR) used with smartphones are  non-

ionizing radiation with two biological effects, namely, thermal effects and non-thermal 

effects.20, 21 

2.1) Thermal effects are caused by increasing heat, especially exposure 

to high quantity of MFR radiation. Energy has absorbed into biological tissue, a 

component of water, will be converted into thermal energy then thermal will increase112 

quickly and reach over one degree Celsius because biological heat control systems cannot 

reduce internal body heat to a balanced level, causing tissue damage during MFR 

exposure. Heat distribution is not directly related to SAR distribution44 but also involves 

heat increasing in the biological tissues.27 

2.2) Non-thermal effects are caused by exposure with electromagnetic 

energy which is an insufficient energy for inducing temperature control systems in the 

body to increase heat or temperature.113 The body humans have internal control which 

function under electrical processes that are interfered from electromagnetic waves.21  

Electromagnetic waves lead to changes of cells at the molecular level or tissue level 

causing chemical and biological changes in cells,27 including structure and functions in 

cells.27 Furthermore, skin tissues have a circuit characteristic. When encountering high 

frequency electricity, skin tissues of nerves in the brain will be excited.27 However, non-

thermal effects continue to have unclear data and arguments.21-23, 27 Non-thermal effects 

usually have exposed with electromagnetic energy of intensity below 10 µW/cm2 with 

long time expose.114 

Smartphone are sources of electromagnetic energy used most closely to the 

head, even though electromagnetic emissions are below the highest specified standard 

value.22-24 Even with nervous systems in the human, which are electrical tissues and 

unstable, contact with low-intensity electromagnetic energy can excite or induce changes 

to nervous system functions.25-26 
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 1.4.3 Biological impacts on the nervous system 

 Nervous systems are electrical organs. Therefore, exposure of electromagnetic 

energy usually leads to nervous system changes63 with the following potential 

neurological impacts on the nervous system: 

1) Impacts on the Blood-Brain Barrier (BBB). BBB is a part separating blood 

circulation from fluids outside brain cells115 and functions to prevent the spread of 

hazardous molecules in the central nervous system. Most studies have found absorption 

of large amounts of high-intensity electro-magnetic energy by experimenting in 

experimental animals at intensity levels of 3-30W/cm2 have created heat and increased 

brain temperature by 43°c. Higher heat is a significant factor causing BBB to allow 

increasing in absorption,116 leads to cerebral edema, abnormal pressure in the brain, and 

brain damage.25, 116 However, Frey et al. found higher fluorescent in the brains of 

experimental rats injected with dyes in the blood by using low-intensity electromagnetic 

energy at the frequency of 1,200 MHz and an intensity of 0.2mW/cm2. The present study 

results differed from an experiment carried out by Merritt et al.25,116 and Okonigene114 

which proposed that the thermal effects might be caused by hot spots in the brain, even 

though total energy from mobile phones was not high. Frey indicated that BBB 

deterioration might be related to headache.25 

2) Effects on the cellular structure of the brain, MFR will trigger changes to 

central nervous system structure. This is usually found from exposure to high-intensity 

energy over extended periods. Reports of swelling and wounds of the head and cell death 

in pig brains which have been in contact with MFR at a frequency of 3,000MHz and an 

intensity of 25mW/cm2 for three hours related to the causes of cancer,116 effects on anti-

oxidant concentrations in cells, anti-oxidant molecules, atoms, or ions with unpaired 

valence electrons.24 When antioxidant metabolism processes are disturbed, the amount of 

anti-oxidants become excessive, resulting in oxidative stress will lead to cellular structure 

changes, and cause differences in genes, finally to mutation and apoptosis.24 

3) Effects on electroencephalography (EEG). EEG is a method used for 

measuring brain’s electrical changes directly from the skull117, 118 by examining responses 

of the brain to various triggers, using the method of recording electrical signals shown as 

brainwaves.118 Studies on EEG changes have found inconsistent experiments in 

experimental animals reporting contact with MFR at an intensity of 7mW/cm2 for 200 
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hours. In experimental rabbits, they have found desynchronized EEG after using 

phenobarbital.57 Most studies have found changes with higher alpha  (8-12Hz) waves in 

the occipital area after contacting with electromagnetic energy in the first minute.117,63 In 

2010, Croft found EEG response only in 2G systems without discovering in 3G systems. 

Leung et al. found changes to both systems. Lustenberger    et al. found more slow-waves 

in the brain during contact with MFR, which related to the final stage of the sleep cycle. 

Furthermore, Bak et al. and Maganioti et al.63 found electrical changes with the perceptive 

and memory nerve cells after contact with MFR from mobile phones.63 Significant 

research findings revealed reactions to signals from the epileptic foci in the brains of 

patients with seizures by Tombini et al. and Vechhio et al.24 Furthermore, the use of low 

frequencies such as flash lights (15Hz) could also excite symptoms among patients with 

epilepsy caused by frequencies matching excited brainwaves.21 However, other studies 

revealed no changes in EEG that was due to contact with electromagnetic energy.  

4) Concerning the effects on cell membranes, cell membranes are strong 

layers of electrodes held by large and complex molecules. The molecules will create 

vibrations only in the areas of conflict between the positive and negative charges, causing 

electrode oscillation with a frequency of 1011-1012 times/minute and a speed in cell 

membranes of 105-106 centimeters/minute. The experimental contact of MFR on the cell 

membranes usually shows the allowance of cell membranes to increases absorption of 

sodium and potassium ions. Liburdy (1985) studied the rabbits which were in contact 

with MFR at 2,450MHz and a density of 400mW/g and found Na to increase then returned 

to normal in 60 minutes.119 However, experiments using dyes in living subjects returned 

to normal in two hours.24 

5) Regarding the effects on control systems inside the cells, most studies have 

been interested in the effects of electromagnetic energy to gene displays, especially the 

protein changes in gene coding. However, most studies remain unclear. Interestingly, 

electro-magnetic energy has impacts on calcium concentrations which send information 

inside the cells. Chronic contact with electromagnetic energy have separated calcium ions 

from cell membranes into the cytosol, which is the liquid inside the cells and relates to 

gather of chromatin that has effects on genes.24 

6) Concerning the effects of neurotransmitter functions. Neurotransmitters 

are chemicals with the duty to lead, expand, and control information along electrical 
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signals from one nerve cell to another.63 Each neurotransmitter has different biochemical 

mechanisms, based on the type of neurotransmitter in the brain. Most studies have been 

interested in changes of neurotransmitters resulting from contact with high intensity MFR 

such as catecholamines, serotonin, and acetylcholine. Responses of nervous systems from 

MFR contact are different depending on the time of each contact, number of contacts, and 

part of the contacted brain.116, 120 MFR has been found to have effects on 

neurotransmitters, creating changes in calcium ion concentrations and disturbance to 

neurotransmitter secretions and receptors, etc.116 

The studies of the biological effects of microwave frequency radiation (MFR) are 

usually interested in the effects which induce higher temperatures in human heads, impact 

on the central nervous system,100 while MFR from smartphones are insufficient 

electromagnetic energy for increasing body temperature.22 The brain is a system which 

controls body functions with a system similar to electricity.63, 69 It is also in unstable 

condition. Electromagnetic energy may cause non-thermal effects by changing 

biochemical reactions that will cause changes in molecular or cellular dispersion and 

shape, ion transmission, and changes to protein creation by showing pathologies of 

various diseases; such as increasing absorption of BBB or changes caused by endogenous 

opioid stimulation, etc., These are factors of symptoms and behaviors that are problems 

of nervous systems caused by smartphones use.28 Medicine in the Soviet Union and 

Poland designated symptoms caused by exposure with microwaves as “Microwave 

Sickness Syndrome”, consisting of weakness, skin symptoms, rashes, headache, 

insomnia, changes to blood pressure, tumors, impotence and memory deterioration. 

Headache, in particular, were most encountered.24 Furthermore, studies of dopamine-

opiates related to headache25 have been shown that exposure with MFR at low intensity 

can prevent apomorphine secretion in the opiate system.121 Furthermore, headache has 

related to MFR contact with the dopamine-opiate system of the brain and able to pass 

through the cell membrane. Both issues are connected to headache.21 

 

1.4.4 Theory and literature review for headache 

Headache is the most prevalent among neurological abnormalities and constitutes 

a global health issue in addition to be classified as the seventh most incapacitating disease. 

The study conducted by Lewis in 2007 found headaches at 57-82%.34 According to the 
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Global Year against Headaches 2012 project, headache prevalence was found at 50%.33 

The systematic review conducted by Wöber-Bingöl in 2013 found headache prevalence 

at a mean of 54.4% (95% CI 43.1-65.8).37 Straube and colleagues in 2013 found headache 

prevalence at 66-71%.122 Sweden found headache prevalence at 64.9% with migraines 

and possible migraines encountered at 24.9%. The tension type headache (TTH) and 

possible TTH were encountered at 37.6%. Unclassified headaches were encountered at 

31.2%.123 Taiwan (2010) found very high prevalence at 86.6%.46 The study conducted in 

2014 by Wöber-Bingöl and colleagues found headache prevalence at 89.3%.124 

Differences in headache prevalence has relied on the characteristics of the studied groups 

such as age, gender, ethnicity, economic status, genetic factors, food consumption 

characteristics, area geographic characteristics, air, and diagnosis of headache, which may 

be caused by factors or additional stimuli in daily life,125-127 including methods for 

studying and analyzing headache.128 Headache has been found in children more than 

adults. Prevalence of headache was found at 3-8% in preschool-aged children, 37-51% in 

elementary school children, and 57-82% in high school students.34 The Global Campaign 

to Reduce the Burden of Headache Worldwide (2007) found migraine and TTH 

prevalence at 11% and 42%.129 In the meantime, the World Health Organization (WHO) 

has reported from the Atlas of Headache Disorders and Resources in the world of 2011 

found headache among adults (aged 18–65 years) in Asian countries to have the highest 

prevalence (63.9%). European countries had the highest percent for migraines and TTH 

(14.9% and 80%).130 While studies in adolescents in 2014 found that migraines had 

increased to 19.3-39.3% and TTH has been found at 17.9-37.9%.40,131-132 Headache in 

pre-adolescence has been found in males rather than females while, in early adolescence, 

were found in more girls than boys.34,133 Headache in adults has been found at 47-50% 

while migraines were found at 10-18%.33,47 The WHO found the world’s adult population 

(1.7-4%) affected by headache more than or equal to 15 days in every month.47 Students 

would have headache which led to cessation of studying, unable to participate in activities 

(20.7-68.0%), reduced capabilities, suffering, and lack of quality of life.44, 46-47, 125, 134 

Burdens from headaches can be considered a disability of 1.3 years from years lived with 

disability (YLD) and rank 19th among disability-adjusted life years (DALY).35, 134 

Therefore, management of risk factors controlling, lifestyles, and environment in order to 

prevent headaches35 and enable persons with headache to adjust to the illness and co-
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morbidities of headache such as depression encountered in three times the population 

with migraines, etc.47 

Headache is a pain which has sent from the deep parts in the brain to the brain 

surface. Therefore, an understanding of the body’s pain mechanism is required in order 

to explain headache mechanisms. 

1) Pain mechanism 

The pain mechanisms in the body occur when tissues are destroyed, it also 

serves as a preventive system to excite or remind the body to perceive and stay away from 

pain stimuli.32 However, many persons have displayed pain symptoms without tissue loss 

or pathologies causing pain, which usually psychological causes.135 Pain is divided into 

two types consisting of fast and slow pain. Fast pain is felt within 0.1 seconds while slow 

pain is felt in one second and more after stimulation. Pain receptors are free nerve endings 

with functions to receive pain. Nerve endings are found in the skin and other tissues 

throughout the body. Deep tissues will have few nerve endings, thereby causing slow 

pain. 

There are three main types of pain receptor stimuli32 as follows: 

1) Mechanical pain stimuli respond to mechanical damage such as being cut 

by sharp objects, etc. 

2) Thermal pain stimuli cause the skin to respond to extreme temperatures, 

especially extreme heat. Pain is perceived when the skin receives heat at more than 45°c. 

3) Chemical pain stimuli are chemicals caused by secretion in the body such 

as bradykinin, serotonin, histamine, potassium ions, acid, acetylcholine, and 

proteolyticenzymes. Furthermore, prostaglandins and Substance P increase nerve ending 

sensitivity without directly stimulating nerve endings. 

 

Mechanical and thermal stimuli cause fast pain and deliver signals from 

receptors via A-delta afferent fiber into spinal cord and to the brainstem and the thalamus, 

while chemical pain stimuli cause slow pain with C-fiber taking signals from receptors 

into spinal marrow and to the brainstem and the thalamus.32 

1.1) The brain’s dopamine-opiate system 

The dopamine-opiate system is used by the body to suppress pain with 

opioid receptors. Opioid receptors are naturally secreted neurotransmitters in the brain 

with effects similar to opium. Opioid receptors are neuropeptides with the key 
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components consisting of beta-endorphins, met-enkephalin, leu-ekephalin, and 

dynorphone. Both types of enkephalins are found at the brainstem and spinal cord. Beta-

endorphins are found in the hypothalamus and the pituitary gland, while dynorphins are 

found in the brainstem and spinal cord at much lower amounts compare to encephalin.136 

 

 

 

Figure 1.4 Pain suppression system.  

Source:  Arthur C. The Nervous System: textbook, 2006 p.602. 

1.2) Headache according to pain stimuli 

Headache is pain caused by deep structures in the brain. Slow pain has 

been caused from the following stimulation inside and outside of the skull: 

1.2.1) In the area of headache from stimulation in the skull,32 

most brain tissues are not sensitive to pain. However, venous sinus stimulation or 

stimulation of blood vessels in the dura area, especially at the base of the brain, by 

stretching or damaging during accidents, will cause blood vessels to be stretched, pressed 

and cause significant headaches, etc. 

1.2.2) Headache in the skull or referred pain32 

(1) Nerve stimulation above the tentorium such as 

inflammation or stimulation of nerves in the brain, especially the trigeminal nerve, causes 

feelings of pain transmitted from the face, etc. 

The pain suppression system functions by 

sending pain control signals from the cortex 

and the hypothalamus. Most nerve fibers 

came from the periventricular nuclei and the 

periaqueductal gray, which can stimulate 

enkephalin secretion and send encephalin to 

the raphe magnus nucleus, there it triggers 

and releases encephalin. Nerve fibers in this 

area will send signals to the dorsal area of 

spinal cord in order to stimulate serotonin and 

enkephalin secretion at spinal cord. 

Enkephalin suppresses pain nerve fiber entry 

with the ability to block initial pain signals in 

the spinal cord.32 
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(2) Occipital nerve stimulation under the tentorium enters 

the central nervous system through glossopharyngeal nerve, vagal nerve, and cervical 

nerves at the upper brain, behind and under the ears, causing headaches to be referred to 

the occipital area. 

 

Figure 1.5 Areas with headache from various causes.  

Source: Arthur C. The  Nervous System: textbook, 2006 p. 606. 

2)  Types of headache 

2.1)  Types of headache from causes in the skull32 

2.1.1)  Headache from meningitis include the dura and the sinus 

area, which is especially sensitive. This inflammation causes severe headaches covering 

the entire head. 

2.1.2) Headache caused by low spinal fluid pressure. Reductions 

of spinal fluid by only 20 millimeters from the spinal cavity causes severe headaches in 

the skull, causing changes to brain weight and changing the shape of the dura surface and 

ultimately causing headache. 

2.1.3) Migraine headache are a special form of headache caused 

by vascular abnormalities. Mechanisms for this type of headache are not clearly known 

and usually begin with dizziness, blurred vision, and other symptoms which usually begin 

and continue up to 30 minutes to one hour after headache. Many theories which explained 

migraine headache are stress, meninges pressure, vascular contraction, and genetic 

defects, etc. Furthermore, migraine incidence has been found in families with history of 

migraines (65-90%) with the prevalence of female two times higher than male. 
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2.1.4)  Headache caused by alcohol consumption are usually 

caused after liquor consumption because alcohol is toxic to the tissues in the body, 

causing irritation to meninges and pain in the skull. 

2.1.5) Regarding headache caused by constipation, persons with 

headache from constipation are among patients whose sensory nerve channels relate to 

pain at the spinal cord have been cut, caused by toxin absorption, or changes to blood 

circulation, causing loss of intestinal fluid. 

2.2)  Types of headache caused by factors outside the skull32 

2.2.1) Headache caused by stress results in muscle contraction, 

especially the muscles which connected to the skull and the neck muscles attached to the 

occiput. Stress is a frequent cause of headache. 

2.2.2)  Headache caused by nasal irritations and parts of the nose. 

Nasal mucous and cavities are sensitive to pain but not very severe. Most infections or 

irritations in the nose structure cause headache behind the eyes. In cases of frontal sinus 

infections, patients will have headache at the surface of the forehead and the skull. Pain 

from lower sinuses such as the maxillary sinus, occur at the face. 

2.2.3) Headache caused by eye abnormalities causes difficulty in 

focusing eyesight and ciliary muscle contraction with retro-orbital headaches. 

2.2.4)  Eye irritation from excessive amounts of UV light by 

looking at the sun or the light caused by welding for 2-3 seconds can cause headache for 

24-48 hours. Receiving radiation can cause photo-chemicals injury of the conjunctiva. 

Pain occurs in the skin of the head or the retro-orbital area. Heavy focus of welding or 

sunlight on the retinas will cause burns at the retinas and headache. 

The International Headache Society (IHS) classified headache and 

determined an international classification of headache disorders (ICHD).137  In 2013, the 

International headache society modified the criteria up to edition 3 and classified 

headaches into three main groups as follows: 

1) Primary headache was not caused by diseases or complications without 

being able to identify the true causes of headache. The etiology of primary headache 

related to blood circulation, neurotransmitters, and cranial nerves. Primary headache was 

divided into the following groups: 
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1.1) Migraine was the third most prevalent headache137 and the 

seventh most encountered abnormality of the global level. Migraines are headache with 

significant impacts on population disability82 and usually found among early adolescents 

and adults whose ages between 35-45 years. Migraine prevalence among children is at             

4-10%34 which causes from the stimulation deep in the brain lead to inflammation and 

pain around nerves and blood vessels in the brain. Migraines are divided into two main 

groups consisting of:137 

1.1.1) Migraines with aura 

1.1.2) Migraines without aura 

Migraines are usually repetitive, frequent, and determined by the following symptoms 

before occurring of headaches: 47   

1) Moderate severity 

2) Nausea 

3) One-sided and rhythmic pain 

4) Stimulated by physical movement 

5) Long duration of symptoms, hours to 2-3 days 

6) Symptom frequency from once per year to once per 

week Migraines in children trend to shorter duration and clear gastrointestinal symptoms. 

Migraines are hypothesized into two stages in the incident process: 

Stage 1 is caused by artery contraction, causing lower blood circulation 

in the skull, leading to ischemia that usually begins from the rear and spreads to the front 

of the skull, thereby results in auras.137 

Stage 2 is caused by artery dilatation outside the skull then leads to 

rhythmic pain. Ergotamine has been found to cause vascular contraction and temporarily 

reduced the rhythmic arterial throbbing, thereby reduced headache. Furthermore, the use 

of pressure at the carotid artery on the same side as migraines has also been found to 

reduce pain. 

1.3) Tension-type headache is the most frequently encountered type 

of headache in the headache group and found in 30-78%137 of the population. TTH has 

usually found more frequent in girls entering adolescence than boys with a ratio of 2:1. 

TTH has significant social and economic impacts. TTH’s causes related to stress or 

muscle and bone problems in the neck. TTH has pressing pain or cause tightness as 
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though patients are being squeezed around the head with occasional pain at the neck. TTH 

usually lasts for 2-3 days or several days47 and TTH is different from migraine headache. 

TTH occurs in four stages according to muscular contraction as follows: 

Stage 1: During stressful situations, peripheral muscles of the skull will 

contract. 

Stage 2: Muscle contraction over extended periods of time reduces 

blood flow of the supporting muscles. 

Stage 3: Ischemia 

Stage 4: Ischemic muscles lead to headache from muscle contractions. 

Infrequent TTH is usually caused by nerve ending stimulation, while chronic 

headache is usually caused by central nerves. Muscle pains are usually found at the head, 

face, neck, and back as presenting symptoms of headaches detected by feeling while 

turning. 

1.4) Cluster headache occurs on a single side of the head with eye 

pains, red eyes, tears, and obstructed nasal passages. Few patients have been found with 

drooping eyelids (0.1%). Cluster headache has been found in patients aged 20 years and 

above, and in women at a ratio of 1:6 compare to men.47 

2)  Secondary headache is caused by other diseases. Headache severity 

depends on the causes such as:137 

2.1)  Accidents, injuries, or surgery in the head or neck areas 

2.2)  Abnormalities of the blood vessels in the brain or the spinal cord; 

such as stroke, vasculitis, and cerebral hemorrhaging, etc 

2.1) Abnormalities in the brain such as higher intracranial pressure, 

brain tumors, cerebral cancer, and epilepsy, etc 

2.2) Substances in the body and lack of substances; such as food, 

nutrients, narcotic substances, cocaine, liquor, or chronic overdoses of pain medication 

for headaches such as ergotamine, triptan, paracetamol and various pain relieving 

medications. Chronic headache from medication overdoses has been found more than 5% 

of the population and more in women than men.47 Causes also include abstinence from 

medications or caffeine. 

2.3) Infections such as infections of the cell membranes, brain tissue, 

and brain abscess, and infections that spread throughout the body, etc. 
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2.4) Impaired homeostasis issues; such as lack of oxygen, high 

altitude, diving into deep water, heart disease, hypertension, pre-eclampsia or eclampsia, 

dialysis, and fasting, etc. 

2.5) Headache or facial pain occurs from abnormalities of the skull, 

neck, eyes, ears, nose, sinuses, teeth, mouth, or other parts of the body such as sinusitis, 

teeth, and gum abnormalities, dislocation of the jaw, cavities, strabismus, and glaucoma, 

etc. 

2.6) Psychiatric disorders 

3) Neuralgias and other headache such as trigeminal neuralgia, etc., which 

is usually chronic, one-sided headaches with moderate severity and facial pain caused by 

blood vessels pressing nerves. 

Headache is divided based on acute and chronic types of symptoms. Chronic 

migraines occur at the frequency of more than or equal to 15 days per month for more 

than three months. Children with migraines usually have migraines once a week or day 

(3-15%), while chronic TTHs occur at the frequency of more than 15 days per month for 

at least three months. Children with at least one headache per month have been found at 

9-33%.138 Most causes of chronic headache are from medication overdose.137 

Therefore, most headache has been caused by nerves which received pain 

signals from head and neck, stimulated by various causes, and the nerves that received 

pain while send feelings to the center of the brain with responses shown as headache. 

Furthermore, headache related to chronic nervous system abnormalities has usually the 

following            co-morbidities:139  

1) Headache from cerebral abnormalities including ataxia, nystagmus, and 

vibration.  

2) Patients with intracranial pressure abnormalities are found with swollen 

discs, vomiting at night and in the morning, and large head size. 3) Patients with local 

nervous system abnormalities will begin to have double vision, local seizures, changes in 

personality, and lower educational achievements. 

3)   Headache factors and triggers in children34, 140-141 

 Headache factors and triggers in children are as follows: 

3.1) The medical migraines records of the parents relate to headache 

in children.142 
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3.2) Gender and age factors.53 Higher frequency has been found in 

females than males.35, 142 Headache etiology usually relates to estrogen and 

progesterone141 preceding menstruation, causing headaches and migraines. Furthermore, 

gender and age also relate to sleep quality according to age and gender, especially males 

being found with these causes more than females.55 

3.3) Exercises and sports are also considered as one of the factors. 

Headache is more frequently found among the groups that exercise (OR 1.17; 95% CI 

1.00-1.37).140 

3.4) Coughing, sneezing, blowing air with force, and sexual 

intercourse. 

3.5) Constipation and dehydration, based on the definition offered by 

the World Gastroenterology Organization Practice Guidelines.143 Children with 

migraines are found to relate to constipation, which is usually a result of stress, 

depression, and anxiety.144 

3.6) Sleep problems and sleep deprivation (OR 2.03; 95% CI 1.6-

2.5)140 are considered as the problems of the quality of sleep145 and the factors of 

triggering migraines.42, 44, 142 Sleep walking prevalence has been found in the children 

with migraines at 30-55%. Sleep is able to ease headache, while headache is a cause of 

sleep disturbance.42 

3.7) Food and ingredients such as monosodium glutamate and 

chocolate, etc. Furthermore, patients who do not eat regularly will have more headache 

than patients who eat regularly (OR 1.2; 95% CI 1.08-1.33). 140 

3.8) Beverages such as alcoholic beverages have dilated blood 

vessels71,141 with histamine and prostaglandin secretion that can stimulating migraines.141 

Beverages with caffeine will cause headaches (60%) with minor severity.146 Furthermore, 

abstinence from caffeine has caused headache based on    ICHD-3 beta diagnostic criteria. 

3.9) Environmental factors such as odors, loud noises, bright lights, 

and hot air, etc. 

3.10) Co-morbidities of headache in ordinary children and 

adolescents.42, 147 Headaches, especially migraines, are usually accompanied with other 

symptoms of illness such as hypertension, stroke, heart disease, asthma and obesity. 
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3.10.1) Headache among children with hypertension is found at a 

prevalence of 1-2%.148 Use of beta-blockers or vasoconstrictor agents has been found to 

reduce migraine severity at 45%.149 Furthermore, the use of dipyridamole, as a treatment 

of cerebral thrombosis triggers headaches150 and cerebral thrombosis is a cause of 

headache specified in ICHD II criteria.149 

3.10.2) Muscle or joint pain causes headache (OR 1.9; 95% CI 1.6-

2.1).140 

3.10.3) Research findings from many studies have not confirmed the 

definite relationships between cardiovascular disease and headache. Most of the data 

found migraine to be one of the risk factors of cardiovascular disease.151 In 2004, 

headache caused by heart disease specified as a code for diagnosis in ICHD-II with a clear 

diagnostic criteria.152 Furthermore, medications used to treat coronary thrombosis were 

found to trigger headaches, such as nitrates, nicorandil, sildenafil, tadalafil, and vardenafil 

related to headache.153 

3.10.4) Headache found in epilepsy patients is defined as secondary 

headache in ICHD-3 beta headache diagnostic criteria. Migraine and tension-type 

headache prevalence in patients with epilepsy have been found at 82.1% and  9.2%.154-155 

Epilepsy in children is a risk factor of migraines at 4.5 times higher than TTH.154 

Furthermore, use of levetiracetam (LEV) has caused dizziness and headaches (1-1.4%).156 

3.10.5) Eyesight problems and headaches will have higher prevalence 

among patients with headaches, especially astigmatism in children who have received 

corrections for eyesight abnormalities, causing headache symptoms to improve with 38% 

of patients without repeated headaches.157 Eyesight abnormality problems usually relate 

to frontal headaches OR 1.429; 95% CI 1.130-0.806 and are astigmatism and 

farsightedness (63.6% and 27.27%).158 

3.10.6) Headache with other health problems such as asthma, ear 

infections, sinusitis, and mucositis has been found in children with headache   (41.6%).42, 147 

Children with headache will have health problems including difficulty breathing, ear 

infections, and high fevers at 13.6 times. Children with headache and at least one health 

problem have been found the prevalence at 41.6%.159 

3.10.7) Obesity has related to increase headache44 OR 2.62; 95% CI: 

1.07-6.45.141 Obese persons with body mass index (BMI) >30 will have five times higher 
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prevalence of headache among persons with normal weight.93 With increased in migraine 

severity among the groups of BMI >35 (OR1.9).160-161 

3.10.8) Headache from psychiatric problems has been determined 

according to ICHD-3 beta criteria such as anxiety, depression, being bullied, and panic. 

Patients with depression and anxiety will have 1.87–3 times higher risk of migraines than 

the general population.35, 42, 134, 140 Use of anti-depressants is able to reduce tension-type 

and migraine headache frequency. Moreover, children with significant psychiatric 

problems relate to headache such as attention-deficit or hyperactivity disorder usually 

have headache with Tourette syndrome,162 a neurodevelopmental disorder has been found 

in 1% of school-aged children. Migraine frequency in children with Tourette syndrome 

has four times higher. Headache and migraine prevalence in children with Tourette 

syndrome has been found to be 55% and 25%.42 Children with Tourette syndrome and 

ADHD usually have difficulty in learning (22.7%)163 with psychological abnormalities, 

following traumatic events such as violence, abuse, rape, abandonment, and domestic 

violence. All of the aforementioned factors have correlated with higher prevalence and 

frequency of chronic headache.164 

4)   Headache diagnosis 

Headache diagnosis in order to categorize or classify headaches, especially 

primary headache, is important for an appropriate and accurate treatment, along with 

overdose reduction.137 Doctors usually diagnose headache based on backgrounds, 

physical examinations, and laboratory blood tests. However, if patients have chronic 

pains, severe pains, or other abnormal symptoms such as nausea, vomiting, or limb 

weakness, etc., doctors will carry out further examinations such as eye examinations, 

nerve system examinations and x-ray computer, or MRI scans, including CSF tests when 

patients are suspected to have meningitis, etc. Criteria for diagnosing headache according 

to ICHD-3 beta are as follows.137 

4.1) Diagnostic criteria for migraines without auras:137 

A. At least five symptoms out of B-D 

B. Headache duration of 4-72 hours 

C. Headache characterized at least two out of following four: 

1. Pain locating on one side 

2. Rhythmic pain according to vital signs (throbbing) 
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3. Moderate to severe pain 

4. Symptom exacerbated by movement such as walking or 

walking up the stairs 

D. At least one of the following symptoms during headaches: 

1. Nausea and/or vomiting 

2. Fear of lights and sounds 

E.  No symptoms in other diagnostic criteria in ICHD-3 beta. 

Migraines in children and adolescents have usually manifested as pain on two 

sides with exhibition in the front temporal area. Migraine headache without aura usually 

related to menstruation. 

4.2) Diagnostic criteria for migraines with aura:137 

A.  At least five symptoms out of B-D 

B.  Auras returned to normal with one or more of the following 

symptoms: 

1. Seeing flashing lights 

2. Sensory disorders, such as feelings of being punctured 

by needles or numbness while moving slowly, on at least one side of the body, such as 

face or tongue 

3. Speech or language disorders found in few patients 

4. Abnormal weakness, especially paraplegia which is 

highly associated with migraines 

5. Brainstem abnormalities such as dysarthria, dizziness, 

vertigo, tinnitus, hypacusis, diplopia, ataxia, and reduced awareness 

6. Sight abnormalities such as scintillations or scotomata, 

including blindness found by visual field testing 

C.  At least one of the four pain characteristics: 

1. At least one or more of the aura symptoms 

2. Aura duration of 5–60 minutes 

3. At least one aura symptom located on the same side 

4. Aura symptom followed by headache within 60 minutes 

D. Symptoms cannot be grouped into other symptoms in   ICHD-

3 beta diagnostic criteria and other symptoms caused by temporary ischemia. 
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However, when patients have auras, patients must have maximum aura 

duration of 3-60 minutes. Weakness may occur for as long as 72 hours. Auras related to 

visibility most frequently encountered in over 90% of patients, followed by sensory 

impairments including numbness. The least frequently encountered aura is speech 

abnormalities found as language impairments, though it is difficult to categorize it 

4.3) Tension-type headache diagnostic criteria: 

A. Occasional headache has occurred at least ten times with a 

mean of no more than one day per month or less than twelve times per year. In most cases, 

headache occurs at least 1–14 days per month for more than three months. It is more than 

or equal to 12 times or less than 180 days per year, according to B-D. 

B. Symptom duration of 30 minutes to seven days. 

C. At least two of the following characteristics: 

1. Pain location on 2 sides 

2. Pain on both sides 

3. Pain’s characteristics similar to being pressed or 

squeezed, and not in rhythm with vital signs (throbbing) 

4. Low to moderate severity 

5. No symptom exacerbation from activities in daily life 

such as walking or walking up the stairs 

D. Both of the following symptoms: 

1. No nausea or vomiting 

2. Any of the following symptoms: Fear of lights, fear of 

sounds 

E. Unable to specify into other criteria in ICHD-3 beta. 

Migraine and TTHs should be recorded by using headache diaries to 

categorize or distinguish both types of headache. Chronic TTH include pain for at least 

15 days per month. 

4.4)  Diagnostic criteria for cluster headaches: 

A. At least five presenting symptoms according to criteria in B-D. 

B. Pain around or above the eye sockets or severe or extremely 

severe pain at one temple for 15-180 minutes. 

C. Any or both of the following symptoms: 
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1. Having symptoms or at least one presenting symptom 

on the same side as the headache: 

1.1 Red eyes and/or tears 

1.2 Obstructed nasal passages or mucus flows 

1.3 Swollen eyelids 

1.4 Sweating in the forehead and facial areas 

1.5 Red forehead and face 

1.6 Ringing ears 

1.7 Small pupils or droopy eyelids 

1.8 Discomfort or unease 

2. Discomfort or unease 

D. Frequent headache with symptoms day after day, before 

reaching eight times per day with symptoms will occur almost all the time. 

E. Unable to specify into other criteria in ICHD-3 

4.5)  Diagnostic criteria for ordinary secondary headache:137 

A. Headache according to criteria in C. 

B. Abnormalities confirmed with documents based on academic 

principles must be a cause of diagnosed headache. 

C. Causal relationship must be shown as at least two of the 

following: 

a. Headache occurring in temporal relation to time of 

beginning headaches and factors has believed to be the cause of abnormality. 

b. One of the two following causes: 

1.1 Headache increase with statistical significance 

when encountered with factors has believed to be the cause 

1.2 Headache improvement with statistical significance 

when the solution of the factors has believed to be the cause are made 

1.3 Headache with specific characteristics for the 

causes 

c. Academic information of causes 

D. Unable to specify into other criteria in ICHD-3 beta. 

 However, most headaches have no detected pathologies. Therefore, the key 



 

32 

of headache diagnosis has used the history of headache or headache diaries to provide 

details on headache and enable doctors to diagnose accurately. In 2011, the World Health 

Organization (WHO) organized The Lifting the Burden Project165-166 to lift headache 

burdens and enabled headache diagnosing criteria to be the same in every country. Hence, 

the World Health Organization prepared steps for diagnosis and classification of 

headaches according to Table 1.3 and 1.4.  

Table 1.3 Steps for categorizing migraine headaches 

Group Headache Characteristics First Scoring Second coring Total Score 

 1. Headache lasted less than 15 

days/month. 

   

B 2. Headache duration of 4 – 72 

hours (no less than four hours 

or no more than 72 hours). 

1  1 

C 3. Bad-Very bad feelings = 1 

4. Throbbing/Rhythmic pain = 1 

5. Pain on one side = 1 

6. Worsened symptoms during 

activities = 1 

3-6 together >2 = 1 

3-6 together <2 = 0 

 

 1 

0 

 

D 7. Nausea = 1 

8. Vomiting = 1 

7 – 8 is D1 

D1 together > 1 = 1 

D1 together = 0 = 0 

D1+ D2 ≥1=1 

D1+ D2  =0 = 0 

 

1 

0 

9. Fear of lights = 1 

10. Fear of sounds = 1 

9 – 10 is D2 

D1 together = 2 = 1 

D2 together <1 = 0 

  

 B+ C+ D = 3  Migraine 

B+ C+ D =2   Probable 

migraine 

B+ C+ D<2 Go to 

probable 

migraine 
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Table 1.4 Steps for classifying TTHs 

Group Pain Characteristics First Scoring Second 

Scoring 

Total Score 

 1. Headache duration of no more 

than one day/month or <12 

times per year. 

   

B Headache duration of 30 

minutes – seven days (no less 

than 30 minutes or no more 

than seven days). 

1  1 

C 3. Not bad and bad feelings = 1 

4. Tight and tense pain = 1 

5. Pain on both sides = 1 

6. Symptoms do not worsen from 

activities = 1 

3-6 together >2 = 1 

3-6 together <2 = 0 

 1 

0 

 

D 7. Nausea = 1. 

8. Vomiting = 1. 

7 – 8 is D1 

D1 together >1 = 1. 

D1 together = 0 = 0. 

D1+ D2 =2 =1 

D1+ D2  <2 = 0 

 

1 

0 

9. Fear of lights = 1. 

10. Fear of sounds = 1. 

9 – 10 is D2 

D1 together = 2 = 0. 

D2 together < 1 = 1 

 B+ C+ D = 3  TTH 

 

B+ C+ D =2   Probable 

TTH  

B+ C+ D < 2   Unable to 

classify 

 

5) Headache assessment 

Headache assessments use recorded headache background data to show and 

categorize pain characteristics, and diagnose headache causes,141 in addition to compare 

with diagnostic criteria or handbooks that are not only interviews.167 Headache 

assessment usually uses two processes as follows: 

5.1) Ask the patients if the patients have headache. If patients have 

headache, ask the patients about details. 
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5.2) Conduct the interview if the patients have answered that patients 

have headaches and details of headache are known. 

Data on recording forms consisted of:141 

1. Demographic data, age, gender, level of education, nationality 

and culture indicating relationship between the study group and headache.167 

2.  Questions relate to classification diagnosis such as: 

2.1 Age when patients have begun to have headache, in 

order to differentiate chronic and acute headache. 

2.2 Headache frequency and duration, as temporary 

symptom models to use as a baseline for treatment assessment. 

2.3 Headache severity and headache levels, measured on 

an 11-level scale, are widely used and shown to be accurate in children and adults.168 

Where 0 indicates no pain and 10 indicates the most pain. Patients should be asked about 

details for the past three months. 

2.4 Time when patients have begun to have symptoms, to 

show when headache is stimulated such as when sleeping or waking. 

2.5 Symptoms occurring before headaches. 

2.6 Characteristics and symptoms during headache such 

as:  1) Type of pain such as slow pain, tight pain, or dull pain.  2) Related symptoms such 

as nausea, vomiting, fear of lights, and fear of sounds. 3) Psychological, physiological, 

food, beverage, and environmental triggers of headache. 

2.7   Measure headache impacts167 

 Therefore, headache diagnosis depends on history and details of headache by 

using headache diaries to perform preliminary headache impact assessments. Repetitions, 

chronic pain, and treatment efficiency are also assessed in addition to assess physical and 

emotional capabilities and satisfaction. Expected outcomes from measurement include 

two important areas, consisting of frequency and duration, and severity. Headache 

characteristics and impacts from headache, by measuring loss of capabilities and quality 

of life, are also included. 
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6)  Headache impact assessment 

Assessment of impacts from headache is aimed at considering headache 

severity and usually made in the psychological and behavioral aspects as follow:145 

6.1)  In the area of impacts on psychological, emotional and social 

function, headache has caused the distress and disturbance to the psychosocial 

development145 and perception. Headache effects on learning achievements causing 

children to become aggressive, resulting in impact on family relationship. 

6.2) Behavioral impacts on abilities at school and avoidance of 

activities cause children to prefer being alone and get addicted to games, 145 and finally 

cause children to miss school. Children with migraines (31%) have missed school in the 

past three months for at least one day.145 

 

Most impact assessments have been made in the past month and consisted of the 

following:  1) The Migraine Disability Assessment (MIDAS) is used in age group of equal 

to or more than 20 years, in order to assess the impacts in the areas of working, doing 

household chores, off-working time including family time, society, and free-time 

activities.  2) The Pediatric Migraine Disability Assessment (PedMIDAS) is used to 

assess impacts in children of the age 14–19 years, by assessing capabilities at school and 

participation in activities.  3) HIT6 assessed impacts and severity of headaches, by 

assessing capabilities at school and participation in activities and daily activities.169   

Headaches have multiple causes including pathological and psychological causes.   

Furthermore, many studies are interesting in studying the electromagnetic energy from 

mobile phones, causing headache. However, no clear data on the process in which 

electromagnetic energy from mobile phones causes headache has been found, so 

headache from mobile phones is not designated based on ICHD-3 beta criteria. Many 

studies on headache caused by mobile phones have encountered as follows: 

7) Research findings on headache caused by mobile phones. 

7.1)  Yoong, Heron, Oftedal et al., Punamaki et al., (cited in170), Khan,29 

Praveen et al.,30 Nathan et al.,31 Szyjkowska28 found excessive use of mobile phones to 

cause health problems including headache (16.1-65%), fatigue (42-45%), memory 

problems (15-40.6%), sleep problems (38.8%), hearing problems (23.07%), lack of 

concentration (34.3-52%), and feelings of heat around the ears (28.3-50%). Moreover, 
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patients (26%)28 would have headache continuously for six hours after ending the 

telephone conversations. 

7.2) Joachim et al.48 followed-up on mobile phone users in 2003 who 

began using mobile phones in 1982-1995, and found patients who were hospitalized for 

migraines, dizziness and vertigo to have 10-20% higher standardized hospitalization 

ratios. 

7.3) Kumar et al.171 surveyed perceived risks from mobile phone use, 

and found the samples (62%) acknowledges the health risks. Most of the samples agreed 

that telephones were the cause of headache, loss of concentration, and sleep problems. 

7.4) Heinrich et al.172 surveyed children of the age 8-12 years and 

adolescents of the age 13-17 years, along with recording symptoms while using the 

devices in order to measure electromagnetic waves emitted from mobile phone as radio 

frequencies. He found headaches, dizziness, and fatigue to have few correlations with 

mobile phones. 

7.5) Milde-Busch et al.173 surveyed the use of electronic devices and 

headaches.  The study has been found that listening to music for a long period of time 

correlated with headache. However, no correlation was encountered when headaches 

were categorized. 

7.6) Augner and Hacker174 surveyed groups with abnormally high 

mobile phone use. The result found the relationship between chronic stress, low emotional 

severity, depression, and young females. 

7.7) Chia et al.175 studied headache prevalence among mobile phone 

users in Singapore, in the communities of the age 12-70 years. Headache prevalence had 

increased according to duration of telephone use (minute/day) with statistical 

significance. Headache prevalence had decreased by more than 20% in the groups who 

used hand-free devices. 

7.8) Chu et al.49 studied the clinical characteristics of headache relate 

to mobile phone use with a cross-sectional study design among university students. The 

result found the prevalence of headache from mobile phones at 18.9%. Sweden and 

Norway found prevalence of headache from mobile phones at 8.4-13%. Saudi Arabia 

found prevalence of headache from mobile phones at 22.4% and France found prevalence 
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of headache from mobile phones at 10-20%. Chu et al. concluded headache from mobile 

phones is a secondary headache.  

7.9) Chongchitpaisan and Bandhukhul43 found prevalence of mobile 

phone use at 89.3%, headache prevalence at 81.1%, and migraine headaches at 4.4%. 

Persons with migraine headaches would have higher mean of mobile phone use. 

Moreover, students who used hand-free phones would have lower headache prevalence 

with statistical significance.  

7.10) Xavier et al.131 found excessive use of electronic devices to post 

a risk for ordinary headache and migraines (OR 1.21; 95% CI 1.02-2.03 and OR 1.86; 

95% CI 1.01-3.67). 

 Furthermore, headache prevalence among adolescents was found to have 

higher likelihood with a prevalence of 47-82% in 2006-2012, which increased to 83.1-

94% in 2013-2015. This concurred with higher mobile phone use. Moreover, according 

to data from the literature review, electromagnetic energy from smartphones was found 

to have the following significant processes and effects on headache: 

Electromagnetic energy from smartphones effects on neurotransmitters in the 

pain suppression system. Stimulation of the dopamine-opiate system resulted in 

decreasing amount of the neurotransmitters in the system and prevented pain suppression 

functions.28, 113 

Electromagnetic energy from smartphone use causes heat in the skin 

surrounding the ears44 of the same side of headache.49 Increased temperature from 

electromagnetic energy may have effects on blood vessels in the aforementioned area, 

thereby causing vasodilation and resulting in headache.47 

Headache prevalence among adolescents would have higher likelihood with 

prevalence of 47-82% in 2006-2012,35, 38-39, 46 increased to 83.1-94% in 2013-2015.37, 133-134 

This is consistent with mobile phone use among adolescents who have higher trends of 

using mobile phones. Therefore, a worldwide concern regarding the aforementioned 

problem has risen. The World Health Organization prepared research plans to assess 

health risks from using mobile phones with emphasis on children and adolescents. While 

headache can be prevented, and chronic headache risks and burdens from the diseases can 

be reduced by controlling factors and stimuli among adolescents.176 
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Most studies of health impacts from electromagnetic radiation emitted by 

smartphone have usually found in the reports of headache and sleep problems. Sleep is a 

process of energy restoration and repairing of the body, helping the brain and the 

deteriorated parts of the body to restore efficiency and readiness for the next day.67 

Therefore, sleep is a basic biological process similar to drinking, eating, and breathing air 

for physical, behavioral, emotional, and intellectual development, especially among 

adolescents.50-53, 65 In a nutshell, sleep problems among adolescents cause effects on 

perception and learning ability, resulting in low academic performance58, 62, 64-66, 77 and 

chronic diseases,64, 70-72, 74 in addition to be one of the risk factors of death (RR 1.12; 95% 

CI 1.06-1.18).73 

 1.4.5 Theory and literature review for sleep problem 

 Good sleep is like food, water, and air that is essential for physical growth as well 

as behavioral, emotional, and learning development among adolescents.51-52, 61 Sleep is a 

condition of changes in movement levels and perception level that is different from 

unconsciousness or lack of feeling, because sleep can return to a completely normal state. 

Sleep is a physiological process which cooperates with functions at various levels of 

central and peripheral nerves. Sleep stores energy to metabolize in the center of nervous 

system, together with hormone secretion.54 Therefore, sleep is defined as a natural state 

of living creatures based on normal systems that can recur and return to a completely 

normal state.54 Sleep problems in adolescents occur in many countries worldwide. The 

National Sleep Foundation in the United States found the prevalence of sleep problems 

among children and adolescents to occur at rates of 25% and 40% in 2006.55, 56 With 

insomnia being the most frequently encountered problem. However, most of the patients 

did not receive proper diagnosis and treatment. The United States (2011) reported sleep 

loss in adolescence at 75%.79 Lebanon, Belgium, Italy, Israel, and India were found to 

have sleep loss problems.53 ,62, 82-83, 177 Adolescents in Hong Kong and Korea were found 

to have a mean sleep time of 7.74 and 6.30 hours,77, 178 Israel <7.5 hours,177 while 

Australia reported sleep durations of 8.5-9.1 hours.60 A study conducted in multiple 

countries by Mindell in 2008, and found the prevalence of sleep problems to be 25-40%.55 

Furthermore, the prevalence of sleep problems had increased from 16.9-54.2%51, 57-59, 179 

in 2000-2013 to 58.7-66% in 2013-2016.53, 60 Therefore,  adolescents were found to have 

more substance abuse, caffeine consumption, alcohol consumption, and more 
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accidents,64, 78, 180  which thereby resulting in daytime drowsiness and fatigue at 35-40%.64 

Furthermore, sleep problems influenced psychological problems, stress, and depression.64 

In a nutshell, good sleep was important for good health and quality of life.181 

1) Sleep architecture 

Human bodies have Circadian Rhythms to adjust sleep wake cycles with 

many important neurotransmitters and hormones in the body, including the influence of 

light during light-dark cycles, controlling sleep and waking. Sleep cycles are explained 

according to electroencephalographic characteristics by Loomis.68 Standards for stages 

of sleep were introduced in 1968 by Rechtschaffen and Kales called R&K rules according 

to EEG changes. Sleep was divided into two stages as follow.54, 68, 182 

1.1) Non-Rapid Eye Movement sleep (NREM).56, 68 Sleep in this stage 

is highly important and relates to the digestive system and growth hormone secretion. 

NREM has a distinct point from lower physical function, slower brain waves, and higher 

waves. NREM is divided into four stages54, 182 beginning from Stage 1 to REM and 

returning to Stage 1. 

Stage 1 Light sleep:  This stage is a feels confused, half asleep 

and easily awaken. This period may have muscle spasms called “hypnicmyoclonia” 

which usually follows symptoms similar to vertigo. Brain waves and muscle functions 

will be slow. Eye movements will be slow too.54, 183 

Stage 2 True sleep: This stage is not considered as fully asleep 

yet. Eye movement will stop. Brain waves will be slower with periodical increases in 

speed, called sleep spindles,182 combined with continual muscle contraction and 

relaxation, lower heart rates and lower body temperature. Stages 1 and 2 are in light sleep 

range and sleepers are easily awakened.81,182  

Stage 3 Electroencephalography (EEG) will have delta wave 

characteristics. 

Stage 4 This stage is where sleepers are fast asleep and all EEG 

are delta waves. Stages 3-4 are collectively known as slow wave sleep. Sleepers will be 

fast asleep and sleep more deeply, considered the most difficult to awaken. There is no 

eye movement or other physical movement. Sleepers will have low blood pressure and 

heart rates, caused by withdrawal of the sympathetic nervous system and stimulation of 

the parasympathetic nervous system. When sleepers are awaken from this stage, they feel 

confused for a short while after waking up.34, 54, 182 



 

40 

1.2) Rapid Eye Movement sleep (REM) occurs within 90 minutes 

after sleeping. Sleeping in this stage is controlled by the pons and the midbrain.184 In this 

stage, sleep stimulation nerves are fully stimulated. The body will stop sending some 

brain nerve waves, preventing muscles from moving and reducing response to the 

environment34 while having intense brain wave function. Breathing is faster, deeper, and 

irregular. The eyes move rapidly in every direction. This stage has functions of important 

neurotransmitters such as serotonin, norepinephrine, and histamine. Dreams occur during 

REM-sleep and sleepers who wake from this period of sleep will be able to remember 

their dreams. 

 NREM sleep cycles alternate with REM sleep in an Ultradian Cycle. 

Each cycle takes approximately 90-110 minutes. NREM sleep occurs 4-6 times during    

6-8 hours of normal sleep, depending on sleep duration, age, medications, physiological, 

and psychological health.68 , 138 Multiple Ultradian Cycles each night are collectively 

known as “sleep architecture”.34 When a person begins to sleep, the person will enter 

NREM sleep. Stages 3 and 4 (slow-wave sleep) are concentrated in the early periods of 

sleep while REM sleep is concentrated in later periods of sleep.56 In adults, NREM sleep 

accounts for 75-90% of all sleep time at 3-5% in Stage 1, 50-60% in  Stage 2 and 20% in 

Stages 3 and 4. REM sleep accounts for 10-25% of sleep.68 Balanced REM and NREM 

sleep are important for resting, and help with learning, memorization, emotional 

development, and capabilities. Adults need to have a sleeping period of 7-9 hours, 

adolescents need a mean sleeping period of 9.5 hours, and infants need approximately 16 

hours of sleep per day.185 

 

Figure 1.6 Sleep architecture54 

Source: Hasan, Alóe 2011, p. 54 (4) 
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2) Sleep mechanisms 

Physiological mechanisms of sleeping and waking are the effects of reducing 

sensory input which related to wakefulness, including brain anatomy structures and 

different nerve functions in the wakefulness system. Those signals have been sent from 

the brainstem to the thalamus and the hypothalamus, and the front of the base of the brain 

to the cerebral cortex. These signals will stimulate sensory input such as feelings of 

warmth and comfort, etc. This reduces reticular activating system (RAS) functions at the 

forebrain, including important neurotransmitters of sleep such as serotonin and gamma-

aminobutyric acid (GABA). Therefore, the sleep mechanism is composed of two systems, 

namely, wakefulness and sleep status.182  

2 .1) Wakefulness is composed of the following: 

2.1.1)  Reticular formation: Anatomic structure related to waking. 

 Reticular formation (RF) (Figure 1.7) has glutamatergic neurons working 

with aminergic nuclei, serotonin, noradrenaline, dopamine, histamine, and cholinergic 

receptors in pons and orexin, which is in the nerve cells that send signals into the lateral 

hypothalamic nuclei. The lateral hypothalamic nuclei functions to trigger wakefulness. 

The RF functions the most while waking, and will be rapidly reduced with the suppression 

from GABAergic during NREM and REM sleep.54 

 

Figure 1.7 Reticular formation.  Source:  Reticular Formation Picture. 

Website:http://www.apsubiology.org/anatomy/2010/2010_Exam_Reviews/Exam_4_Rev

iew/CH_12_Cerebellum-Brain_Stem.htm: Picture. 2014. 

RF is a neural anatomical formation 

composed of cells in the brain stem, 

extending to the central part of the 

brain and the thalamus. RF functions 

as a wire leading nerve signals and 

senses from various parts of the body 

to the brain stem and interprets into 

feelings of wakefulness and interest in 

surrounding issues, enabling 

awareness and consciousness to be 

maintained.54 
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 Therefore, the RF is an area where the “wake-on” switch is turned. Awareness and 

consciousness are preserved by the reticular formation. The reticular formation stops 

working when the person is asleep, a manner similar to turning a switch off.54 

2.1.2) The Ascending Reticular Activating System (ARAS) 

Ascending neurons in the wakefulness system as a group of nerves and 

neurotransmitters working together, this was not just one anatomical structure. These 

nerve groups begin from the upper brain stem, to the pons, and extend to the midbrain 

and the diencephalon, before diverging into two routes as follows:182  

(1) Nerves enter the thalamus will have cholinergic 

neurotransmitters, consisting of Pedunculopontine Tegmental Nucleus (PPT) and 

Laterodorsal Tegmental Nucleus (LDT). Cholinergic neurotransmitter will be released at 

higher rates during REM sleep and the waking stage, decreased during NREM sleep, and 

stopped in the NREM stage.141 Therefore, cholinergic cells are called “REM-On”. This 

stage will be found with EEG desynchronization and lower muscle tension during REM 

sleep. 

(2) Nerves enter the lateral hypothalamic nuclei, the basal 

forebrain, and the cerebral cortex, the monoaminergic group consist of the following: 

(2.1) Noradrenergic neurons sent from the locus coeruleus. 

(2.2) Serotoninergic neurons send from the dorsal and the 

medianraphe nuclei. 

(2.3) Dopaminergic neurons send from ventral periaqueductal 

grey (vPAG). 

(2.4) Histaminergic neurons send from the tuberomammillary 

nucleus (TMN). 

(2.5) Melanin hormones and orexin send from the lateral 

side of the hypothalamus. 

(2.6) Acetylcholine or GABA sends from basal forebrain 

nuclei. 
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Figure 1.8 Ascending reticular activating system, monoaminergic nerves and 

cholinergic neurons.  

Source: Adapted from Saper 2005, p. 1258 [99]. 

 

Aminergic functions will be released most quickly during waking stage182 by 

stimulating thalamocortical circuits,54 become slower during NREM sleep, before 

stopping during REM sleep. Therefore, aminergic neurons are called “REM-off”. The 

aminergic nervous system suppresses GABAergic cells of VLPO,54 which have functions 

similar to orexin but opposite to cholinergic neurons of the base of the forebrain. It will 

be released at the highest rates during REM sleep and when awake,182 before stopping in 

NREM sleep.54 This is similar to melatonin functions which will be released at a high rate 

then preserve the balance state during REM sleep.54, 182 Having lesions in this area will 

cause narcolepsy and sleeping problems.54, 182 

2.1.3)  Posterior hypothalamus 

The orexin/hypocretinergic system is located at the back and the sides 

of the hypothalamus. It is triggered by the limbic system at the base of the forebrain and 

the suprachiasmatic nucleus, which function is to preserve waking stability and important 

behaviors such as seeking for food or fighting, etc. If a person is sleep-deprived, increased 

amounts of orexin or hypocretin will be stimulated. Orexin or hypocretin will stimulate 

the ascending reticular activating system (ARAS) and thalamocortical circuits, and then 

the signal will be sent to stimulate the cerebral cortex and the limbic system along with 

cholinergic nuclei in pons. Orexin or hypocretin functions the most during the waking 

stage and wears off during NREM and REM sleep. Orexin or hypocretin will also 

stimulate the aminergic system, which then suppresses VLPO indirectly in order to 
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prevent sleep. At the same time, melanin and GABAergic hormones in VLPO will 

suppress orexin or hypocretin, causing orexin or hypocretin functions to reduce and 

eventually disappear during sleep.54 

2 .2) Sleep status 

Ventrolateralpreoptic neurons (VLPO) and sleep status. VLPOs are located 

at the front of the hypothalamus. Most of the nerves (approximately 80%) are in the 

GABAergic and Galaninergic nerve group, which their functions are to suppress the 

wakefulness system.54 VLPOs are stimulated by the sleep-inducing neurotransmitters 

such as adenosine and prostaglandin, accumulated at the base of the brain during 

wakefulness. Sleep-inducing neurotransmitters have high secretion rate during the 

beginning of NREM sleep and REM sleep.182 

 

Figure 1.9 Cholinergic, aminergic, orexinergic, and VLPO nerve.  

Source: Adapted from Saper 2005, p. 1258 [99]. 

Cholinergic and aminergic neurotransmitters work with orexin in order to promote 

and maintain awareness. During sleep, these circuits are blocked by VLPO nerves.182 

(Figure 1.9) 

The sleeping process is composed of sleeping at night and waking up during the 

day. This process is controlled by two internal factors consisting of sleep homeostasis and 

circadian rhythms56, 187 as follows: 

2.3)  Circadian process  

Circadian process means sleep-wake rhythms related to light and dark, 

according to daytime and night time in a circadian rhythm that is closely consistent with 

our regular sleeping hours.68 Sleep-wake mechanisms have a cycle controller for sleeping 

VLPOs are suppressed by aminergic 

nerves, consisting of noradrenaline, 

serotonin, histamine, and acetylcholine 

which stimulate wakefulness. While 

orexin suppresses GABA and galanin in 

VLPOs. Furthermore, suprachiasmatic 

nuclei can also send signals to suppress 

VLPO, creating control rhythmic cycles. 
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and waking in one day, sleep structure is also controlled. The controller is in the 

suprachiasmatic nucleus (SCN) in the hypothalamus called the “Master Clock”. The 

circadian cycle depends on RF in the brainstem, which functions to control consciousness 

and sleep with signals from the lights which suppress melatonin secretion. Without light, 

melatonin secretion will be stimulated and helps the body to have a circadian cycle of 24 

hours. Furthermore, SCN also related to body temperature changes, appetite, and sleep-

wake cycle duration.54 SCN produces the waking signals and maintains the balance, by 

sending signals to suppress VLPOs. When there is no sunlight, SCN signals are reduced. 

Reduction of SCN will result in higher VLPOs, which will stimulate GABAergic neurons 

and send feedback to SCN and orexin, in order to begin sleeping process and enter 

NREM. 

Therefore, light suppresses melatonin secretion. While there is no light, the 

body will enter sleep.54 Cases where there is light from televisions or computer screens 

make sleep more difficult. Changes in the places related to time zone changes, which 

cause early darkness or slower light, will effects on melatonin secretion.56 Therefore, 

taking melatonin helps with sleep duration and sleep quality by adjusting the biological 

clock or melatonin secretion.68 

2.4)  Sleep homeostasis process 

The sleep homeostasis process56 is a balancing mechanism for sleep, the 

process of controlling sleeping, and waking balance, by causing drowsiness after waking 

and reducing drowsiness after sleeping or day-time naps. Sleep nourishes the body, 

returns our body to the normal stage, and maintains balance when sleep is disturbed. 

Furthermore, sleep deprivation will trigger more sleep, in order to compensate for lost of 

sleep. Therefore, sleep control is explained with sleep balancing mechanisms and 

stimulation of the circadian cycle in order to induce sleep. Balance maintenance is done 

by adenosine accumulation.54 A product of metabolism, at the base of the forebrain, while 

we are awake or sleep-deprived.54 Higher adenosine levels will cause the base of the 

forebrain to stop VLPO suppression, resulting in lower cholinergic neuron, together with 

decreased SCN stimulation, resulting in NREM sleep. When adenosine is reduced, the 

base of the forebrain will send signals to stimulate orexin and suppress VLPO, in order 

to stimulate waking up. Caffeine, an anti-adenosine substance, stimulates the base of the 

forebrain and affects sleep.54 
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2.5)  Control of sleeping and waking systems 

Sleeping and waking status are cyclic theories, and suppression of one another 

between VLPOs and the wakefulness of hypocretinergic-aminergic system. There are bi-

stable conditions, called the “Flip-Flop switch”182 or the “Sleep Switch”.54 Creating 

sleeping and waking states. When VLPOs are stimulated during sleep, other systems will 

be suppressed. When nerves are stimulated during we are awake, VLPOs will be 

suppressed. Thus, sleeping and waking cycles are controlled by stimulation models that 

are balanced and stable.182 

 

Figure 1.10 Flip-flop switch control182  

Source: Adapted from Saper 2005, p. 1259 [99].
 

Adolescents should have proper sleeping standards, according to ages, by 

specifying regular sleep-wake rhythms.52, 62 Adolescents’ sleep models depend on 

biological changes of the body, minds, emotions, behaviors from growth into adulthood, 

and factors in the area of personal data including gender, grade level, family, school, and 

social culture. Family lifestyles, which will be required to adapt to social and 

environmental change, can influence sleep hygiene,51-53, 57, 62, 179 affect the sleep 

architecture, and change the homeostatic and circadian regulation of sleep.52, 56 

3) Sleep disorders 

The International Classification Sleep Disorder (ICSD) criteria divided sleep 

disorders into eight groups as follows (AASM 2005):146, 150-151, 182 

3.1) Insomnia is the symptom of difficulty in becoming drowsy, continuing 

sleep, waking early, and having poor sleep quality. 
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3.2) Sleep-related breathing disorders are sleep problems relate to abnormal 

breathing, including problems from snoring and resistance of the upper respiratory tract, 

respiratory obstruction, and rapid breathing in obese persons. All of which are the causes 

of chronic sleep obstruction. 

3.3) Hypersomnia is the problem resulting from excessive sleep, not caused 

by problem of the circadian rhythms. 

3.4) Circadian rhythm sleep disorders are sleep disorders caused by 

abnormal circadian rhythms, such as working in shifts or changing places, time zones, or 

medications, resulting in disturbance of the 24 hours biological time set system. 

3.5) Parasomnias are disorders relate to the sleep process caused by central 

nervous system stimulation. Disorders occur while we are waking from REM sleep or, in 

some patient, from NREM sleep. Patients are found to have nightmares, delusions, fear, 

bed wetting, grinding teeth, and sleepwalking. 

3.6) Sleep-related movement disorders are sleep with movement disorders 

such as restless leg syndrome and nervous system disorders, caused by leg movement to 

reduce discomfort in legs. 

3.7) Isolated symptoms are separate sleep disorders with clearly different 

characteristics from normal sleep without corrections. 

3.8) Other sleep disorders such as the following: 

3.8.1) Narcolepsy: Patients with narcolepsy are patients who oversleep 

during the day, accompanied by REM sleep disorder. 

3.8.2) Psychiatric disorders: Patients with psychiatric problems such as 

depression, etc. 

3.8.3) Alcohol abuse-related disorders: Patients with alcohol abuse-

related disorders have problems with sleeping and waking, lead to more sleeping 

problems. 

 4)   Factors causing insomnia 

 Children and adolescents sleeps usually have the following physiological, 

psychological, and social problems: 

4.1) Gender and age were factors relate to sleep quality. Insomnia 

prevalence differs with age and gender, with males being found to have higher prevalence 

than females.55 
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4.2) Brain development, controlling waking and sleeping.188 

4.3) Physical diseases and sleep problems. Physical health problems are 

relate to sleep quality (r=0.51; p <0.05).4 The following health problems relate to sleep 

are frequently encountered. 

4.4) Endocrine Diseases and Metabolism Disorders 

4.4.1) Obesity is a metabolism disorder usually relates to sleep 

problems.189 Prevalence of sleep apnea is found in males with BMI more than 39 (40%) 

and pre-menopausal women at 3%. Most importantly, weight loss has improved sleep 

apnea problems189 and the obese population (BMI >40) has poor sleep efficiency for 10.5 

days or more than the population with normal weight (OR1.7; 95%CI 1.5-1.8).190-191 

4.4.2) Diabetes patients with glycemic control problems highly 

correlated with day-time sleep (r=0.239). Diabetes has related to sleep quality (r=0.325; 

p<0.05).192 Prevalence of patients with type 2 diabetes mellitus and obesity who have 

moderate to severe sleep apnea have been found at 70%.189, 193 Furthermore, abnormal 

sleep structure, poor sleep quality, sleep difficulty, frequent waking, reduced sleep 

efficiency, lower sleep duration and drowsiness are encountered more frequently in the 

diabetes patients.193 

4.5) Multiple sclerosis usually occur in adults who have sleep problems 

(45.3%).194 

4.6) Heart failure(189) has been found to be a risk factor for obstructive sleep 

apnea, causing significant drowsiness during daytime (OR 1.5).195 

4.7) Gastroesophageal reflux disorder189, 191 causes difficulty in the 

beginning of sleep. This is usually in obese persons. Furthermore, persons with 

gastroesophageal reflux disorder are in a moderate risk for daytime drowsiness.195 

4.8) Respiratory disorders and sleeping problems.191 There are usually 

caused by lack of oxygen and carbon dioxide accumulation. These usually occur in acute 

and chronic forms such as asthma or emphysema, etc. 

4.8.1) Patients with asthma usually have difficult breaths during sleep, 

especially before waking. Patients with asthma (74%) have been found that they need to 

wake up at night at least once a week.196 Furthermore, patients have sleep difficulty and 

wake up frequently after going to sleep, in addition to have decreased sleep efficiency. 

Asthma poses hundreds of times higher risk of presenting symptoms at 4:00-5:00 a.m.196 
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4.8.2) Severe chronic obstructive pulmonary disease usually results in 

worse gas exchange during sleep and increases carbon dioxide accumulation, resulting in 

poor quality of sleep. Patients with chronic obstructive pulmonary disease have been 

reported to insomnia at 48.1% (OR 2.4).197 

4.8.3) Allergic rhinitis (AR)196 and non-allergic rhinitis (NAR) are 

usually triggered by allergens in the environment, resulting in stimulation of the immune 

system and causing inflammation. Symptoms usually occur at night during sleep. Allergic 

rhinitis has created obstruction for >5 nights per month. Udaka et al. in Japan found 

patients with allergic rhinitis to have sleep apnea (OR 5.22) and drowsiness during the 

day (OR 2.17).198 

4.9) In the area of neurological diseases with sleep problems, adolescents 

with chronic neurological disorders are found to have sleep walking (57%) and 

drowsiness during the day (>50%). Neurological diseases are more frequently found in 

boys than older girls.199 

4.10) Acute pain relates to sleeping problems will find the delta waves in 

patients’ EEG. Delta waves are types of brain waves indicating shallow sleep, found in 

patients with medium brain injuries. Beta and gamma waves have indicated higher level 

of awareness (p<0.04). Furthermore, beta frequencies during NREM sleep are found more 

frequently, thereby indicating that pain relates to electroencephalography of sleeping 

problems.200 In China, adolescents are found to have chronic pain and sleeping problems 

(19.1%).201 Moreover, sleep quality has been improved in patients after knee surgery, 

who had less pain.202 

4.11) Physical illness or discomfort such as pain, chronic coughing, sleep 

difficulty, and waking up to urinate frequently,etc.188 

4.12) Headache will cause sleep problem. Children with migraines are 

found to have insomnia (55.2%) more often than children who have tension-type 

headaches (OR 3.45; 95% CI: 1.45-8.22).142 Children with headaches are usually found 

to have sleep difficulty, insufficient sleep, frequently waking during the night, 

nightmares, and day time fatigue.42 

4.13) Psychiatric problems, psychological problems, and anxiety are related 

to sleep disorders in both quantity and quality means, including decreased ability of works 

during day time. Augner (2011) found sleep quality to be related to depression (r=−0.57) 
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and anxiety (r=−0.54, p<0.01).74 Depression creates risk for sleep disturbance in children 

and adolescents (OR 2.47-3.90). According to epidemiological studies, patients with 

depression have suffered from insomnia (90%),75 which usually caused by problems 

regarding relationship between parents and family problems, relationship between 

teachers and school, separation anxiety, and loneliness (OR 2.52; 95% CI: 1.15-5.49).51, 74 

Furthermore, psychiatric problems such as Tourette syndrome, etc. require medications 

that cause sleep disturbance.163 

4.14) Physiological abnormalities of patients who are more sensitive than 

normal, such as patients with high awareness causing them to be easily excited, etc.188 

4.15) Sleep problems caused directly by sleep diseases such as abnormal 

limb movement during sleep, periodical sleep apnea, and sleep walking, etc.188 

4.16) Use of some medications or substances, such as caffeine beverages, 

alcoholic beverages, and nicotine causes sleep disturbance.189 Use of alcohol and 

marijuana has increased sleep problems in females more than males.203 Sleep apnea is 

usually found in alcoholics, while problems of persistent insomnia are found even after 

the patient stopped alcohol consumption.166 Furthermore, insomnia has caused severe 

drowsiness during daytime in females (OR 1.5), alcoholic (OR 1.4), overdosed on sleep 

medications (OR 2.5), and used pain relief medications (OR 3.4).195 

4.17) Environmental changes such as bright lights, loud noises, hot 

temperatures, changes in sleeping spaces, traveling across time zones, and working on 

late night shifts have disturbed the normal circadian cycle.188 

4.18) Improper sleeping behaviors and hygiene from poor sleeping 

behaviors over a long period of time, which usually begins in childhood, cause loss of 

sleep balance and result in inadequate sleep, daytime fatigue, lack of motivation, and 

depression.188 

5)  Sleep hygiene as follow:56 

5.1) Bedroom environment, darkness, appropriate temperature, and avoidance 

of other activities in the bedroom such as using computers and lying down to watch 

television. 

5.2) Set bed times and regular waking hours with flexibility of no more than 

one hour. 
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5.3) Enjoyable and relaxing activities. Avoid emotionally stimulating 

activities before sleeping. 

5.4) If a person is unable to sleep after more than 30 minutes in bed, the 

person should get up to do other activities until he or she feels sleepy. 

5.5) Children should be supported to sleep by themselves by sending 

children to bed when children begin to feel sleepy. 

5.6) Avoid daytime napping near sleeping hours at night. 

5.7) Playing sports or exercising regularly helps promote good sleep quality. 

5.8) Hunger is a barrier to sleep. Eating snacks before sleeping can help to 

improve sleep. 

5.9) Avoid food or beverages containing caffeine. 

5.10) Organize studying hours not to be excessive. 

 6)  Sleep quality 

Sleep quality means a person’s perception of his sufficiency and satisfaction of 

sleep. Sleep quality is complex204 for concrete measurement and not only sleep 

quantity.205 The ordinary population have been disturbed sleep qualities at 15-35%.204 

Sleep quality is composed of the quantity aspect of sleep and the qualitative aspect of 

sleep. 

6.1)  Quantity aspect of sleep 

6.1.1) Sleep latency is the period when the person determines to sleep 

until the person is able to sleep. Easy sleep takes less than 15 minutes. Normal sleep takes 

no more than 30 minutes. Sleep latency exceeding 30 minutes indicates difficulty in 

initiating sleep.204 

6.1.2) Sleep duration is the period from entering sleep until the person 

wakes up, this doesn’t include waking periods during sleep.206 Normal sleep duration 

differs from age such as 16-20 hours per day for infants, from birth to 3months. Sleep 

duration is the period alternated with waking periods, it is related to hunger and being 

full. Sleep duration is not related to daytime and night time. School-aged children need 

10-11 hours to sleep. Adolescents need 9 hours, and adults need 8 hours.150 

6.1.3) Number of arousal during sleep causes inconsistent sleep. Being 

aroused once means occurrence of awareness during sleep more than 15 seconds. Being 
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aroused more than three times per night or sleep difficulty after waking leads to 

inconsistent sleep. Persons with consistent sleep duration will have good sleep qualities. 

6.1.4) Sleep efficiency is the ratio between actual sleeping duration 

each night to hours that the people will spend on bed. Normal sleep efficiency is more 

than 75% and will result in good sleep quality. It can be calculated as following:207-208 

One day, people require eight hours of sleep, 30 minutes to sleep, and 30 minutes to wake 

up in the morning before schedule. If a person wakes up during the night time for an hour, 

sleep efficiency will be 6/8 hours or 75%. 

Measurement of sleep quantity in all four aspects clearly indicates good sleep models, 

predict sleep quality, and specify satisfaction in sleep. 

6.2)   Qualitative aspect of sleep 

6.2.1) Sleep quality is a subjective aspect of sleep, i.e. “good”, “bad”, 

“sufficient”, “insufficient”, “deep” or “shallow” sleep, including feelings of being “fresh” 

or “fatigued” after waking. Satisfaction towards sleep results in good sleep quality.206 

6.2.2) Impact on activities in daily living from poor sleep quality206 can 

cause sleepiness, yawns, lack of enthusiasm, fatigue, or lack of concentration. Sleep 

quality is relate to the function or activity during day time.205 Activities during the day, 

after waking up, are variables to judge sleep quality. 

7) Effects from sleeping problems among children and adolescents on intrinsic and 

family.56 

Emotion: Insecure emotions, irritation, being easily angered, and lack of 

emotional control, leading to more anxiety. 

Behavior: Impaired focus, repeated thoughts and actions, aggression, 

stubbornness, resistance, risk behaviors, and sleeping during day time. 

Learning: Impaired concentration, creativity, and management such as 

decision-making, reduced problem-solving, and lack of academic capacity. 

Body: Fatigue, negative effects of the heart, the immune system, metabolism, 

and the endocrine system, exacerbated illnesses, and likelihood for accidents.  

Family: Effects on parents’ sleep, fatigue during daytime, fluctuating 

emotions, conflicts with children, internal family stress, and disagreement with parents. 
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8)  Sleep quality assessment 

Most ordinary sleep quality assessment methods use self-assessment forms to show 

sleep conditions. Subjective behavioral and psychological assessments use many types of 

measuring forms. The Pittsburgh Sleep Quality Index: PSQI is a popular sleep quality 

measuring instrument, used worldwide with accuracy scores and accepted confidence 

scores. The form is translated in many languages including Thai. The form has limitations 

in reporting real time. Reporters may be unable to report sleep time accurately and sleep 

hours for the entire night, but the form is able to assess quality of sleep. Furthermore, 

PSQI is a sleep data collection form indicating quantity and quality of sleep. Thus, the 

form can be applied to every aged group. Sleepiness or naps during the day must also be 

assessed.55-56 The Epworth Sleepiness Scale (ESS) is usually used as the form for 

measuring chance of sleepiness during the day, by using short questions in order to assess 

sleeping problems. ESS was used in 1991 by Murray Johns in Australia, as a measuring 

form related to sleep disorders.209 The scale had eight questions on past events, a 

sensitivity of 93.5% and specificity of 100% in diagnosing excessive sleepiness.210 

At the moment, sleep behaviors can be measured objectively by using wrist 

actigraphy instruments attached to the wrist. It has the capacity to analyze movement 

during sleep in one night. Furthermore, measurements of physical function during sleep 

can be done in the laboratories by using polysomnography (PSG) to measure EEG, EOG, 

EMG and ECG, all of which are gold standard of sleep measurements that are both 

expensive and require expertise in handling instruments. 

Therefore, subjective forms for measuring sleep quality are continuously used, 

without the data regarding sleep architecture. However, sleep quantity and quality can be 

measured with easy management with inexpensive prices and broad survey ranges.211 

9) Components in assessing sleep disorders 

Sleep quality components have different degrees of significance in each person.204 

Therefore, self-assessments are important in measuring sleep quality56, 211 using the 

following data: 

9.1) Sleep history, recorded using sleep tables in order to show sleeping 

disorders, including the time when the person goes to bed until the person is asleep, with 

capacity to indicate difficultly or ease in sleeping55 by recording the following data: 

http://www.sciencedirect.com/science/article/pii/0165178189900474
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9.1.1) Normal bed times, regular bed time schedules, durations, places, 

sleepiness before going to bed, and refusal to go to bed including evening activities and 

regular activities before going to bed such as watching TV, using computers, reading 

books, and doing homework, etc.55 

9.1.2)  Sleeping hours at night. Since the person goes to sleep, sleeping 

behaviors at night, number of times and length of time when the person wakes up during 

the night, respiratory disturbance, frequent urination, night time behaviors55 or problems 

caused by the bedroom environment, familiarity, lights, sounds and temperature.56 

9.2) Behaviors during the day, waking hours, and daytime naps55 are 

assessed in the following areas: 

9.2.1) Daytime weakness or fatigue 

9.2.2) Capacity during day time, ability in school, and socialization. 

9.2.3) Relationship between family and incidents in life with severe 

effects on our minds.55 

9.2.4) Food, caffeine beverages, history of medications, and current 

use of medications. 

9.2.5) Use of technology and education. 

9.3) Sleeping models, data on sleep, sleep duration from the time when the 

person goes to sleep, number and length of waking during sleep,56 total sleep duration, 

and nap duration. It’s usually used diary records of two weeks.55 

9.4) Family history related to sleeping problems.56 

9.5) History of frequently encountered psychiatric disorders among children 

and adolescents, with sleeping disorders consist of the following:55, 212 

9.5.1) Children or adolescents with ADHD are usually found to take 

longer time to go to sleep after going to bed with shorter sleep durations at night. The 

prevalence is at 25-50%. 

9.5.2) Children or adolescents with autism have sleeping problems at 

a prevalence of 44–83%. 

9.5.3) Children or adolescents with emotional disorders such as 

depression and anxiety.74 

9.6) Sleep hygiene55 
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9.7) Physical examinations56 in the areas of development, growth, ear, neck, 

nose, oral, and nervous system examinations. 

Sleep quality assessment forms for children will assess sleep, sleepiness, substance abuse, 

use of sleep medications, anxiety, and depression by assessing the past two weeks. 206 

10)  Research of electromagnetic energy from smartphones and sleep. 

Adolescents are currently growing up in the age of modern technology11 with 

changes in the activities of daily living (ADL) according to technology. Electrical 

appliances and electronic media can be found in adolescents’ bedrooms (75%).77 Use of 

electronic media and talking on smartphone before going to sleep have related to the 

sleeping problems (77%).64, 77-82 Lights from computer and smartphone screens are   light-

emitting diodes (LED) and short-wavelengths in the blue range. Contact with light-

emitting diodes in the evening for five hours was encountered. In the meantime, Wood et 

al. found that contact for as long as two hours212 could suppress melatonin in the body, 

thereby causing reductions in slow eye movements and low frequencies (1-7 Hz) EEG in 

frontal brain regions, led to less sleepiness, higher wakefulness, and problems for sleep 

quality.212-214 Furthermore, excessive use of entertainment media causes adolescents to 

sleep late with shorter sleep durations, although it has not been correlated with weekend 

period because adolescents are able to wake up later than usual.83 Moreover, excessive 

use of entertainment media has induced separation from society, causing depression and 

suicidality.178 Adolescents currently have likelihoods to increase sleepiness during the 

day and more tea or coffee consumption, indicating insufficient sleep duration64, 78 and 

creating concerns in the world for health problems caused by modern technology. The 

following studies on electromagnetic energy from smartphones and the effects of sleep 

problems have yielded the following findings:  

10.1) Jarupat found mean ears temperature higher during periods with 

continual smartphone use. Moreover, melatonin levels in saliva among telephone users 

were lower than among the groups which did not use mobile phones (p <0.05). 215 

10.2) Huber et al. experimented by using patch antennas and dipoles to send 

electromagnetic energy from mobile phones among healthy adults. Alpha brain waves 

were found in the period of entering NREM sleep and spindle waves were found during 

NREM sleep, with higher frequency and no statistically significant differences. This 

occurred because electromagnetic energy was low. Electromagnetic energy caused 
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intense electrical stimulation to the thalamus and induced spindle wave vibrations, which 

might cause sleep problems due to exposure over long periods of time. 216  

10.3) Achermann and Rigel experimented in healthy adults aged 20-26 

years who came into contact with electromagnetic energy at SAR 0.2 and 5W/kg, only 

on the left side for 30 minutes. Alpha brain waves, spindle frequency during NREM sleep 

in Stage 2, and slow Wave Sleep during NREM sleep in Stages 3-4 would have higher 

frequency. Furthermore, sleep latency was longer based on electromagnetic energy 

intensity. Moreover, electromagnetic energy led to less local blood circulation, especially 

the areas below the inferior temporal cortex with blood circulation increasing according 

to longer distance in the prefrontal cortex. 217 

10.4) Perentos et al. experimented with a cross-over model by having 

contact with electromagnetic energy from GSM mobile phones for 15 minutes. However, 

no changes to the Alpha Band were found. This might have been caused by contact at 

different amounts. 218 

10.5) Supe reported the contact with telephones before going to sleep could 

increase the frequency in the spindle range. 219 

10.6) Kesari et al. experimented in lab rats aged 3-5 years, by allowing 

contact with electromagnetic energy at a microwave frequency of 2.45 GHz with SAR of 

0.14W/kg for a period of two hours in 45 days and found melatonin reductions. 220 

10.7) Thoméeet al. surveyed and monitored the population in the age of 20-

24 years in Sweden. Reports of sleep disorders and depression among many of the group 

who used mobile phones were found, with most of the problems encountered in groups 

who reported stress from using mobile phones. 221 

10.8) Gradisar et al. found that American adolescents possessed and used 

mobile phones (72%) and electronic devices before sleeping, causing difficulty in 

sleeping and sleepiness after waking. 222 

10.9) Nathan and Zeitzer surveyed sleep during daytime by using ESS 

forms and mobile phones. The study was found ESS scores to be correlated with women 

who felt the need to access mobile phones at all times and usually used mobile phones at 

night. 31 
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10.10) Cao et al. experimented with contact with electromagnetic energy at a 

radio frequency. He found reductions of melatonin and anti-oxidant enzymes such as 

glutathione peroxidase and superoxide dismutase, etc. 223 

According to the literature review, electromagnetic waves would have two 

important processes influencing quality of sleep. Changes of brain waves during NREM 

sleep in Stage 1 cause longer NREM sleep and lengthening sleep latency. Rigel et al.219 

found that sleep latency depended on electromagnetic energy intensity, with potential 

effects on the hypocretinergic-aminergic nerves controlling NREM sleep or the ARAS 

which controlled both NREM and REM sleep by causing disturbance in secreting 

neurotransmitters related to sleep. 

Reductions in melatonin levels relate to heat from electromagnetic energy stimulate 

the pineal gland, which function to secrete melatonin. Furthermore, the light from mobile 

phones is Light-Emitting Diodes (LED) and in the blue range, causing increased in 

melatonin suppression in the body and problems in sleeping. 

Nowadays, health impacts, including headaches and sleep problems from 

electromagnetic energy in smartphones, remain inconclusive. While the rate of 

smartphone use increases rapidly. Smartphone use worldwide is expected to increase to 

1.4 devices/person.7 Smartphones are usually used close to the heads, causing the brains 

to come into contact with electromagnetic emissions and disrupt nervous system’s 

functions, resulting in headaches and sleep problems, especially among children and 

adolescents or “digital age” people76 who have the highest smartphone uses with 

continuously increasing trends. Therefore, studies of health impacts from electromagnetic 

energy in smartphones are aimed at creating preventive guidelines based on precautionary 

protection principles.85 

1.5   Scope of the study  

 The study has conducted among high School Students in Wattanothai School in 

Chiang Mai Province, who have the same characteristics as high school students 

nationwide. The study is divided into two phases on October-December 2015. The 

objectives of the study are to explore the characteristics and the prevalence of mobile 



 

58 

phone use,  headache and sleep problem among high school students, the relationship 

between smartphone output power, and headache and sleep quality among high school 

students.  

 Therefore, to study the effects of exposure to electromagnetic radiation from 

smartphone use on headaches and sleep quality among high school students has designed 

at Chiang Mai’s provincial high school with a conceptual framework is shown in Figure 

1.11. 

 

 

Figure 1.11 Theoretical conceptual framework 

1.6 The benefit of the study 

 The findings of the study can be used as a data to create a system for monitoring 

and preventing, based on a precautionary protection principle. The findings can also 

provide data for the preparation of measures or guidelines to promote and support safe 

smartphone technology use among high school students and other population groups. 

 The smartphone is a modernize technology which has been designed to meet 

divesre needs. The previous study found that electromagnetic radiation from smartphone 

affected nervous system. The technology is worthless without properly using, the 

researcher has aimed to investigate the correlation between electromagnetic radiation 

from smartphone and nervous system. 
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CHAPTER 2  

Methodology 

The objectives of the study are exploring the characteristics and the prevalence of 

mobile phone use,  headache and sleep problem among high school students in addition 

to study the relationship between smartphone output power, headache and sleep quality 

among high school students. The research has been designed in the following two stages: 

Stage 1 involved to study the characteristics and prevalence of mobile phone use, 

headache and sleep quality among high school students. Stage 2 is subjected to study the 

correlations between smartphone emissions; headache and sleep quality among high 

school students,  therefore the subjects have been selected from stage 1 based on set 

inclusion and exclusion criteria for participating in the time series study. 

2.1 Part 1: Mobile phone use and health problem  

Objective 1: To study the characteristics of mobile phone use, headache and sleep 

quality among high school students. 

 To explore the characteristics of mobile phone use, headache and sleep quality in a 

situation with mobile phone technology changes in smartphones from telephone 

conversations to text messages, images and motion pictures from communication to 

entertainment.  The data has involved in the research included studies of headache and 

sleeping characteristics among adolescents in the current digital era. At this stage, the 

data has included demographic data, data on illness and health-promoted behaviors in 

order to select students for entry into the second stage of the study, which is a prospective 

time series study. 

2.1.1 Population and sample group 

1)   Population study  

The population was all high school students (grade 10-12) at a provincial 

school in Chiang Mai (1,422). 
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2)  Sample 

The sample size has been calculated by determining headache from mobile 

phones prevalence in South Korea at 10%49 according to the sixth equation224-225 as 

specified. 

 Two-sided significance level (1-alpha): 99 

 Power (1-beta, % chance of detecting): 90 

 Population (N) = 1,422 

 Proportion (p) =0.1 

 Error (d) =0.01 

 Z (confidence level) =1.96 

 

                 (1)   

               =       1,422(0.1) (1-0.10) 1.962                  

        0.012(1,422-1)+(0.1) (1-0.10) 1.962 

           = 1008 (add5%) = 1,058 students 

3)  Sampling 

3.1)  Stratified random sampling224, 226-227 has been used because of age 

and gender factors have been related to headache and sleep quality. Therefore, the 

samples are divided by class, which represented age and gender divisions to control 

confounder variables, gender and age as shown in Figure 2.1. 

 

 

 

 

 

 

 

 

 

 

Figure 2.1  Flow of sampling divided by class and gender 

Grade 10-12 (1,422) 

Sample was 1,058 

Grade 10 (total 484) 

Sample was360  

Grade 11(total 466) 

Sample was 347 

 

Female 

(357:266) 

Male  

(127:94) 

Female 

(351:261) 

Male 

(115:86) 

Grade 12(total 472) 

Sample was351  

Female 

(322:2399) 
Male 

(150:112) 
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3.2)  Systematic random sampling224 is a sampling in which all of the 

samples have equal opportunity for being selected by determining distance between the 

samples and selecting based on the ratio of classes and gender groups in each grade before 

sampling by using computers. 

3.3) The inclusion criteria has consisted of Grade 10-12 high school 

students at a provincial school in Chiang Mai. 

2.1.2  Research design  

The study is based on a cross-sectional research design224, 226, 228 aimed at 

determining the prevalence of diseases or problems by collecting data of interest 

prospectively over a period or point of time. 

2.1.3  Data measurement  

1)   Questions about headache type and prevalence sleep quality and mobile 

phone use characteristics have been contained in the questionnaires created by the 

researcher based on the literature review and tested for content validity by three qualified 

experts. The questionnaires have been tested in 30 students in order to have reliable results 

by calculating internal consistency from cronbach’s alpha that is 0.715. The 

questionnaires have consisted of the following: 

1.1) Demographic data such as gender, age, weight, height, class, 

family income and family residence. 

1.2) History of illness, chronic diseases and medication adherence. 

1.3) Health-related behaviors such as smoking, alcohol consumption, 

food consumption and exercise. 

1.4) Headache factors such as headache characteristics and quality, 

headache duration and frequency, and headache triggers. 

2)   Questions about mobile phone usage characteristics have been modified 

from the study of Chu et al., 201149 concerning the age when a person becomes a 

smartphone owner and user, number of smartphones used, smartphone brands, 

smartphone characteristics, methods for using smartphones, methods for holding 

smartphones during conversations, daily smartphone conversation frequency, duration of 

each smartphone conversation, hand-free device use, speaker phone use during 
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conversations, burning sensations around the ears and face and smartphone use before 

sleeping. 

3) The Pittsburg Sleep Quality Index (PSIQ) has been translated into Thai by 

Chanamanee which has been used to assess sleep quality internal consistency, which has 

a Cronbach’s alpha of 0.78.207 The sleep quality assessment form consisted of seven 

components. Each component has scores based on selected responses with scores of 0-3 

points and a total posible scoring range of 0-21 points. Overall scores of less than or equal 

to five points have meant good sleep quality. Overall scores of more than five points have 

also meant poor sleep quality.204 

4) An assessment scale has been used to provide baseline data for 

comparisons and to exclude the samples based on exclusion criteria as follows. 

4.1) The Headache Impact Test (HIT6) has been an assessment form 

used in the headache clinic, Maharaj Nakorn Chiang Mai Hospital. The test has been used 

to assess headache severity and impacts over the four weeks preceding the study with six 

questions. Each question has a scoring range of 6-12 points with total scores divided into 

the following groups: 

Scores ≤ 49 points indicated no impacts from headaches. 

Scores of 50-55 points indicated slight impacts. 

Scores of 56-59 points indicated impacts from headaches causing 

students to stop learning. 

Scores of >59 points indicated severe headaches with impacts on 

learning, family and activity participation. 

4.2) The Epworth Sleepiness Scale (ESS) has been used to assess 

daytime dozing. The form has been translated into Thai by Sookying229 and was not tested 

for content validity and reliability. The form has assessed sleepiness over the four weeks 

preceding the study. Scores are divided into 0-3 points for each question with a total of 

eight questions or 24 points. 

  Scores of 2-10 points indicated normal sleepiness 

 Scores of 11-15 points indicated minor sleepiness184 

 Scores of more than 15 points indicated high sleepiness 
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4.3) The Hospital Anxiety and Depression form (HAD) has been used 

to assess depression and anxiety. The form has been translated into Thai by Ninchaikowit 

and colleagues.230 

The sensitivity of the anxiety assessment form is 100% with specificity at 

86%. The anxiety assessment form was related to clinical diagnosis at 88.33%. Internal 

consistency has a cronbach’s alpha of 0.86. 

The sensitivity of the depression assessment form is 85.71% with specificity 

at 91.3%. The anxiety assessment form was related to clinical diagnosis at 90%. Internal 

consistency has a cronbach’s alpha of 0.83. 

The HAD contains 14 questions with seven odd-numbered questions on 

anxiety and seven even-numbered questions on depression. Likert scale ranking has 

scoring values of 0-3 points per question divided into anxiety and depressions cores with 

a score range of 0-21 points. 

Scores of 0-7  points indicated the subjects are normal. 

Scores of 8-10  points  indicated groups with high anxiety or 

depression. 

Scores of 11-21 points  indicated groups with anxiety and 

depression considered to be psychiatric 

abnormalities.195 

4.4) The sleep hygiene assessment form has been translated into Thai 

by Chanamanee which accuracy is cronbach’s alpha accuracy.207 The sleep hygiene 

assessment form contains 21 questions with 13 positive questions and 8 negative 

questions. Each question has responses to be selected with scoring from  0-4 points as 

follows: 

 

Positive Questions Answer Definition Scoring 

 Never No behaviors/1 week 0 point 

 Sometimes 1-2 behaviors/week 1 point 

 Frequently 3-4 behaviors/week 2 points 

 Regularly More than 5 behaviors/week 3 points 
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Negative Questions Never No behaviors/1 week 3 points 

 Sometimes 1-2 behaviors/week 2 points 

 Frequently 3-4 behaviors/week 1 point 

 Regularly More than 5 behaviors/week 0 point 

 The total scoring range is 0-63 points. High scores mean better sleep promoted 

behaviors than low scores. 

2.1.4. Data collection 

In the present study, the researcher collected data by coordinating with research 

assistants to collect data according to the following steps: 

1) The researcher has used a letter of introduction from the Faculty of 

Graduate Studies, Chiang Mai University, to contact a school in Chiang Mai to ask for 

permission to conduct the study, explain objectives, research procedures and instruments 

in addition to notify and schedule the date for conducting the research in the area. 

2) The researcher has instructed the students and teachers who are research 

assistants to complete the questionnaires and complete questionnaires via electronic mail.  

The researcher has also explained the meaning of each question in the questionnaire. 

 

2.1.5 Data and statistical analysis 

1)  Descriptive Statistics 

1.1) Data has been collected on demographics, health, headache, 

characteristics of sleep and mobile phone use,  all of which have been analyzed by using 

frequency distribution and percent. 

1.2) Data on headache characteristics has been used to classify 

headache types categorized based on ICHD 3 beta. Scores are classified based on the 

WHO guidelines for categorizing headache types by symptom clusters. The first headache 

type classified as migraines and groups are divided by scores where 3=migraines, 

2=potential migraines and scores of less than 2=uncategorized patients. The group with 

scores of less than and equal to 2 points (potential migraine and uncategorized groups 

will be re-calculated in the TTH group) has been calculated for TTH.  The scores are then 

divided by scores where 3=TTH, 2=potential TTH and scores of less than 2, which 

classified as undetermined headache. Groups with scores of 2 points in the prevous 
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migraine group that are not categorized as TTH but are categorized as students in the 

potential migraine group.122-123 

1.3)  After conducting analysis to divide headache types, headache has 

been collected into the following three groups. 

1.3.1) The migraines with potential migraines group are 

classified to the migraines group. 

1.3.2) The TTH with potential TTH group are classified to the 

TTH group. 

1.3.3) Groups that could not be categorized will be classified to 

undetermined headache group. 

The researcher has analyzed for frequency distribution and percent. The 

confidence interval (CI) is 95% and percent of symptom has been compared for each 

variable. 

1.4) The impacts of headaches have been obtained by calculating 

overall scores and analyzing mean maximum, minimum and standard deviation. 

1.5) Data on sleep latency, sleep duration, sleep efficiency, sleeping 

problems, sedative use, impacts of sleep problems on activities/education and sleepiness 

after waking has been analyzed with frequency distribution and percent. Then each 

domain of sleep quality has been calculated into PSQI scores. Analysis has been carried 

out to determine mean, maximum, minimum and standard deviation. The groups are then 

divided by frequency distribution and percent. In addition, the researcher has calculated 

prevalence and a 95% Confidence Interval (95% CI) in order to compare the prevalence 

for each variable. 

1.6)  The scores of data on dozing, anxiety and depression have been 

combined, calculated and divided based on anxiety and depression. Analysis has been 

carried out to determine mean maximum, minimum and standard deviation. 

2) Inferential statistics 

2.1) The methods of calculation has been used to compare frequency 

and mean differences consist of Chi-square, t-test, ANOVA and p-value <0.05. 

2.2) To calculate the risk factors on magnitude of smartphone use, 

demographic data causing headache, headache related to smartphone use and sleep 

quality have been assessed.  Multiple logistic regression has been used to calculate odds 
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ratios (OR) and a 95% confidence interval (95% CI) obtained with p-value <0.05. Factors 

are controlled by adjusting related variables such as demographic data, health data and 

confounding factors. 

2.2 Part 2: Electromagnetic radiation from smartphone and health problem 

Objective 2:  To study determine the effects of smartphones on headache among 

high school students. 

Objective 3:  To study determine the effects of smartphones on sleep quality among 

high school students. 

 The study is an analytic epidemiological prospective study, or a time series study, 

conducted in a group with exposure events and specific outcomes in the form of data sets 

with time orders.189 This is periodic measurement and data showing natural phenomenon 

generally shown based on the order of data.  Furthermore, values can be predicted to 

benefit planning and correction. 

2.2.1 Population and sample group 

The population is composed of the students who participated in stage 1 of the study. 

The 200 samples are composed of grade 10-12 high school students who were selected 

from Stage 1 based on the inclusion and exclusion criteria. 

1)  Inclusion criteria: The subjects have owned at least one smartphone.  

Parents have no history of migraines. Weight to height is not more than the 95th percentile 

based on standard weight criteria showing obesity. The subjects have not worked after 

8:00 p.m. The subjects have no daily health-related behaviors including liquor, coffee or 

tea consumption and smoking.  The subjects have no disease or health problems 

diagnosed by doctors and undergoing treatment. Questionnaires have been used with 

parents or guardians and students on the following topics: hypertension, diabetes mellitus, 

heart disease, severe trauma or brain or neck surgery, seizures, sinusitis, dialysis, 

hypothyroidism, asthma, ear infection and oral diseases such as dislocated jaws, jaw 

deviation, toothache, ataxia, vertigo,  tremor, diplopia, localized seizures, meningitis, 

brain abscess, systemic infections, facial muscle pain, rashes, allergies, eyesight problems 

(myopia, presbyopia, astigmatism, squint-eyed and uncorrected eyesight). Also, 

questionnaires have been used to determine regular medications as treatment for 

hypertension, blood vessels in the brain, occlusions, seizures, heart disease, pain relief, 
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allergy, medications for reducing mucus, narcotic substances, psychiatric problems such 

as attention deficiency, current treatment for Tourette syndrome or tics (abnormalities in 

nervous system development), phobia or inability to eliminate fear from thoughts and 

encounter with psychological traumatic events such as violence, torture, rape, 

abandonment, etc. No sleep disorders are encountered to use questionnaires with parents 

or guardians on the following topics:  hypersomnia, narcolepsy, sleep apnea, sleep 

walking, bed wetting and restless leg syndrome. 

2)   Exclusion criteria 

2.1)  Depression or anxiety was determined by HAD with anxiety or 

depression scores of 11 points and up 

2.2)   Sleep hygiene scores of less than or equal to 20 points 

2.3)   Severe illnesses or injuries 

2.2.2 Research design  

The study is an analytic epidemiological prospective study, or a time series study, 

conducted in a group with exposure events and specific outcomes in the form of data sets 

with time orders.189 This is a periodic measurement and data showing natural 

phenomenon generally shown based on the order of data.  Furthermore, values can be 

predicted to benefit planning and correction. 

2.2.3   Data measurement 

1) The application has been developed to collect smartphone output power on 

Android and IOS operating systems. Smartphones measured output power from 

smartphone antenna to the nearest area and the application has requested access to the 

aforementioned smartphone output power via the program’s framework by setting to save 

every five minutes and transmitting saved data by email to a researcher. The students are 

allowed to delete the data in their computers after they had sent an email.  New data could 

then be saved as shown in the following steps:  
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1.1) Install the signal detector program. 

 
 

1.2)   Click on “setting” to set the tester’s code for the person who will 

use the program in the test 

 

 
 

1.3) Enter the tester’s code 
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1.4)   Click on the “start” button to begin saving data 

 

 
 

1.5)   Click on the “stop” and “send email” buttons to send data. After 

data has been sent, click on the “clear data” button. Then press “start” again. 

 

 
 

 

2) The measurement error  

The thesis has measured the error of output power from smartphones by 

spectrum analyzers which considered as gold standard. The spectrum analyzers measure 

the magnitude of signals within the full frequency range of the instrument. The display of 

a spectrum analyzer is shown on the frequency tab on the horizontal axis. The amplitude 

is displayed on the vertical axis (see Figure 2.2).231 
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Figure 2.2 The signals measurement of spectrum analyzer. 

Source:  AgilentTechnology 

https://www.keysight.com/upload/cmc_upload/All/Spectrum-Analysis-Back-to-Basics-

Jan-2012-rev7-File2.pdf 

 

The diferrent brands of smartphone have different output power, therefore, the same 

error figure has been used to adjust the output power to the same brand of smartphone.  

The measurement error in the study has been conducted in a normal room not a chamber 

room, therefore, the error adjustment might not be accurate. 

3) The data obtained will be calculated by using the following parameters: 

3.1)  The mean of smartphone output power has been collected from 

the measurements taken at five-minute intervals for 15 minutes.18-19,106,108 

3.2)   Smartphone output power has been collected at four periods of 

time consisting of 12:01-6:00 a.m., 6:01 a.m.-12:00 p.m., 12:01-6:00 p.m. and  6:01 p.m.-

12:00 a.m. 

3.3)   The mean of daily dosage data has been collected by applying the 

average time of exposure equation in OET Bulletin 56 of the Federal Communications 

Commission90 as follows: 

 (2mW/cm2) x (3min) + (0mW/cm2) x (3min) = (1mW/cm2) x (6min)       (2) 

 

 By adjusting intensity into mean smartphone output power in the following new 

equation: 

Daily Dose = ∑ (Average Output Power)n x (Duration Time)n𝑛
𝑛=1   (3) 

 

https://www.keysight.com/upload/cmc_upload/All/
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 This equation “n” is the number of minutes measuring the average smartphones 

output power. The duration is the time of measuring smartphone power each time. The 

study has taken measurements every 15 minutes. 

4)   Diaries 

4.1)  The headache diary has been created based on the literature review 

and tested for content validity by three experts. The questions in the diary consist of time 

when headache has begun and finished, symptoms prior to headache, symptoms occurring 

with headache, headache triggers, headache severity, headache solutions, characteristics 

of pain, area of headache, headache side, and telephone conversations by the internet and 

hand-free or speaker phone use. 

4.2)  The sleep diary has been created based on the literature review 

and modified from the sleep diary of the National Sleep Foundation. The sleep diary has 

been tested for content validity by three experts. The questions in the diary consist of 

sleeping and waking times, latency of sleep from when the students slept, number of night 

time awakenings, total sleeping time at night, feelings upon waking up in the morning, 

sleep disturbances, barriers to medication adherence, activities and events from the 

morning to the evening before sleeping such as times and amounts of tea/coffee 

consumption, anxiety and depression, daytime dozing and activities before sleeping.  

 The smartphone usage has been included in the headache diary. 

(1)  Telephone conversations by using internet use such as line, 

etc. 

(2)  Hand-free device and speaker phone use. 

 

2.2.4 Data collection 

Stage 2 of the study has involved to collect data from students who participated in 

stage 1 of the project and have been selected based on set criteria. The students have been 

trained and tested by recording data in headache and sleep diaries. Data collection has 

been prepared as a smartphone application for the students participating in the study. Data 

has regularly been recorded every day over a period of two months (60 days) as follows: 

1)   Every episode of headache has been recorded when it began and finished 

in addition to all headache details. In case there is no headache occurring among the 

students, data has been recorded before sleeping. 
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2)    Data on sleep has been recorded as follows: 

2.1)   Daytime activities have been recorded before sleeping. 

2.2)   Data on sleep has been recorded including sleeping and waking 

times, numbers of awakening, duration of sleep for the entire night, sedative use, and 

feelings after waking in the morning and after arriving at school.  

3)   Data on headache and sleep has been sent by email. The teachers who are 

research assistants have checked the data online in the morning and messaged students 

who do not make records via Line every day. The researcher corrected and scoring 

recorded daily sleep data to sleep latency, sleep duration, sleep efficiency, sleeping 

problems, sedative use, impacts of sleep problems on activities/education and sleepiness 

after waking. Then each domain of sleep quality has been calculated into PSQI scores. 

Sleep loss prevalence was calculated from number of students who had sleep loss <8 

hours, sleep latency >20 min, sleep efficiency ≥85% and poor sleep (sleep quality score 

<5) by the total number of observations who completed a sleep diary. 

4)   Excluded data 

4.1) Incidents in life with severe psychological impacts. 

4.2) Severe illness and admission for hospital treatment. 

2.2.5 Data and statistical analysis 

1)  Descriptive statistics 

1.1) Demographic data, health data, headaches, headache severity, 

types of headache categorized by ICHD 3 beta, sleep quality data, smartphone usage data, 

anxiety and depression have been analyzed by using frequency distribution and percent. 

1.2) Smartphone output radiation is the mean maximum and minimum 

and mean daily output power, which are continuous data collected in a time series.189 

2)   Inferential statistics 

2.1) To compare frequency and mean differences will be calculated by 

using chi-square, t-test and analysis of variance (ANOVA).  

2.2) The relationship between electromagnetic energy from smart- 

phone and dose-response assessments with headache has been measured for headache 

severity,  pain frequency, duration of pain (continuous data), and event of headache  (yes 

or no). In the sleep quality domain,  PSQI and daytime dozing have been measured in 

continuous scores and divided into category data. Data analysis has been conducted by 
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using Generalized Estimating Equations (GEE), which is an extension of the Generalized 

Linear Models (GLM) used for dependent variables with correlated responses because 

data has been collected from the same person. Data in the same cluster (within-subject) 

is correlated. However, data between clusters (between subjects) has to be independent. 

In the analysis, therefore, the correlational structure has set for dependent variables by 

considering from Quasi Likelihood under Independence Model Criterion (QIC) and low 

QIC scores has been selected, which indicate that correlational structure is good and 

correct Quasi-likelihood under Independence Model Criterion (QICC) has been used to 

compare the models under one correlational structure. Low QICC scores indicate that a 

model is fit.232-233 

 

2.2.6 Human ethical approval  

The study was certified by the Institutional Review Board of the Research Ethics 

Committee, Faculty of Medicine, Chiang Mai University on 21 September 2014, and has 

renewed on October 2017. 

The main objectives of the study are subject to explore the relationship of 

smartphone output power on headache and sleep quality among high school students. The 

methodology has been conducted in 2 phase for selecting the subjects and control 

confounder by inclusion and exclusion criteria. The subjects has been asked for recording 

headache and sleep daily and sent smartphone output power by email. The study has used 

GEE for analyzing the correlation of smartphone output power and headache and sleep 

quality. 
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CHAPTER 3 

Result 

3.1 Mobile phone (MP) use and health problem 

Objective 1:  To study the characteristic of mobile phone using, headache symptom 

and prevalence of sleep quality among high school students 

3.1.1 The characteristic of mobile phone using, headache symptom among high 

school students 

 

Use of smartphone, in fact a MP, with mid-range personal computer capacity and 

various application features15-16 ,234 has increased rapidly because this device can serve a 

diversity of needs particularly among teenagers who grow up in the era of modern 

technology. It was estimated by the year 2016 that 26,000 million units of MP would be 

sold worldwide or about 1.4 MP/person.7 In Thailand, the MP market is expected to grow 

at 24.9% annually.10 Roughly 72% of Thai school children aged 6 years old and above 

reportedly owned MP (2012) and trends to increase among the number of young MP 

users.11 The similar study in Singapore (2008) found the rate at 4 4 . 8 % ,175 and that in 

Rayong Province (2014) 89.3%.43 Furthermore, the study in 2011 revealed Thai teenagers 

ranked first in Asia for the length of time talking via MP average 60.7 minutes per day.12 

Previous studies also found the growing extent of headache prevalence and sleep problem 

associated with MP use in teenagers. Prevalence of headache increased122 from 47-82% 

in 2006-201234, 35-39 to 83.1-94% in 2013-201540-42, 44 and sleep problem from 16.9-54.2% 

in 2000-201351, 55, 57-59 increased to 58.7-66% in 2013-2016.53, 60 The investigation on the 

characterisitcs of MP use which give rise to headache and sleep problem in teenage MP 

users can provide useful findings for identifying measures to prevent the health impacts 

from MP use and to assure the safe use of MP. 
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1)  The characteristic of mobile phone using and headache 

Out of the total 1, 422 high school students who are the population of the study, 

1, 058 students have been randomly selected, and 996 (94.1%) responded to the survey 

for the analysis (Fig. 3.1). 

 

 

Figure 3.1 The sampling procedures and sample response flow chart 

Table 3.1  Demographic characteristics of participants presented as percentage unless  

 specified otherwise 

    

Characteristic Grade 10 

N (%) 

Grade 11 

N (%) 

Grade 12 

N (%) 

Total 

N (%) 

Gender 

 Male  

Female 

76 (23.0) 69 (21.6) 107 (30.9) 252 (25.3) 

254 (77.0) 251 (78.4) 239 (69.1) 744 (74.7) 

Age, mean± SD 

Range,  min max 

16.60±0.59  

16-20 

17.66±0.64  

16-20 

18.58±0.55  

16-20 

17.63±1.01  

16-20 

BMI, mean± SD 20.32±4.12 20.63±4.44) 20.92±3.79) 20.63±4.01 

Overweight and obesity 38(11.7) 32(11.0) 30(8.7) 100 (10.1) 

Underlying disease 69 (20.9) 75 (23.4) 75 (21.7) 219 (22.0) 

Medicine using  12 (3.6) 6 (1.9) 5 (1.4) 23 (2.3) 

Vision problem(no correction) 67 (20.3) 57 (17.8) 97 (28.0) 221 (22.2) 

Head or neck injury 1 (0.3) 1 (0.3) 1 (0.3) 1 (0.3)  

Potentially traumatic interpersonal 

events (PTIEs) 

10 (3.0) 8 (2.5) 11 (3.2) 29 (2.9) 

Phobia 21 (6.4) 14 (4.4) 14 (4.0) 49 (4.9) 

Anxiety 6.6±4.4 6.8±4.5 4.5±4.8 6.8±4.6 

Depression 3.5±3.0 3.7±2.7 2.7±2.6 3.5±2.8 

 

Total number of high school students, 1,422 

Sampled from three grades to send them the questionnaire, 1,058 

Students that returned and completed the questionnaire, 966 

 



 

76 

1.1) Demographic characteristics 

Most students are female 74.7% (744) with mean age 17.6±1.0 years old 

(range 16-20) (Table 3.1). The mean body mass index is 20.6±4.0 (85th percentile,  BMI 

in female 26.5-31.5,  male 27-30.5).161 The students with underlying disease,  regular use 

of medicines, and vision problem have accounted for 20.5%, 2.3% and 22.2% 

respectively. The mean scores of anxiety and depression are 6.8±4.6 and 3.5±2.8 

respectively.  

1.2) Characteristic of MP use 

The study has found that almost all of the students or 99.8% have owned MPs, 

with 99.9% being MP and 69.3% with Android and other brand of MP device (Table 3.2). 

The mean age when starting using MP of these students is 12.2±2.0 years old this has 

shown the tendency of the young to start using MP at earlier age of life. The researcher 

has assessed MP use in three natures, conversation, social media (such as Facebook, LINE 

or Skype), and entertainment, and at three levels namely the use at less than 50% meaning 

seldom use and more than and equal to 50% representing regular use. The research has 

found that 80.62% of the students used MP for social media and 46.3% of the students 

used talking mode reported holding MP close to the ear. The use of hand-free or speaker 

phone is similarly assessed at three levels: not use, rarely use if less than 50% and usually 

use if more than or equal to 50%. The research has found that most of the students have 

seldom used of hand-free and speaker phone. Most students have short time durations and 

low frequency talking on MP. The students, 37.7%, have been also reported getting 

burning sensation around their ears during conversations on MPs. 
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Table 3.2 Characteristic of mobile phone use of participants presented as percentage 

Characteristic of MP use N (%) 

MP owner 994 (99.8) 

Smartphone 993 (99.9) 

MP brand  

Apple 281 (30.7) 

Other 634 (69.3) 

Burning sensation   

No  614 (62.3) 

Yes  371 (37.7) 

Mode of MP used ≥50%  

Conversation 492 (49.5) 

Social media (line/Facebook) 801 (80.6) 

Entertainment 788 (79.3) 

MP holding  

Close to ear 631 (63.5) 

Transpose holding 171 (17.2) 

Far from ear 191 (19.2) 

Hand free using  

≥ 50 % (usually) 251 (25.3) 

< 50% (seldom) 448 (45.1) 

No used 294 (29.6) 

On Speaker phone  

≥  50 % (usually) 184 (18.5) 

< 50% (seldom) 459 (46.2) 

No used 350 (35.2) 

Duration time used (min/time)  

<10 min 707 (71.1) 

≥10 min 287 (28.9) 

Frequency used(times/day)  

<5 809 (81.4) 

≥5 185 (18.6) 
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2)   The headache symptom  

2.1)  headache symptom 

The headache symptom in one year is 92.6% (Table 3.3). When excluding co-

morbidity disease of headache, the migraine and probable migraine are about 1.1% and 

11.1% respectively. By type of headache,  the highest is TTH and potential TTH with 

22.0% and 45.4% respectively whereas the MP associated headache (MPAH) symptom 

is 77.7%. MPAH is defined as headache attack during or after MP use. 

Table 3.3 The headache symptom and detail of headache and the 95% confidence 

intervals unless specified otherwise 

    

2.2)  The headache symptom across demographic groups  

The migraine and TTH types of primary headache symptom have been found 

to be highest in the groups of females with underlying diseases,  tea drinking habits, and 

triggers at statistically significant difference level (p<0.05) (Table 3.4). Meanwhile, the 

MPAH symptom is higher in the groups of young students (16-17) without trigger nor tea 

and coffee drinking habit, with abnormal vision and abnormal anxiety,  at statistically 

significant difference level (p<0.05). 

 

Headache Number  %  95 %CI  

Lower  Upper  

Headache   922 92.6 90.8 94.1 

Migraine 10 1.1 0.5 2.0 

Probable migraine 102  11.1 9.1 13.3 

TTH 203 22.0 19.4 24.8 

Probable TTH 419 45.4 42.2 48.7 

Undetermined headache 172  18.7 16.2 21.3 

Headache with underlying 16 1.7 1.0 2.8 

MP  associated Headache  716 77.7 74.8 80.3 

<10 times/year 288 40.2 36.6 43.9 

≥10 times/year 428 59.8 56.1 63.4 

Impact activity/learning 114  13.7 11.4 16.2 

Scores pain of  headache 

(mean± SD) 

3.44±1.885 
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2.3)  The headaches symptom across affected groups  

The migraine headache is high in the groups of students having pain scores 

more than 5 as well as those getting impact on routine activity or learning ability, having 

bad sleep quality and with regular use of medicines,  at statistically significant difference 

level (p<0.05) (Table 3.5). The TTH is high among students who have low score pain, 

with no impact of headache on daily life and learning, and without regular use of 

medicines, with statistically significant difference (p<0.05). The MPAH symptom similar 

to TTH is high among students who have low score pain with no impact of headache, 

with good sleep quality, and without regular use of medicines,  at statistically significant 

difference level (p<0.05). 

2.4) The headache symptom across groups of MP use characteristics 

The research has found that only the TTH which is primary headache is high 

among students who have seldom used of hand free and with ear burning sensation during 

conversation by MP, at statistically significant difference level (p<0.05) (Table 3.6). The 

MPAH symptom is high among students usually used MP for talking, with regular use of 

hand free and speaker phone,  and also with burning sensation,  which is significantly 

different (p<0.05).  

 

 

 

 



 

 

8
0
 

Table 3.4 The headache symptom and their 95% confidence intervals by demographic characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demographic Total Migraine (total=112) p- 

value 

TTH (total=622) p- 

value 

Total MPAH  (total=716) p- 

value Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI 

Age    0.68   0.12    <0.01 

16-17  403 51 (12.7) 9.6-16.3  261 (64.8) 59.9-69.4  400 353 (88.3) 84.7-91.2  

≥18 519 61 (11.8) 9.1-14.8  361 (69.6) 65.4-73.5  511 363 (71.0) 66.9-74.9  

Gender    0.03   0.05    0.56 

Male 222 18 (8.1) 4.9-12.5  138 (62.2) 55.4-68.6  220 176 (80.0) 74.1-85.1  

Female 700 94 (13.4) 11.0-16.2  484 (69.1) 65.6-72.5  691 540 (78.1) 74.9-81.2  

BMI    0.61   0.73    0.10 

Normal 818 101 (12.3) 10.2-14.8  554 (67.7) 64.4-70.9  808 628 (77.7) 74.7-80.5  

Overweigh 95 10 (10.5) 5.2-18.5  66 (69.5) 59.2-78.5  94 80 (85.1) 76.3-91.6  

Underlying  disease    <0.01   0.04    0.55 

No 714 70 (9.8) 7.7-12.2  502 (70.3) 66.8-73.6  706 552 (78.2) 75.0-81.2  

Yes  190 41 (21.6) 16.0-28.1  119 (62.6) 55.3-69.5  187 150 (80.2) 73.8-85.7  

Medicine use    <0.01   0.42    <0.01 

No  626 58 (9.3) 7.1-11.8  417 (66.6) 62.8-70.3  619 514 (83.0) 79.8-85.9  

Yes 296 54 (18.2) 14.0-23.1  205 (69.3) 63.7-74.5  292 202 (69.2) 63.5-74.4  

Vision    0.70   0.95    <0.01 

Normal 711 88 (12.4) 10.0-15.0  480 (67.5) 63.9-70.9  703 533 (75.8) 72.5-78.9  

Abnormal 211 24 (11.4)      7.4-16.5  142 (67.3) 60.5-73.6  208 183 (88.0) 82.8-92.1  
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Table 3.4 (continue)  

 

 

 

 

 

Demographic Total 

N 

Migraine (total=112) p- 

value 

TTH (total=622) p- 

value 

Total 

N 

MPAH  (total=716) p- 

value prevalence 95% CI prevalence 95% CI prevalence 95% CI 

Trigger     <0.01   <0.01    <0.01 

No  94 1 (1.1) 0.03-5.8  18 (19.1) 11.8-26.6  94 92 (97.9) 92.5-99.7  

Yes  828 111 (13.4) 11.1-16.0  604 (72.9) 69.8-75.9  817 624 (76.4) 73.3-79.3  

Tea    <0.01   0.07    <0.01 

No 292 21 (7.2) 4.5-10.8  185 (63.4) 57.5-68.9  290 256 (88.3) 84.0-91.7  

Yes  630 91 (14.4) 11.8-17.4  437 (69.4) 65.6-72.9  621 460 (74.1) 70.4-77.5  

Coffee    0.13   0.06    0.01 

No 657 73 (11.1) 8.8-13.8  431 (65.6) 61.8-69.2  647 524 (81.0) 77.7-83.9  

Yes  265 39 (14.7) 10.7-19.6  191 (72.1) 66.3-77.4  264 192 (72.7) 66.9-78.0  

Anxiety     0.10   0.92    0.03 

Normal  495 52 (10.5) 7.9-13.5  341 (68.9) 64.6-72.9  491 364 (74.1) 70.0-78.0  

Risk-abnormal 337 48 (14.2) 10.7-18.4  231 (68.5) 63.3-73.5  335 270 (80.6) 75.9-84.7  

Depression    0.62   0.26    0.42 

Normal  754 92 (12.2) 1.0-14.8  514 (68.2) 64.7-71.5  748 577 (77.1) 74.0-80.1  

Risk-abnormal 78 8 (10.3) 4.5-19.2  58 (74.4) 63.2-83.6  78 57 (73.1) 61.8-82.5  
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Table 3.5 The headache symptom and their 95% confidence intervals by pain scores and impact of headache 

 

 

 

 

 

Pain scores and 

impact of headache 

 Total 

N 

Migraine (total=112) p- 

value 

TTH (total=622) p- 

value 

Total 

N 

MPAH  (total=716) p- 

value Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI 

Pain scores      <0.01   <0.01    0.04 

≤5 785 8.4 6.6-10.6  69.6 66.2-72.8   776 79.8 76.8-82.5  

>5 137 33.6 25.7-42.1  55.5 46.7-64.0  135 71.9 63.5-79.2  

Impact of headache to 

activity/learning 
  

 <0.01   <0.01 
   

0.05 

No  882 11.5 9.4-13.7  68.6 65.4- 71.6  871 78.1 75.2-80.8  

Yes 40 27.5 14.6-43.9  42.5 27.0-59.1  40 90.0 76.3-97.2  

PSQI    0.03   0.27    <0.01 

Bad sleep 471 14.6 11.6-18.2  69.9 65.5-74.0  466 73.4 69.1-77.4  

Good sleep 438 9.8 7.2-13.0  66.4 61.8-70.9  432 83.8 80.0-87.1  

Medicine use    <0.01   0.42    <0.01 

No 626 9.3 7.1-11.8  66.6 62.8-70.3  619 83.0 79.8-86.0  

Yes 296 18.2 14.0-23.1  69.3 63.7-74.5  292 69.2 63.5-74.4  
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Table 3.6 The headache symptom and their 95% confidence intervals by characteristics of MP use 

 

 

 

 

Characteristic of  

MP use 

Total 

N 

Migraine (total=112) p- 

value 

TTH (total=622) p- 

value 

Total 

N 

MPAH  (total=716) p-

value Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI 

Mode of MP use ≥50%   0.76   0.12    <0.01 

Talking  460 58 (12.6) 9.7-16.0  299 (65.0) 60.4-69.4  454 385 (61.7) 81.2-88.0  

Non talking 394 47 (11.9) 8.9-15.5  276 (70.1) 65.3-74.5  329 239 (38.3) 67.9-77.0  

MP holding    0.63   0.07    0.86 

Near to ear 588 73 (12.4) 9.9-15.4  381 (64.8) 60.8-68.7  580 453 (78.1) 74.5-81.4  

Far from ear 179 18 (10.1) 6.1-15.4  129 (72.1) 64.9- 78.5  179 141 (78.8) 72.0-84.5  

Transpose 152 20 (13.2) 8.2-19.6  110 (72.4) 64.5- 79.3  151 121 (80.1) 72.9-86.2  

Hand free use    0.70   0.02    0.03 

No 265 35 (13.2) 9.4-17.9  181 (68.3) 62.3-73.9  263 196 (74.5) 68.8-79.7  

<50 421 51 (12.1) 9.2-15.6  299 (71.0) 66.4-75.3  417 325 (77.9) 73.6-81.8  

≥50 233 25 (10.7) 7.1-15.4  140 (60.1) 53.5-66.4  230 194 (84.3) 19.0-88.8  

Speaker phone use    0.58   0.12    0.02 

No 315 40 (12.7) 9.2-16.9  217 (68.9) 63.5-74.0  311 240 (77.2) 72.1-81.7  

<50 430 54 (12.6) 9.6-16.1  297 (69.1) 64.5-73.4  427 326 (76.3) 72.0-80.3  

≥50 174 17 (9.8) 5.8-15.2  106 (60.9) 53.2-68.2  172 149 (86.6) 80.6- 91.3  
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Table 3.6 (continue)  

Characteristic of  

MP use 

Total 

N 

Migraine (total=112) p- 

value 

TTH (total=622) p- 

value 

Total 

N 

MPAH  (total=716) p- 

value Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI 

Duration of MP 

use/time (min) 

 
  

0.70 
  0.41    

0.84 

≤30 807 97 (12.0) 9.9-14.5  540 (66.9) 63.5-70.2  798 628 (78.7) 75.7-81.5  

≥30 113 15 (13.3) 7.6-20.9  80 (70.8) 61.5-79.0  113 88 (77.9) 69.1-85.1  

Frequency of MP 

use/day (time) 

 
  

0.67 
  

0.35    0.37 

<10 871 107 (12.3) 10.2-14.7  584 (67.0) 63.8-70.2  862 680 (78.9) 76.0-81.6  

≥10 49 5 (10.2) 3.4-22.2  36 (73.5) 58.9-85.1  49 36 (73.5) 58.9-85.1  

Burning sensation    0.38   0.04    <0.01 

No 557 64 (11.5) 9.9-14.4  389 (69.8) 65.8-73.6  195 409 (73.6) 69.7-77.2  

Yes 357 48 (13.4) 10.1-17.4  226 (63.3) 58.1-68.3  355 307 (86.5) 82.5-89.9  
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3) The characteristic of mobile phone use affects to headache symptom (MPAH) 

The characteristics of headache have been defined based on ICHD-III criteria 

regarding to frequency and attack duration,  pain characteristic,  pain form,  time of pain 

attack,  side and area of pain (Table 3.7). The research has found that higher MPAH 

symptom occurred among students with short time pain, pulsing and tightening, unstable 

increased or decreased of pain, and undetermined form of pain,   pain mostly in the 

morning,  one side headache and pain at occipital and frontal areas,  p<0.05. The higher 

MPAH symptom also occurs among students with low severity of pain scores had 

significantly, p<0.05. 

Table 3.7 The mobile phone associated headache (MPAH) symptom by characteristics 

of headache 

Characteristic of  headache Total 

N 

MPAH <10 

times/year 

MPAH ≥10 

times/year 

MPAH 

Total 

p-value 

Frequency pain/year     0.26 

 <5 times/month 796 243 (30.5) 378 (47.5) 621 (78.0)  

 ≥5 times/month 115 45 (39.1) 50 (43.5) 95 (82.6)  

Duration pain     <0.01 

 Short time (second) 478 149 (31.2) 252 (52.7) 401 (83.9)  

 5min - 4 hrs. 394 126 (32.0) 158 (40.1) 284 (72.1)  

 >4 hrs. 39 13 (33.3) 18 (46.2) 31 (79.5)  

Characteristic of pain     0.03 

 Pulsing 515 151 (29.3) 262 (50.9) 413 (80.2)  

 Tightening 166 62 (37.3) 74 (44.6) 136 (81.9)  

 Dull and other 230 75 (32.6) 92 (40.0) 167 (72.6)  

Model of pain     <0.01 

 Short period 207 45 (45.0) 55 (55.0) 100 (48.8)  

 Instable pain 377 142 (45.4) 171 (54.6) 313 (84.4)  

 Continuous pain 129 59 (49.0)  49 (51.0) 96 (75.6)  

 Undetermined pain 209 54 (26.1) 153 (73.9) 207 (99.5)  

Period of time pain     <0.01 

 Morning after wake up 215 86 (40.0) 98 (45.6) 184 (85.6)  

 During day and after 

school 

164 62 (37.8) 72 (43.9) 134 (81.7)  

 Undetermined  time and 

other 

532 140 (26.3) 258 (48.5) 398 (74.8)  
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Table 3.7 (continue)  

 

Characteristic of  headache Total MPAH <10 

times/year 

MPAH ≥10 

times/year 

MPAH 

Total 

p-value 

Size of pain     0.03 

 One size 272 98 (36.0) 129 (47.4) 227 (83.4)  

 Two size 261 73 (28.0) 126 (48.3) 199 (76.3)  

 Transpose 236 71 (30.1) 103 (43.6) 174 (73.7)  

 Other 142 46 (32.4) 70 (49.3) 116 (81.7)  

Area pain     <0.01 

 Occipital 163 67 (41.1) 75 (46.0) 142 (87.1)  

 Parietal 499 152 (30.5) 236 (47.3) 388 (77.8)  

 Frontal 137 39 (28.5) 77 (56.2) 116 (84.7)  

 Other 112 30 (26.8) 40 (35.7) 70 (62.5)  

 

4)  The factor of MP using and mobile phone associated headache (MPAH) 

To control the confounding effects, the research has conducted a statistical test to 

evaluate the relationship between various factors and found no interaction effect on 

them. Additional computation has been adjusted the effects of such potential 

confounders as demographic characteristics, use of medical stimulants, health risk 

behavior, and characteristics of MP use. The adjusted odds ratio indicates that the 

students using MP in talking mode regularly are 1.7 times (95% CI: 1.16-2.51) more 

likely to experience MPAH than those doing otherwise (Table 3.8). Similar to our 

findings, ear burning sensation has a strong link with MPAH (ORadj2.43; 95% CI: 1.58-

3.72) while age is the highest risk factor as MP users at younger age are 4.07 times more 

likely than those at older age to get MPAH (ORadj4.07; 95% CI: 2.64-6.26) and the vision 

problem also has significant effect on MPAH (ORadj2.22; 95% CI: 1.33-3.69). 

Meanwhile on the contrary, the students with regular use of medicines, risk behavior 

toward health and poor sleep quality are less likely to have MPAH as reflected by the  

adjusted odds ratios of these factors at 0.58 (95% CI: 0.39-0.86), 0.33 (95% CI: 0.16-

0.69) and 0.53 (95% CI: 0.35-0.79) with p<0.05, respectively. 
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Table 3.8   Odds ratio (OR) of MPAH and their 95% confidence intervals for each factor 

adjusted for all other factors using logistic regression 

 

Adjusted by age, gender, BMI, underlying disease, drug use, PTIEs, phobia, risk behavior, type of headache, anxiety, 

depression , MP mode, MP holding, hand free use, speaker phone, duration of MP use, frequency of MP use. 

3.1.2 The characteristic of mobile phone using, prevalent of sleep quality 

among high school students 

1)  The characteristic of mobile phone using and sleep quality 

 1.1)  Characteristic of sleep quality 

 The sleep characteristics of teenagers,  the result has been found that most 

students have delayed sleep and waked up which showed sleep after 10 pm and waked up 

after 5 a.m., sleep loss (Table 3.9). The difficult sleep, inefficient sleep, wakes up during 

night and morning sleepiness has shown 4.9,  6.1,  18.8 and 22.4 respectively. The PSQI 

( Pittsburg Sleep Question Index),  sleep hygiene and doze mean scores are 4.8±2.9,  34 

3±8.1 and 3.1±2.8, in normal range. The prevalence of poor sleep quality is 50.5 and sleep 

characteristics are significantly difference during grade level, p<0.05.  

 

 

 

Factor 

 

Total 

 

MPAH  

% 

Crude 

OR 

Adjusted 

OR 

95%CI p-

value Lower Upper 

Typical  used of MP mode       

Talking/  Non-talking 454/391 84.8/ 72.6 2.1 1.71 1.16 2.51 <0.01 

Burning sensation          

Yes/  No 355/ 556 86.5/ 73.6 2.3 2.43 1.58 3.72 <0.01 

Age          

16-17/ ≥18 511/ 400 88.3/ 71.0 3.1 4.07 2.64 6.26 <0.01 

Vision        

Abnormal / Normal 208/ 703 88.0/ 75.8 2.34 2.22 1.33 3.69 <0.01 

Drug use        

Yes / No 292/ 619 69.2/ 83.0 0.46 0.58 0.39 0.86 <0.01 

Risk behavior        

Yes/  No 755/ 156 75.4/ 94.2 0.19 0.33 0.16 0.69 <0.01 

PSQI        

Bad/  Good sleep  quality 466/ 432 73.4/ 83.8 0.53 0.53 0.35 0.79 <0.01 
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Table 3.9 Characteristic of sleep of participants presented as percent by grade level. 

Sleep characteristics Grade level Total 95% CI 

 Level 10 Level 11 Level 12  Lower-Upper 

>10.00 p.m. 158(48.9)* 185(58.4)* 199(58.9)* 542(55.4) 52.2-58.6 

>5.00 a.m. 227(70.3) ** 221(69.7) ** 276(81.7) ** 724(74.0) 71.2-76.8 

Wake up at night 69(21.0) 65(20.5) 51(15.0) 185(18.8) 16.4-21.4 

Latency sleep >30 min 7(2.2) * 23(7.3) * 18(5.3) * 48(4.9) 3.6-6.5 

Sleep loss <8 208(64.4) * 233(73.5) * 221(65.4) * 662(67.7) 64.7-70.6 

Efficiency sleep <75 27(8.4) * 10(3.2) * 23(6.8) * 60(6.1) 4.7-7.8 

Morning sleepiness 57(17.4) ** 97(30.6) ** 66(19.5) ** 220(22.4) 19.8-25.1 

Poor  Sleep 152(46.5) ** 191(60.3) ** 153(45.1) ** 496(50.5) 47.3-53.6 

Impact activity and learning 216 (66.1) ** 240(75.7) ** 178(52.5) ** 634(64.5) 61.4-67.5 

Doze, mean: SD 304(3.1±2.7) 295(3.7±3.0) 258(2.5±2.6) 857(3.1±2.8)  

PSQI scores, mean: SD 327(4.8±2.9 ) ** 317(5.5±2.7) ** 339(4.3±2.8) ** 983(4.8±2.9)  

Sleep hygiene scores,  

mean: SD 
306(34.1±8.6) ** 301(35.6±6.3) ** 258(32.8±9.0) ** 865(34 3±8.1) 

 

Depression scores,         

mean: SD 
302(3.5±3.0) 301(3.7±: 2.7) 295(3.5±2.6) 898(3.5±2.8) 

 

Anxiety scores,  mean: SD 303(6.6±:4.41) 301(6.8±4.5) 295(7.2 ±4.8) 899(6.8±4.6)  

*p-value <0.05    ** p-value <0.01   

 

1.2)  PSQI score across demographic groups 

The higher PSQI scores are found in female those with underlying disease, 

drug use, history of phobia and potentially traumatic interpersonal events (PTIEs) (Table 

3.10). The higher PSQI scores are also found in students having migraine headache and 

correlate with anxiety and depression scores, therefore, the students with risk behavior, 

which are significantly difference (p<0.05) (Table 3.11).  
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Table 3.10 PSQI score of participants compared by demographic data presented as 

  mean and standard deviation unless specified otherwise 

 

Demographic data Total 

N 

PSQI scores p-value 

Mean SD 

Age    0.40 

16-17 423 4.91 2.88  

≥18 560 4.75 2.86  

BMI    0.76 

Normal 878 4.83 2.82  

Overweigh 100 4.74 3.22  

Vision    0.16 

Normal 766 4.75 2.78  

Abnormal 217 5.06 3.16  

Phobia     <0.01 

No 934 4.75 2.84  

Yes  49 6.06 3.03  

Headache type    <0.01 

Migraine 112 5.60 2.91  

TTH  620 5.01 2.79  

Unidentified 161 4.14 3.00  

Gender    <0.01 

Male 246 4.24 2.83  

Female 737 5.01 2.85  

Underlying  disease    <0.01 

No 912 4.73 2.81  

Yes  69 5.91 3.43  

Drug use    <0.01 

No  676 4.48 2.88  

Yes 307 5.55 2.69  

PIETs    <0.01 

No 954 4.74 2.84  

Yes  29 7.24 2.87  

Sleep behavior 864 r= .006  0.86 

Anxiety 897 r= .162  <0.01 

Depression 896 r= .162  <0.01 
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Table 3.11 PSQI score of participants compared by risk behavior presented as mean and 

standard deviation unless specified otherwise 

Risk behavior Total 

N 

PSQI scores p-value 

Mean SD 

Tea drink    <0.01 

No 308 4.06 3.00  

Yes  675 5.16 2.74  

Energy drink    <0.01 

No 788 4.60 2.79  

Yes  195 5.69 3.02  

Coffee drink    <0.01 

No 699 4.53 2.84  

Yes  284 5.53 2.80  

Diet    <0.01 

No 429 3.90 2.83  

Yes  554 5.53 2.69  

 

2) The characteristic of mobile phone using and prevalence of poor sleep quality 

The PSQI is composed of quantity and quality sleep domain. The component of the 

quantity sleep domains, the higher prevalence of difficult to sleep, sleep loss, inefficient 

sleep has shown among students without hand free use,  burning sensation around ear, 

long time duration time of MP use more than and equal to 30 min and frequency more 

than and equal to 10 times (Table 3.12). The higher prevalence of sleep problem (waking 

at night) has been shown among students with MP talking mode use which is significantly 

difference (p<0.05). 

The component of the quality sleep domains, the higher prevalence of feeling 

morning sleepiness has been found among students with long time duration of MP use 

and ear burning sensation from MP use (Table 3.13). Therefore, the higher prevalence of 

poor sleep (PSQI≥5) has found that among students with MP talking mode, long time 

duration time of MP use, Android system and MP use at night. Finally, the result has 

shown higher PSQI score among students with drug use, impact activity and learning 

included correlated with doze score (r=0.39), which is significantly difference (p<0.05) 
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Table 3.12 Prevalence of sleep quantity domain presented as percent and their 95% confidence intervals by characteristic of MP use 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristic of  

MP use 

Total 

N 

Sleep latency ≥30 min 

(47) 

p-value Sleep duration ≤8 hrs. 

(661) 

p-value Efficiency sleep <75% 

(55) 

p-

value 

Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI 

Mode of MP use ≥50%   0.47   0.07   0.10 

Talking  478 21 (4.4) 2.7-6.6  317 (66.3) 61.9-70.5  35 (7.3) 5.2-10.0  

Non talking 424 23 (5.4) 3.4-8.0  305 (71.9) 67.4-76.2  20 (4.7) 2.9-7.2  

MP holding    0.24   0.30   0.25 

Near to ear 616 34 (5.5) 3.9-7.6  417 (67.7) 63.8-71.4  43 (7.0) 5.1-9.3  

Transpose 169 4 (2.4) 0.6-5.9  108 (63.9) 56.2-71.1  6 (3.6) 1.3-7.6  

Far from ear 190 9 (4.7) 2.1-8.8  136 (71.6) 64.6-77.9  11 (5.8) 2.9-10.1  

Hand-free use    0.05   0.70   0.41 

No 290 20 (6.9) 4.3-10.5  194 (66.9) 61.2-72.3  15 (5.2) 2.9-8.4  

Yes 685 27 (3.9) 2.6- 5.7  467 (68.2) 64.5-71.7  45 (6.6) 4.8-8.7  

Speaker phone use    0.82      0.35 

No 347 16 (4.6) 2.7-7.4  237 (68.3) 63.1-73.2  18 (5.2) 3.1-8.1  

Yes 628 31 (4.9) 3.4-6.9  424 (67.5) 63.7-71.2  42 (6.7) 4.9-8.9  

Duration of MP use/time (min)   0.12   0.02   0.05 

<30 859 38 (4.4) 3.1-6.0  571 (66.5) 63.2-69.6  48 (5.6) 4.1-7.3  

≥30 117 9 (7.7) 3.6-14.1  90 (76.9) 68.2-84.2  12 (10.3)  5.4-17.2  
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Table 3.12 (continued)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristic of  

MP use 

Total 

N 

Sleep latency ≥30 min  

(47) 

p-value Sleep duration ≤8 hrs. 

(661) 

p-value Efficiency sleep <75% 

(55) 

p-value 

Prevalence 95%CI Prevalence 95%CI Prevalence 95%CI 

Frequency of MP use/day  (time)  0.23   0.71   0.01 

<10 929 43 (4.6) 3.4-6.2  628 (67.6) 64.5-70.6  53 (5.7) 4.3-7.4  

≥10 47 4 (8.5) 2.4-20.4  33 (70.2) 55.1-82.7  7 (14.9) 6.2-28.3  

MP use at night    0.70   0.01   0.01 

No 268 15 (5.6) 3.2-9.1  178 (66.4) 60.4-72.0  8 (3.0) 1.3-5.8  

Yes 532 28 (5.3) 3.5-7.5  364 (68.4) 64.3-72.4  41 (7.7) 5.6-10.3  

Device system    0.79   0.12   0.86 

IOS 279 13 (4.7) 2.5-7.8  182 (65.2) 59.3-70.8  16 (5.7) 3.3-9.1  

Android and other 630 32 (5.1) 3.5-7.1  444 (70.5) 66.7-74.0  38 (6.0) 4.3-8.2  

Burning sensation    0.09   0.04   0.06 

No 608 35 (5.8) 4.0-7.9  397 (65.3) 61.4-69.1  31 (5.1) 3.5-7.2  

Yes 359 12 (3.3) 1.7-5.8  257 (71.6) 66.6-76.2  29 (8.1) 5.5-11.4  
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Table 3.13   Prevalence of sleep quality domain and their 95% confidence intervals by characteristic of MP use 

  

 

 

Characteristic of 

MP use 

Total 

N 

Sleep problem (618) p-

value 

Total 

N 

Morning sleepiness p-

value 

Poor sleep p-

value 

Prevalence 95% CI  Prevalence 95% CI Prevalence 95% CI 

Mode of MP use ≥50%  <0.01    0.13   <0.01 

Talking  490 280 (57.1) 52.6-61.6  480 102 (21.3) 17.7-25.2  222 (46.3) 41.7-50.8  

Non talking 428 295 (68.9) 64.3-73.3  427 109 (25.5) 21.5-29.9  246 (57.6) 52.8-62.3  

MP holding    0.03    0.37   0.31 

Near to ear 629 374 (59.5) 55.5-63.3  619 130 (21.0) 17.9-24.4  311 (50.2) 46.2-54.3  

Transpose 171 111 (64.9) 57.3-72.0  171 44 (25.7) 19.4- 33.0  80 (46.8) 39.1-54.6  

Far from ear 191 133 (69.6) 62.6-76.0  190 45 (23.7) 17.8-30.4  104 (54.7) 47.4-62.0  

Hand-free use    0.26    0.36   0.26 

No 292 190 (65.1) 59.3-70.5  293 60 (20.5) 16.0-25.6  156 (53.2) 47.4-59.1  

Yes 699 428 (61.2) 57.5-64.9  687 159 (23.1) 20.0-26.5  339 (49.3) 45.5-53.2  

Speaker phone use    0.81    0.85   0.87 

No 350 220 (62.9) 57.6-67.9  350 77 (22.0) 17.8-26.7  178 (50.9) 45.5-56.2  

Yes 641 398 (62.1)     58.2-65.9  630 142 (22.5) 19.3-26.0  317 (50.3) 46.3-54.3  

Duration of MP use/time (min)   0.14    0.01   <0.01 

<30 874 538 (61.6) 58.2-64.8  863 181 (21.0) 18.3-23.8  421 (48.8) 45.4-52.2  

≥30 118 81 (68.6) 59.5-76.9  118 38 (32.2) 23.9-41.4  74 (62.7) 53.3-71.4  
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Table 3.13 (continue)  

 

Characteristic of 

MP use 

Total Sleep problem (618) p-

value 

Total Morning sleepiness p-

value 

Poor sleep p-

value Prevalence 95%CI  Prevalence 95%CI Prevalence 95%CI 

Frequency of MP 

use/day(time) 
  0.86 

 
  0.13 

 
 0.41 

<10 943 589 (62.5) 59.3-65.6  933 204(21.9) 19.3-24.7  468(50.2) 46.9-53.4  

≥10 49 30(61.2)  46.2-74.8  48 15(31.3) 18.7-46.3  27(56.3) 41.2-70.5  

MP use at night    0.11    <0.01   <0.01 

No 270 160(59.3) 53.1-65.2  269 53(19.7) 15.1-25.0  117(43.5) 37.5-49.6  

Yes 533 351(65.9) 61.7-69.9  535 121(22.6) 19.1-26.4  295(55.1) 50.8-59.4  

Some 230 157(68.3) 61.8-74.1  231 35(15.2) 10.8-20.4  117(50.6) 44.0-57.3  

Frequent 303 194(64.0) 58.3-69.4  304 86(28.3) 23.3-33.7  178(58.6) 52.8-64.1  

Device system    0.32    0.19   <0.01 

IOS 281 174(61.9) 56.0-67.6  280 57(20.4) 15.8-25.6  117(41.8) 35.9-47.8  

Android and other 632 413(65.3) 61.5-69.1  634 154(24.3) 21.0-27.8  355(56.0) 52.0-60.0  

Burning sensation    0.35    0.03   0.22 

No 612 391(63.9) 60.0-67.7  613 124(20.2) 17.1-23.6  301(49.1) 45.1-53.1  

Yes 371 226(60.9) 55.7-65.9  359 94(26.2) 21.7-31.1  191(53.2) 47.9-58.5  
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3) The PSQI and impact of sleep  

The result has shown higher PSQI score among students with medicine use, impact 

activity and learning included correlated with doze score (r=0.39),  which is significantly 

difference (p<0.05) (Table 3.14). 

Table 3.14 PSQI scores compared by impact of sleep 

Impact of Sleep Total 

N 

PSQI scores 

mean ±SD 

p-value 

Impact  activity   0.01 

No 177 5.3±2.0  

Yes 268 7.3±2.5  

Medicine use   0.01 

No 947 4.7±2.8  

Yes 36 8.5±3.1  

Impact  learning   0.01 

No 180 4.7±2.0  

Yes 401 6.7±2.5  

Doze scores  856 r =0.386** 0.01 

** p-value <0.01     

4) The factor of mobile phone using and poor sleep quality 

To control the confounding effects, the research has conducted a statistical test to 

evaluate the relationship between various factors and found no interaction effect on them. 

Additional computation has been adjusted the effects of such potential confounders as 

demographic characteristics, use of medical, health risk behavior, and characteristics of 

MP use. The factors of MP used have associated to PSQI in quantity domain,  sleep loss 

is frequently MP use at night ORadj1.88: 95% CI; 1.21-2.93 and inefficient sleep is long 

duration time of MP talking ORadj2.76: 95% CI; 1.39-5.48 (table 3.15). The factors of MP 

have associated to PSQI in quality domain,  morning sleepiness is frequently MP use at 

night ORadj1.86: 95% CI; 1.16-2.99. While the factor of long duration time of MP talking 

and device system associated to poor sleep (PSQI scores ≥5) ORadj1.60: 95%CI; 1.09-

2.34 and ORadj1.57: 95% CI; 1.08-2.27. 
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Table 3.15 Odds ratio (OR) of sleep quality component and their 95% confidence 

intervals for each factor adjusted for all other factors using logistic 

regression 

Adjusted by age, gender, BMI, underlying disease, drug use, PTIEs, phobia, risk behavior, type of headache, anxiety, 

depression , MP mode, MP holding, hand free use, speaker phone, duration of MP use, frequency of MP use, burning 

sensation. 

 

 

Figure 3.2  Factors contributing to poor sleep  presented as odds ratio adjusted for age, gender, 

BMI, underlying disease, PTIEs, phobia, risk behavior, type of headache, MP mode, 

MP holding, hand free use, speaker phone, frequency of MP use, burning sensation, 

using multiple logistic regression 

Factor of MP use 

 

Total 

N 

PSQI 

% 

Crude 

OR 

Adjusted 

OR 

95%CI p-

value Lower Upper 

PSQI: Quantity domain  

Aspect   sleep latency ≥30 min   

Hand free use: No/ Yes 290/ 685 6.9/3.9 1.81 2.40 1.190 4.820 0.01 

Aspect duration of sleep <8 hr.  

MP use at night: frequent/some 302/ 230 73.5/61.7 1.72      1.88 1.21 2.93 <0.01 

Aspect   efficiency sleep < 75%   

Duration  talking : >10/ <10 283/ 693 9.2/ 4.9 1.961 2.76 1.390 5.478 <0.01 

PSQI :  Quality domain   

Aspect sleepy after wake up   

MP use at night: frequent/no 304/ 269 28.3/19.7 1.608 1.86 1.160 2.992 0.01 

PSQI: Poor sleep 

Device system: other/Apple   634/ 280 56.0/41.8 1.77 1.57 1.08 2.27 0.02 

Duration of MP talking: >10/ <10 286/ 695 62.2/45.6 1.965 1.60 1.09 2.34 0.02 
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The factors of medicine use, anxiety and depression have associated with poor sleep 

ORadj1.54: 95% CI; 1.06-2.25,  ORadj1.08: 95% CI; 1.01-1.17 and ORadj1.08:95% CI; 

1.03-1.13 respectively (Figure 3.1) In Addition, The result has shown factor of risk 

behavior has the strongest associated with poor sleep ORadj2.95: 95% CI, 1.71-5.09.  

Table 3.16 Odds ratio (OR) of doze and their 95% confidence intervals for each factor 

adjusted for all other factors using logistic regression 

 

Adjusted by age, gender, BMI, underlying disease, drug us, risk behavior, anxiety, depression, MP mode, MP 

holding, hand free use, speaker phone, duration of MP use, frequency of MP use. 

Finally,  the result has shown poor sleep associated with doze ORadj9.03: 95% CI, 

2.72-29.94, p<0.01 (Table 3.16). 

3.2 Electromagnetic radiation from smartphone and health problems 

Objective 2:  To study the correlation between smartphone output power and headache 

among high school students 

3.2.1 The correlation between smartphone output power and headache 

among high school students 

Out of the total 996 high school students who are the population for questionnaire 

interviews in the first phase of the study, 200 students have been selected by inclusion 

and exclusion criteria as studied subjects. 

 

Factor Total 

(N) 

Doze 

% 

Crude 

OR 

Adjusted 

OR 

95%CI p-value 

Lower Upper 

PSQI: Good sleep 420 1.20 1     

PSQI: Bad sleep 436 8.30 7.47 9.03 2.723 29.935 <0.01 
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Figure 3.3 The sampling procedure and sample response flow chart 

The 200 samples have been asked to record headache and sleep quality by a 

smartphone application to measure smartphone electromagnetic radiation (SER) in terms 

of smartphone output power (SOP) by another application daily sent via email daily. As 

the information has been sent daily for 60 days, there will be totally 12,000 observations. 

However, during the information collection process in the first week, 10 samples have 

withdrew from the study because they have loaded with homework and class reports, so 

they cannot afford the time for recording and sending the information; 15 samples do not 

have the devices as their parents have taken away their smartphones; 17 samples have 

failed to send information about SOP; and 13 samples are removed by the researcher from 

participating in the study because they failed to keep record at the determined time and 

the researcher cannot get a hold of them. To fill in the missing information, the researcher 

has extended the time for information collected from 60 days to 120 days. Finally 12,696 

observations are obtained from totally 145 students and specifically from 84 samples have 

kept record and sent information for 90-120 days, 54 samples who have kept for 60-90 

days, 7 samples have kept the records less than 60 days, and one who has recorded only 

35 days. The data and information have been provided by the 145 samples for descriptive 

statistical analysis of demographic data as presented below. 

1) Demographic characteristics of participants 

The study has found that the majority of the samples are female, 17.4 years old on 

the average age (Table 3.17) with normal body mass index and normal eye sight as normal 

health condition is also a criterion for participants’ selection. All of them are reported in 

Total number of high school students, 1,422 

Sampled from three grades to send them the questionnaire, 1,058 

Students that returned and completed the questionnaire, 966 

Students were selected to 2nd phase by inclusion and exclusion criteria, 200 
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the percentage of smartphone uses and 13.4% indicate to have headache (Table 3.18) with 

average duration headache of 3.2± 3.7 min, average frequency headache of 1.7± 1.6 

time/day, and average pain score of 3.2± 1.9. In most cases, the headache is of tension 

type or TTH, 74.1%, followed by migraine and unidentified types at 9.0% and 16.9% 

respectively. The headache has taken place in the morning, at noon, and in the evening 

for 32.1%,  30.2%, and 32.4% of the participants respectively, while only 5.3% have got 

headache at night time. 

 

Table 3.17  Demographic characteristics of participants presented as percentage      unless 

specified otherwise. 

 

Demographic N (%) 

Gender  

Female 129 (89.0) 

Male 16 (11.0) 

BMI  

Abnormal 13 (9.0) 

Normal 132 (91.0) 

Vision problem  

Abnormal 26 (17.9) 

Normal 119 (82.1) 

Age                         Mean ±SD   17.36±0.95 Max: 19.00  Min: 16.00 
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Table 3.18 Characteristics of headache of participants presented as percent. 

Variable N (%) 

Headache  

Yes  1705 (13.4) 

No 10991 (86.6) 

Headache type  

Migraine 153 (9.0) 

TTH 1264 (74.1) 

Undetermined 288 (16.9) 

Morning headache  

Yes  547 (32.1) 

No 1158 (67.9) 

Evening headache  

Yes  553 (32.4) 

No 1152 (67.6) 

Nocturnal headache  

Yes  90 (5.3) 

No 1615 (94.7) 

 

2) Smartphone output power (SOP) 

Table 3.19 Smartphone output power (SOP) by cycle time and daily dose. 

Variable N Minimum Maximum Mean Standard deviation 

Sum Nocturnal dose 12696 0 1.54703000 0.0010027961 0.01452703607 

Sum Morning dose 12696 0 0.60338196 0.0011027388 0.00644747700 

Sum Daytime dose 12696 0 0.36942911 0.0011809051 0.00618567980 

Sum evening dose 12696 0 0.4080357 0.001072926 0.0065726714 

Daily dose 12696 0.00000009 1.54872780 0.0020833594 0.01623557023 

The data on smartphone output power has been adjusted considering the value of 

error measured from each device brand to normalize the value for all device brands. Unit 
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transformation has been made from dBm into mW for aggregating SOP value of each of 

the four time periods (6 hours), morning time 6:01-12:00 a.m., daytime 12:01-18:00 p.m., 

evening time 18:01-24:00 p.m. and nocturnal time 0:00-6:00 a.m. The SOP values of each 

day are aggregated into daily dose which is by average 2.08±16.2x10-3mW (Table 3.19). 

Apparently, average smartphone output power is the highest during daytime 1.18x           

10-3mW followed by morning time 1.1x10-3mW while the lowest during nocturnal 

time1.0x10-3mW. However, the maximum value of SOP occurs during 

nocturnaltime1.55mW. Furthermore, the obtained data has been managed for analysis in 

dose-response framework to understand the relationship between SOP and headache. 

Consequently the data has been arranged into appropriate groups in the same manner as 

those used for probit analysis (probit regression).235-236 The observations on smartphone 

output power are set into 100 groups, and in each group they are arranged in the lowest 

value to the highest value order and each of them will be accompanied with the 

information on the number of samples exposed to it and the number of samples with 

headache. Any sample with exposure of SOP and headache in a group will not be 

recounted in the next group.  The percent is then calculated for samples with exposure of 

SOP and headache in each group.  All the results are presented in Figure 3.4. Figure 3.5 

shows the correlation of SOP and proportional headache symptom in a reverse dose-

response. The correlation of the proportional headache symptom and SOP in 15th-20th 

group has been decreasing. These data are useful for dividing groups of SOP for 

correlation analysis by GEE method. 
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Figure 3.4 Smartphone output power100 groups 

 

Figure 3.5 Proportion of headache by 100 groups of smartphone output power 
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The SOP observations are then divided into three ranged groups: equal and less than 

1.79, 1.8-1.99, and equal and more than 2.0x10-5mW (Table 3.20). The most common 

range of SOP to which the samples exposed was found at ≥2.0x10-5mW, 80.6% of the 

observations, during all periods of the day but mostly during the evening. SOP in range 

of 1.8-1.99x10-5mW has appeared the least prevalent, only 2.4% of the observations, 

taking place mostly during nocturnal time. SOP in the range of ≤1.79x10-5mW, 31.4% of 

the observations, correspond to smartphone use in the morning. Previous studies indicated 

most teenagers, 62-72%, used advanced smartphone in the evening and at night, after 

9:00 p.m. and during 00:00-3:00 a.m., and 34-55% of the use were for texting, social 

media64, 82, 237-238, and 24% for playing games.82 

 

Table 3.20 Smartphone output power group by cycle time and daily dose 

Output power (x 10-5mW) 

daily dose 

N (%) 

Morning 

N (%) 

Daytime  

N (%) 

Evening 

N (%) 

Nocturnal 

N (%) 

≤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) 

 

The study on the relationship between SOP and headache has involved the details 

concerning headache event, duration and pain score, frequency of headache in a day, type 

of headache, and time period of the day getting the headache. 

2) Relationship between SOP and headache 

In this section of study, headache has been investigated in terms of headache 

symptom, duration and pain score, and one-day frequency of headache. The results of the 

factors of age,  anxiety,  PSQI,  internet use,  and hand-free use have relationship with 

headache event (Table 3.22), long duration of headache (>4 hr.) (Table 3.23),  frequency 

of headache (Table 3.24), and pain score (Table 3.25). Hand-free use and Internet use 

have the strongest association with headache (ORadj3.22; 95% CI: 2.25-4.62 and 

ORadj2.45; 95% CI: 1.94-3.10), long duration of headache (ORadj3.03; 95% CI: 1.74- 5.27 

and ORadj2.06; 95% CI: 1.75-3.32) ,  severe headache (ORadj3.20; 95% CI: 2.21-4.63 and 

ORadj2.29; 95% CI: 1.87-2.80) and frequency of headache (ORadj3.17; 95% CI: 2.23-4.49 

and ORadj1.98; 95% CI: 1.57-2.49).The study has also found that smartphone output 
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power in the range of 1.80-1.99x10-5mW can cause 1.84, 1.95, and 1.55 times greater 

likelihood risky for headache event,  severe headache and frequent headache to occur, 

respectively. Meanwhile SOP in the range of ≤1.79x10-5mW can pose 1.54 time greater risk 

for long duration of headache (95% CI: 1.08-2.19) to occur compare to the range of ≥2.00x   

10-5mW  

The study on the impact of MFR on headache has assumed the exist lag (or delayed) 

effects of SOP on headache symptom. The temporal dimension has added in the study 

addressed two types of delayed effects taking place in different time intervals namely:  1) 

6-hour lag after exposure implying there are three lag in a day, and  2) one-day or 24-hour 

lag after exposure meaning that there are six lag in a week. Lag_5 of daily smartphone 

output power have affected to the frequency of headache and pain score, ORadj6.89 % CI: 

1.64-28.98 and ORadj7.59 % CI: 2.02-28.44, as dose-response relationship (Table 3.21). 

 

Table 3.21 Odds ratio (OR) of headache symptom and their 95% confidence intervals 

 for each factor and lag dose adjusted for all other factors using GEE 

 

Parameter Exp.(B) 

95% CI for Exp.(B) p-

value 

Correlation 

structure QIC QICC Lower Upper 

Frequent pain        

Lag_5 7.576 2.018 28.444 0.003 Exchangeable 10721.426 10654.986 

Lag_5 6.761 1.451 31.497 0.015 AR1 10730.914 10652.525 

Pain score        

Lag_5 6.894 1.640 28.980 0.008 AR1 19480.688 19362.260 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, and Brand device 
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Table 3.22 Odds ratio (OR) of headache symptom and their 95% confidence intervals 

for each factor and daily dose adjusted for all other factors using GEE 

(AR1,QIC=8397.22, QICC=8366.53) 

 

  

 Factor 

Headache symptom Crude 

OR 

Adjusted 

OR 

95% CI  p-

value Yes No Lower Upper 

Age, mean ±SD 17.1±0.9 17.4±1.0 0.75 1.33 1.19 1.49 <0.01 

Anxiety score,  

mean ±SD 
2.4±2.7 1.7±2.4 1.11 1.08 1.04 1.13 <0.01 

PSQI score, mean ±SD 4.0±2.2 3.6±2.0 1.08 1.05 1.02 1.09 <0.01 

Total 1705 10990      

Internet  use: Yes/ No  1416: 11280 22.2:  12.3 1.98  2.45  1.94 3.10 <0.01 

Hand-free use               

  No/ Frequent 10477: 951 14.1: 7.8 2.38 3.22 2.25 4.62 <0.01 

  Sometime/  Frequent 1268: 951  12.0: 7.8  1.76 1.92 1.24 2.97 <0.01 

Dose group (x10-5mW)               

  1.80-1.99/  ≥200 186: 10567  18.3: 13.1 2.01 1.84 1.20 2.81 <0.01 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP.  

 

Table 3.23  Odds ratio (OR) of duration time of headache and their 95% confidence 

intervals  for each factor and daily dose adjusted for all other factors using 

GEE (AR1, QIC=3473.75, QICC=3458.362) 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP.  

 

Factor 
Duration pain Crude 

OR 

Adjusted 

OR 

95% CI p-

value >4 hr. <4 hr. value Upper 

Age,  mean ±SD 17.1±0.9 17.4±1.0 1.45 1.48 1.26 1.74 <0.01 

Anxiety score,  mean ±SD 2.6±2.8 1.8±2.4 1.10 1.10 1.05 1.15 <0.01 

Total 460 12236           

Factor Total Duration 
Crude 

OR 

Adjusted 

OR 

95% CI 
p- 

value 
  pain >4 hr. 

% 
Lower Upper 

Internet  use : Yes/ No  1416: 11280 6.5:3.3  2.06 2.41 1.75 3.32 <0.01 

Hand-free use          

No:  Frequent 10477: 951 3.9: 1.7  2.33 3.03 1.74 5.27 <0.01 

Dose group (x10-5mW)               

≤1.79/  ≥2.00 1943:10567 4.9: 3.4  1.60 1.54 1.08 2.19 0.02 
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Table 3.24  Odds ratio (OR) of frequent headache and their 95% confidence intervals for 

each factor and daily dose adjusted for all other factors using GEE (AR1, 

QIC=10672.19 QICC=10572.75) 

 

Factor Total Correlation 

frequent pain (r) 

Crude 

OR 

Adjusted 

OR 

95% CI p-

value 
Lower Upper 

Age  12691 0.085** 0.702 0.69 0.621 0.774 <0.01 

Anxiety score  12691 0.085** 1.12 1.11 1.08 1.14 <0.01 

PSQI score   12691 0.042** 1.06 1.04 1.00 1.07 0.03 

Lag_5 dose (mW)  12691                0.002 2.81 7.58 2.02 28.44 <0.01 

Internet  use: Yes/ No 1416/11280 0.4±0.9/ 0.2±0.8 1.76 1.98 1.57 2.49 <0.01 

Hand-free use               

  No/ Frequent 10477/ 951  0.2±0.8/ 0.1±0.5  2.64 3.17 2.23 4.49 <0.01 

  Sometime/ Frequent 1268/ 951 0.2±0.9/ 0.1±0.5 2.10 2.14 1.31 3.48 <0.01 

Dose group(x10-5mW)               

  1.80-1.99/ ≥2.00 186/ 10567  0.3±0.7/ 0.2±0.8 1.92 1.55 1.13 2.15 <0.01 

** p-value=0.01       

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 
 

Table 3.25 Odds ratio (OR) of pain scores and their 95% confidence intervals for each 

factor and daily dose adjusted for all other factors using GEE (AR1, 

QIC=19288.47 QICC=19144.93). 

 

Factor Total 
Correlation 

score pain (r) 

Crude 

OR 

Adjusted 

OR 

95% CI p-

value Lower Upper 

Age  12696 0.078** 0.78 0.78 0.71 0.86 <0.01 

Anxiety score  12696 0.106** 1.12 1.08 1.05 1.12 <0.01 

Depression score   
12696 0.083** 1.10 1.04 1.01 1.07 0.03 

PSQI score   12696 0.065** 1.08 1.06 1.03 1.09 <0.01 

Lag_5 dose (mW)   12696 0.004 1.76 6.89 1.64 28.98 <0.01 

Internet  use: Yes / No 1416/ 11280 0.77±1.8/ 0.38±1.2  2.0 2.29 1.87 2.80 <0.01 

Hand-free use               

  No/ Frequent 10477/ 951  0.44±1.3/ 0.23±0.9  2.55 3.20 2.21 4.63 <0.01 

  Sometime/ Frequent 1268/ 951 0.40±1.3/ 0.23±0.9 2.02 2.11 1.40 3.17 <0.01 

Dose group(x10-5mW)               

  1.80-1.99/ ≥2.00 186/ 10567 0.63±1.6/ 0.41±1.3  2.26 1.95 1.42 2.69 <0.01 

** p-Value=0.01  
 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 
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3) Relationship between smartphone output power and headache type 

The study has found that the factors of age, anxiety, depression, PSQI, internet use, 

and hand-free use have correlated with tension type headache (TTH) (Table 3.27) while 

age,  anxiety,  internet use,  and hand-free use have correlated with migraine (Table 3.28) 

and undetermined headache (Table 3.29). Apparently, hand-free use and internet use have 

the strongest association with TTH ( ORadj3.72; 95% CI: 2.49-5.56 and ORadj2.15; 95% 

CI: 1.75-2.64) ,  migraine ( ORadj3.96; 95% CI: 1.21-12.87and ORadj2.06; 95% CI: 1.20-

3.51) and undetermined headache (ORadj1.92; 95% CI: 1.11-3.29 and ORadj2.33; 95% CI: 

1.71-3.19) . The study has found that SOP in 1.80-1.99x10-5mW range is the risk factor 

for undetermined headache, and those in the range of ≤1.79 and 1.80-1.99x10-5mW are 

riskier than that the range of ≥2.00x10-5mW for migraine to occur. However, TTH does 

not occur as a response to SOP at any ranges of exposure.  Meanwhile, Lag_6 of daily 

SOP exposure has produced migraine effect in reverse dose-response manner (Table 

3.26). 

 

Table 3.26 Odds ratio (OR) of headache type and their 95% confidence intervals for 

each factor and lag dose adjusted for all other factors using 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, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device. 
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Table 3.27 Odds ratio (OR) TTH type and their 95% confidence intervals for each 

 factors and daily dose adjusted for all other factors using GEE (AR1,

 QIC=6959.62, QICC=6935.18). 

 

Factor 
TTH Crude 

OR 

Adjusted 

OR 

95% CI p-

value Yes No Lower Upper 

Age mean ±SD 17.2±0.9 17.4±1.0 1.26 1.26 1.12 1.42 <0.01 

Anxiety score mean ±SD 2.3±2.6 1.8±2.4 1.11 1.08 1.04 1.12 <0.01 

Depression score mean ±SD 
1.8±2.5 1.4±2.2 1.10 1.05 1.02 1.08 <0.01 

PSQI score  mean ±SD 4.0±2.1 3.6±2.1 1.06 1.04 1.01 1.08 0.02 

Total 1264 11432          

Internet  use: Yes/ No 1416/ 11280 16.0/ 9.2 1.73 2.15 1.75 2.64 <0.01 

Hand-free use              

  No/ Frequent 10477/ 951 10.5/ 5.2 2.90 3.72 2.49 5.56 <0.01 

  Sometime/ Frequent 1268/ 951 8.8/ 5.2  2.25 2.43 1.55 3.80 <0.01 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 

 

 

Table 3.28  Odds ratio (OR) of migraine type and their 95% confidence intervals for 

each factors and daily dose adjusted for all other factors using GEE (AR1, 

QIC=1314.86, QICC=1309.60) 

 

Factor 
Migraine headache Crude 

OR 

Adjusted 

OR 

95% CI p- 

Yes No Lower Upper value 

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  (x 10-3mW),  

mean ±SD 
0.72±1.4 2.1±16.3 6.3x10-44 1.11x10-38 4.55 x10-69 2.69x10-8 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 (x10-5mW)               

 ≤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, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 
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Table 3.29 Odds ratio (OR) of undetermined headache and their 95% confidence 

intervals for each factor and daily dose adjusted for all other factors using 

GEE (AR1, QIC=3303.33, QICC=3289.53) 

Factor 
Undetermined headache Crude Adjust 95% CI p- 

Yes No OR OR Lower Upper value 

Age,  mean ±SD 17±0.9 17.4±1.0 1.49 1.49 1.26 1.76 <0.01 

Anxiety score, mean ±SD 2.8±2.9 1.8±2.4 1.12 1.12 1.07 1.17 <0.01 

Total 441 12255      

Internet  use: Yes/ No 1416/ 11280  6.2/ 3.1 2.07 2.33 1.71 3.19 <0.01 

Hand-free use:          

No/ Frequent 10477/ 951 3.6/ 2.6 1.50 1.92 1.11 3.29 0.02 

Dose group (x10-5mW)        

1.80-1.99/ ≥2.00 186/ 10567 5.4/ 3.3 2.82 2.32 1.23 4.34 <0.01 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 

4) Relationship between smartphone output power and time cycle headache 

Age, anxiety, depression, PSQI, internet use, and brand device have been associated 

with nocturnal headache (Table 3.31), morning headache (Table 3.32), daytime headache 

(Table 3.33), and evening headache (Table 3.34).  Internet use and brand device strongly 

related to nocturnal headache ( ORadj2.14; 95% CI: 1.07-4.25 and ORadj2.33; 95% CI: 

1.08-5.05),Not using hand-free and internet use will have strong association with morning 

headache ( ORadj2.62; 95% CI: 1.59-4.32and ORadj1.91; 95% CI: 1.44-2.54) ,  daytime 

headache (ORadj3.01; 95% CI: 1.67-5.42 and ORadj1.88; 95% CI: 1.39-2.55) and evening 

headache (ORadj3.02; 95% CI: 1.67-5.49 and ORadj2.62; 95% CI: 1.93-3.56). 

Smartphone output power in the range of ≤1.79x10-5mW is related to daytime and 

evening headache (ORadj1.52; 95% CI: 1.10-2.11 and ORadj2.60; 95% CI: 1.36-4.97. The 

relationship between morning headache and SOP (ORadj194.11; 95% CI: 1.22-30821.27) 

will appear in the form of dose-response.  Furthermore, the study has found daytime 

Lag_2 of SOP in the range of 1.80-1.99x0-5mW to have strong association with nocturnal 

headache (ORadj5.18; 95% CI: 3.44-7.81) compared the range of   ≥2.00x10-5mW. Lag_6 

daily SOP has the relationship with nocturnal headache in the form of reverse dose-

response. 

On delay effect of time cycle smartphone output power, the study has found that 

nocturnal Lag_1of SOP in the range of ≥2.00x10-5mW will have 2.35 times higher risk 
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for morning headache ( 95% CI:1.12-4.94)  (Table 3.30);morning Lag_1of SOP in the 

range of 1.80-1.99x10-5mW will have 1.79 times greater risk for daytime headache (95% 

CI: 1.03-3.12); while daytime Lag_1of SOP in the range of ≤1.79x10-5m W and the range 

of ≥2.00x10-5mW ranges have posed 1.76 and 1.70 times respectively greater risk for 

evening headache  ( 95% CI: 1.36-4.97 and 95% CI: 1.38-4.86) . The delay effect Lag_5 

of daily SOP has 9.96 times greater risk for daytime headache to occur ( 95% CI: 1.28-

77.43) and Lag_4 has 4.53 times greater risk for evening headache to take place (95% CI: 

1.06-19.38) in the form of dose response relation. 

 

Table 3.30 Odds ratio (OR) of time cycle headache and their 95% confidence intervals 

for each factor and lag dose adjusted for all other factors using GEE 

 

Parameter Exp.(B) 
95% CI p-

value 

correlation 

structure 
QIC QICC 

Lower Upper 

Nocturnal headache       

Lag_1 7.415E-51 1.122E-100 0.490 0.05 Exchangeable 921.611 913.392 

Lag_4 7.608E-38 9.118E-73 0.006 0.04 Exchangeable 921.819 914.458 

Lag_6 7.335E-40 2.899E-82 1855.887 0.07    

Lag_6 1.032E-39 9.147E-74 1.165E-05 0.03 Exchangeable 921.492 914.215 

Lag_2(12-18 p.m.) 5.184 3.441 7.809 <0.01 AR1 899.919 895.279 

Morning headache       

Lag_1(24-6 am) 2.354 1.121 4.944 0.024 AR1 3860.341 3846.285 

Daytime headache       

Lag_5 4.983 0.286 86.730 0.271    

Lag_5 9.960 1.281 77.432 0.028 Exchangeable 3603.135 3593.614 

Lag_6 3.246E-13 7.472E-24 0.014 0.021 AR1 3618.691 3611.250 

Lag_1 (6-12 p.m.) 1.792 1.029 3.123 0.039 AR1 3594.202 3581.771 

Evening headache        

Lag_4 4.527 1.058 19.375 0.042 Exchangeable 3987.845 3976.577 

Lag_1  

(12-18 p.m.) 

 

2.218 1.037 4.745 0.040 

AR1 

  

3971.210 3953.953 
2.086 1.051 4.142 0.036 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 
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Table 3.31 Odds ratio (OR) of nocturnal headache (24:00-6:00 a.m.) and their 95% 

 confidence intervals for each factor and daily dose adjusted for all other 

 factors using GEE (AR1, QIC=899.92, QICC=895.28) 

 

Factor 

 

Nocturnal headache Crude 

OR 

Adjusted 

OR 

95% CI p-

value Yes No Lower Upper 

Age, mean ±SD 16.9±0.8 17.4±1.0 1.76 1.68 1.1 2.4 <0.01 

Lag_6 dose(x 10-3mW), 

 mean ±SD 
0.8±1.7 2.1±16.0 1.84x10-35 1.03x10-39 9.15x10-74 1.17x10-5 0.03 

 90 12600           

Internet  use: Yes/ No 1416/11280  1.5/0.6 2.13 2.14 1.07 4.25 0.03 

Brand device         

Other / Apple 9170/ 3526 0.8 / 0.4 2.40 2.33 1.08 5.05 0.03 

Daytime dose group (x10-5mW)             

  1.80-1.99 /≥2.00 79/ 9896 5.1/ 0.7 6.97 5.18 3.44 7.81 <0.01 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 

 

Table 3.32 Odds ratio (OR) of morning headache (6:00-12:00 a.m.) and their 95% 

confidence intervals for each factor and daily dose adjusted for all other 

factors using GEE (AR1, QIC=3863.46, QICC=3847.87) 

Factor 
Morning headache Crude 

OR 

Adjusted 

OR 

95% CI p-

value Yes No Lower Upper 

Age, mean ±SD 17.1±0.9 17.4±0.1 1.34 1.33 1.14 1.56 <0.01 

Anxiety score, mean ±SD 2.4±2.7 1.8±2.4 1.10 1.10 1.05 1.14 <0.01 

Morning  dose (x10-3mW),  

mean ±SD 
1.3±5.0 1.1±7.0 

14.10 194.11 1.22 30821.27 0.04 

Total 441 12255      

Internet  use: Yes/ No  1416/11280  6.4/ 4.1 1.59 1.91 1.44 2.54 <0.01 

Hand-free use:          

No/ Frequent 10477/ 951 4.6/ 2.9 2.11 2.62 1.59 4.32 <0.01 

Nocturnal dose group (x10-5mW)              

 ≥2.00/ 1.80-1.99 7646/ 226 4.5/ 2.2 2.40 2.35 1.12 4.94 .024 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 
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Table 3.33 Odds ratio (OR) of daytime headache (12:00 a.m.-18:00 p.m.) and their 95% 

confidence intervals for each factor  and  daily dose adjusted for all other 

factors using GEE (AR1, QIC=3581.55, QICC=3566.90) 

 

Factor 
Daytime headache Crude 

OR 

Adjusted 

OR 

95% CI p-

value Yes No Lower Upper 

Age, mean ±SD 17.1±0.9 17.4±1.0 1.34 1.33 1.13 1.55 <0.01 

Anxiety score, mean ±SD 2.4±2.7 1.8±2.4 1.09 1.08 1.04 1.14 <0.01 

PSQI score,  mean ±SD 4.2±2.1 3.6±2.1 1.11 1.09 1.04 1.15 <0.01 

Lag_5 dose (x 10-3mW),  

mean ±SD 
2.1±14.0 2.0±16.0 3.44 9.96 1.28 77.43 0.03 

Total 515 12176           

Internet  use: Yes/ No  1416/ 11280  6.4/ 3.8 1.66 1.88 1.39 2.55 <0.01 

Hand-free use               

  
No/ Frequent 10477/ 951  4.2/ 2.2  2.48 3.01 1.67 5.42 <0.01 

  Sometime/ Frequent 1268/ 951  4.0/ 2.2 1.96 2.07 1.07 3.99 0.03 

Daytime  dose group (x10-5mW)               

  ≤1.79/ ≥2.00 2303/ 9896 4.8/ 3.9 1.46 1.52 1.10 2.11 0.01 

Morning Dose group (x10-5mW)               

  1.80-1.99/ ≥2.00 120 /9710 5.8/ 4.0 1.58 1.79 1.03 3.12 0.04 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP.  
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Table 3.34 Odds ratio (OR) of evening headache (18:00 p.m.-24:00 a.m.) and their 95% 

confidence intervals for each factor and daily dose adjusted for all other 

factors using GEE (AR1, QIC=3969.12, QICC=3950.87) 

Factor 
Evening headache Crude Adjusted 95% CI p- 

Yes No OR OR Lower Upper value 

Age, mean ±SD 17.2±0.9 17.4±1.0 1.18 1.17 1.01 1.35 0.03 

Depression score, mean ±SD 2.5±2.6 1.8±2.4 1.11 1.07 1.00 1.13 0.04 

Lag_4 dose (x 10-3mW),  

mean ±SD 
2.4±11.0 2.1±16.0 2.95 4.53 1.06 19.38 0.04 

Total 553 12139           

Internet  use: Yes/ No  1416/ 11280  7.9/ 3.9 2.21 2.62 1.93 3.56 <0.01 

Hand-free use               

  No/ Frequent 10477/ 951  4.6/ 2.3 2.25 3.02 1.67 5.49 <0.01 

  Sometime/ Frequent 1268/ 951 3.9/ 2.3 1.91 2.04 1.05 3.97 0.04 

Evening dose group (x10-5mW)        

 ≤1.79/ 1.80-1.99 2648/ 301 4.8/ 2.0  2.48 2.60 1.36 4.97 <0.01 

 ≥2.00/ 1.80-1.99 9747/ 301 4.3/ 2.0 2.36 2.59 1.38 4.86 <0.01 

Daytime dose group  

(x10-5mW) 
    

          

  ≤1.79/ 1.80-1.99 2303/ 79  4.1/ 2.5 1.76 2.60 1.36 4.97 0.04 

  ≥2.00/ 1.80-1.99 9896 79 4.4/ 2.5 1.70 2.59 1.38 4.86 0.04 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and SOP. 

5) Time cycle headache and headache type 

Table 3.35 Time cycle headache by headache type 

 

TTH symptom is found mostly in all time periods compare to other headache type 

and as evening headache (83.2%). The migraine is the most symptoms as nocturnal 

headache (12.2%) (Table 3.35). 

 

  

Time cycle headache 
Headache type Total 

N (%) Migraine N (%) TTH N (%) Unidentified N (%) 

Morning headache 61(11.2) 382(69.8) 104(19.0) 547(32.1) 

Daytime headache 60(11.7) 360(69.9) 95(18.4) 515(30.2) 

Evening  headache 21 (3.8) 460(83.2) 72(13.0) 553(32.4) 

Nocturnal  headache 11(12.2) 62(68.9) 17(18.9) 90(5.3) 
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The study has concluded that headache symptom has associated with the factors of 

age, anxiety, depression, PSQI, internet use and hand-free use and dose of output power 

in range of 1.80-1.99x10-5mW. On dose-response, smartphone output power has been 

found to have delay effects on headache symptom in both dose-response and reverse dose-

response natures. 

Objective 3: To study the correlation of smartphone output power and sleep quality of 

high school students. 

3.2.2 The correlation of smartphone output power and sleep quality of high 

school students. 

1) Sleep characteristics of participants 

Table 3.36 Characteristic sleep of participants presented as percentage. 

Variable N Minimum Maximum Mean ±SD 

Time to bed 12696 5.00 p.m. 8.13 p.m. 24.26±2.0 

Time wake up 12696 1.00 a.m. 23.35p.m. 8.04±2.27 

PSQI score 12696 0 12 3.7±2.1 

Duration time sleep 12696 0.30 hours 16  hours 7.4± 1.7 

Efficiency sleep 12696 22.9% 100% 95.4 ± 7.1 

 

The study on the relationship between SOP and sleep quality has found that most 

participating high school students go to bed and wake up late and their average sleep 

quality score is 3.7±2.1 (Table 3.36). Sleep problems in terms of difficult falling asleep 

( >20 min) and lack of habitual sleep efficiency have been found only 8.2% and 8.5% of 

the participants, respectively (Table 3.37). Meanwhile, 52.9% have sleep loss (<8hrs.), 

29.7% have problems about frequent waking up during sleep, 23.9% have problems about 

feeling sleepy after getting up in the morning, 32.1% have poor sleep, 52.1% have poor 

sleep hygiene, 48.3% drinking 1 to 5 cups of coffee a day, and 27.9% using MP before 

going to bed. 
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Table 3.37 Characteristic sleep quality of participants presented as percentage. 

Sleep quality  N (%) 

Difficult sleep (min)  

>20  1036 (8.2) 

≤20 11660 (91.8) 

Sleep loss (hrs.)  

<8 6717 (52.9) 

≥8 5979 (47.1) 

Efficiency sleep  

<85% 1078 (8.5) 

≥85% 11618 (91.5) 

Wake up at night  

Yes 3777 (29.7) 

No 8919 (70.3) 

Morning sleepiness  

Sleepy 3037 (23.9) 

Fresh 9659 (76.1) 

PSQI  

    Poor sleep 4071 (32.1) 

    Good sleep 8625 (67.9) 

Doze  

Yes 9313 (73.4) 

No 3383 (26.6) 

Bad hygiene sleep  

Yes 6613 (52.1) 

No 6083 (47.9) 

Coffee or tea drink in day  

0 6547 (51.6) 

1-5 6137 (48.3) 

>5 12 (0.1) 

MP USE @NIGHT  

Yes 3542 (27.9) 

No 9154 (72.1) 

 

The study on the relationship between SOP and sleep quality has considered sleep 

quality in two aspects: quantity and quality with the findings presented below  
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2) Relationship between smartphone output power and sleep quality in quantitative 

aspect.  

Difficult getting asleep has associated with internet use, hand-free use (Table 3.39). 

Anxiety,  depression, headache had relationship with sleep loss (Table 3.40).  Headache, 

coffee drink,  hand-free use and bad sleep hygiene have contributed to sleep problems 

(Table 3.42),  and the factor of coffee drinking will have strong association with sleep 

problems ORadj2.92; 95% CI: 1.31-6.54. 

Daily dose, evening SOP in range of ≤1.79x10-5mW and nocturnal SOP in range of 

1.80-1.99x10-5mW have1.71, 2.19 and 1.90 times respectively stronger relationship with 

difficult sleep while daily dose, evening and nocturnal smartphone output power in range 

of ≥2.00x10-5mW have 1.32,  1.34 and 1.41 times respectively stronger relationship with 

sleep loss than their effects in range of ≤1.79 x10-5mW (Table 3.40). The inefficient sleep 

has responded to daily SOP in range of ≤1.79 and ≥2.00x10-5mW which is 4.54 and 3.81 

times respectively stronger response than what happens in range of 1.80-1.99x10-5mW 

(Table 3.41). Additionally, daily and nocturnal SOP in range of ≥2.00x10-5mW appear to 

have 1.26 and 1.6 times respectively stronger relationship with sleep problems compare 

to their effects in the other two ranges while daily SOP in in range of ≤1.79 and ≥2.00x 

10-5mW has been found to have 4.54 and 3.81 times respectively stronger relationship 

with inefficient sleep than that in range of 1.80-1.99x10-5mW range. 

Morning Lag_1 in range of ≤1.79x10-5mW and ≥2.00x10-5mW have 3.41 and 2.32 

times ( 95% CI: 1.50-7.75 and 95% CI: 1.11-4.86)  respectively stronger link age with 

difficult sleep. Lag_6 daily dose has found the relationship with difficult sleep in the 

nature of reverse dose-response. Meanwhile, morning Lag_2 and daytime Lag_1 in range 

of ≥2.00x10-5mW range are at 1.60 and 1.36 times respectively relationship with sleep 

loss. The relationship between Lag_4 daily dose and sleep loss has been found in the form 

of reverse dose-response. Morning Lag_2 in in range of ≥2.00x10-5mW will appear to 

have 1.69 times strong relationship with sleep problems compares to in range of 1.80-

1.99x10-5mW. (Table 3.38) 
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Table 3.38  Odds ratio (OR) of sleep quality and their 95% confidence intervals for each 

factor and Lag dose adjusted for all other factors using GEE  

  

Parameter Exp.(B) 
95% CI p-

value 

Correlation 

structure 
QIC QICC 

Lower Upper 

Latency sleep        

Lag_1 1.329E-15 1.564E-28 0.011 0.02 AR1 6449.132 6410.726 

Lag_5 1.076E-16 1.870E-29 0.001 0.01 AR1 6446.205 6408.567 

Lag_6 1.044E-12 1.155E-21 0.001 0.01 AR1 6452.448 6415.747 

Lag-2  

(6-12 a.m.) 

2.324 1.112 4.857 0.03 AR1 6431.641 6364.360 

3.413 1.503 7.753 <0.01    

Sleep loss        

Lag_4 0.003 1.156E-05 0.885 0.05 Exchangeable 15260.212 15229.724 

Lag_2 (6-12a.m.) 1.599 1.108 2.306 0.01 AR1 15068.060 14971.740 

Lag_1 

(12-18 p.m.) 
1.355 1.036 1.771 0.03 

AR1 
15094.968 15003.199 

Sleep problem        

Lag_2(6-12a.m.) 1.685 1.170 2.426 0.01 Exchangeable 13193.475 13082.964 

Poor sleep        

Lag_5 0.001 9.935E-07 0.822 0.04 exchangeable 13683.315 13614.371 

Lag_2 (6-12 a.m.) 
1.484 1.046 2.106 0.03 

exchangeable 
13638.242 13544.390 

Lag_1(12-18 p.m.) 1.479 1.009 2.167 0.05 exchangeable 13615.496 13537.590 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand 

free use, Brand device, SOP. 

 

Table 3.39  Odds ratio (OR) of sleep difficulty and their 95% confidence intervals for 

each factor and daily dose adjusted for all other factors using GEE (AR1, 

QIC=6404.39, QICC=6336.22). 

 

Factor 

Sleep difficulty 

(>20 min) 
Crude 

OR 

Adjusted 

OR 

95% CI  

Yes No Lower Upper p-value 

Lag_6dose (x 10-3mW), 

mean ±SD 
1.0±3.0 2.2±17.0 9.90 x10-13 1.04x10-12 1.16x10-21 1x10-3 <0.01 

Total 1036 11654      

Internet  use: Yes/ No 1416/ 11280 9.5/ 8.0 1.13 1.21 1.00 1.47 0.05 

Hand-free use No / Yes 
10477/ 2219 8.5/ 6.4 1.25 1.31 1.05 1.64 0.02 

Dose group (x10-5mW)               

  ≤1.79/ 1.80-1.99 1943/ 186 11.1/ 10.8 1.80 1.71 1.12 2.63 0.01 
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Table 3.39 (continue) 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand 

free use, Brand device, SOP.  

 

Table 3.40  Odds ratio (OR) of sleep loss and their 95% confidence intervals for each 

factor and daily dose adjusted for all other factors using GEE (Exchangeable, 

QIC=15141.01, QICC=15054.85)  

 

Factor 

Sleep loss <8 hr. 
Crude 

OR 

Adjusted 

OR 

95% CI  

Yes No Lower Upper 
p-

value 

Anxiety score, mean ±SD 2.1±2.6 1.5±2.2 1.05 1.06 1.02 1.11 <0.01 

Depression score, mean ±SD 1.7±2.4 1.2±2.0 1.08 1.04 1.00 1.08 0.04 

Lag_4 dose (x 10-3mW),  

mean ±SD 
1.7±7.0 2.4±22.0 0.003 0.003 1.16x10-5 0.89 0.05 

Total 6717 5979           

Headache: Yes/ No 1705/ 10991 57.0/ 52.3 1.21 1.16 1.03 1.31 0.02 

Daily dose group (x10-5mW)               

  ≥2.00/ ≤1.79 10567/ 1943 53.8/ 48.5 1.30 1.32 1.08 1.60 <0.01 

Evening dose group  (x10-5mW)       

 ≥2.00/ ≤1.79 9747/ 2648  53.8/ 50.2  1.13 1.34 1.02 1.77 0.04 

Nocturnal dose (x10-5mW)               

  ≥2.00//≤1.79 7646/ 3597  55.6/ 47.7 1.27 1.41 1.09 1.82 <0.01 

Morning dose group (x10-5mW)             

  ≥200/ 180-199 9710/ 120 54.9/ 41.7 1.44 1.60 1.11 2.31 0.01 

Daytime dose group (x10-5mW)            

  ≥2.00//≤1.79 9896/ 2303 54.5/ 47.7 1.32 1.36 1.04 1.77 0.03 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand 

free use, Brand device, SOP.  

Factor 

Sleep difficulty 

(>20 min) 
Crude 

OR 

Adjusted 

OR 

95% CI  

Yes No Lower Upper p-value 

Evening dose group (x10-5mW)              

  ≤1.79/ 1.80-1.99 2648/301  11.9/ 6.6 2.13 2.19 1.01 4.71 0.05 

Nocturnal dose group (x10-5mW)       

 1.80-1.99/ ≥2.00 226/ 7646 15.0/ 7.6 1.93 1.90 1.20 3.03 <0.01 

Morning  dose group (x10-5mW)              

  ≥2.00/  1.80-1.99 9710/ 120  7.7/ 3.3 2.33 2.32 1.11 4.86 0.03 

  ≤1.79/ 1.80-1.99 2479/ 120 10.6/ 3.3 3.43 3.41 1.50 7.75 <0.01 
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Table 3.41  Odds ratio (OR) of inefficient sleep and their 95% confidence intervals for 

each factor and daily dose adjusted for all other factors using GEE (exchange, 

QIC=6297.93, QICC=6275.83) 

Factor Total 

inefficient 

sleep% 

Crude 

OR 

Adjusted 

OR 

95% CI  p-

value Lower Upper 

Daily dose group (x 10-5mW) 

  ≤1.79/ 1.80-1.99 1943/ 186 11.8/ 3.8 4.51 4.54 3.33 6.20 <0.01 

  ≥2.00/ 1.80-1.99 10567/ 186  8.0/ 3.8 3.79 3.81 2.59 5.60 <0.01 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand 

free use, Brand device, SOP. 

 

Table 3.42  Odds ratio (OR) of sleep problem and their 95% confidence intervals for each 

factor and daily dose adjusted for all other factors using GEE (exchange, 

QIC=13194.68, QICC=13085.02) 

Factor Total 
Sleep 

problem% 

Crude 

OR 

Adjusted 

OR 

95% CI p- 

Lower Upper value 

Headache: Yes/ No 1705/ 10991  34.3/ 29.0  1.13 1.13 1.00 1.28 0.04 

Coffee or tea drink(cup) : >5/ No 12/ 6547 50.0/ 31.8 2.81 2.92 1.31 6.54 0.01 

Hand-free use:  

Sometime/ Frequent  1268/ 951 
34.5/ 29.4 1.19 1.18 1.01 1.39 0.04 

Bad hygiene sleep: Yes/ No 6613/6083 31.8/ 27.6  1.12 1.16 1.03 1.31 0.02 

Daily dose group( x 10-5mW)               

  ≥2.00/ ≤1.79 10567/ 1943  30.4/ 25.7  1.28 1.26 1.01 1.57 0.04 

Nocturnal dose group (x 10-5mW)               

 ≥2.00/ ≤1.79 7646/ 3597 30.7/ 24.3  1.62 1.60 1.22 2.11 <0.01 

Morning dose group (x 10-5mW)               

 ≥2.00/ 1.80-1.99 9710/ 120 29.4/ 13.3 1.69 1.69 1.17 2.43 <0.01 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand free use, Brand 

device, SOP. 

3) Relationship between smartphone output power and sleep quality in quality 

aspect and overall sleep quality. 

Morning sleepiness has responded to an anxiety (Table3.43) while poor sleep as an 

overall indicator of sleep quality respond to the factors of age, BMI,  anxiety, depression, 

and headache (Table 3.44). BMI will have strong association with poor sleep (ORadj2.12; 

95% CI: 1.38-3.23). 
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Daily, evening and nocturnal smartphone output power in1.80-1.99x10-5mW range 

have 1.60,  1.78 and 2.25 times respectively stronger effects on morning sleepiness 

compare to the range of ≤1.79x10-5mW while daily and nocturnal smartphone output 

power in the range of ≥2.00 and 1.80-1.99x10-5mW have1.30 and 1.66 times respectively 

stronger relationship with poor sleep compare to the range of ≤1.79x10-5mW. 

Furthermore, the study has found that morning Lag_2 and daytime Lag_1 in the range of 

1.80-1.99 x10-5mW and ≥200x10-5mW have 1.48 times stronger relationship with poor 

sleep than those in the range of ≤179x10-5mW  while Lag_5 daily dose relates to poor 

sleep in the form of reverse  dose-response. 

 

Table 3.43 Odds ratio (OR) of morning sleepiness and their 95% confidence intervals for 

each factor and daily dose adjusted for all other factors using GEE (exchange, 

QIC=12203.98, QICC=12125.19). 

Factor 

Morning Sleepiness 
Crude 

OR 

Adjusted 

OR 

95% CI  

Yes No Lower Upper 
p-

value 

Anxiety score, mean ±SD 2.3±2.6 1.7±2.4 1.06 1.06 1.03 1.10 <0.01 

Total 3037 9659           

Daily dose group (x 10-5mW)               

  1.80-1.99/ ≤1.79 186/ 1943 36.6/ 30.5 1.58 1.60 1.20 2.14 <0.01 

Evening dose group (x 10-5mW)        

 1.80-1.99/ ≤1.79 301/ 2648 34.9/ 32.9  1.77 1.78 1.21 2.61 <0.01 

Nocturnal dose group (x 10-5mW)               

  1.80-1.99/ ≤1.79 226/ 3597 49.1/ 31.8 2.67 2.25 1.09 4.62 0.03 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand 

free use, Brand device, SOP. 
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Table 3.44  Odds ratio (OR) of poor sleep and their 95% confidence intervals for each 

factor and daily dose adjusted for all other factors using GEE (exchange, 

QIC=13610.26, QICC=13535.37). 

Factor 
Poor sleep Crude 

OR 

Adjusted 

OR 

95% CI p- 

value Yes No Lower Upper 

Age, mean ±SD 17.3±1.0 17.4±1.0 1.20 1.15 1.00 1.32 0.04 

Anxiety score, mean ±SD 2.3±2.7 1.6±2.3 1.07 1.06 1.03 1.09 <0.01 

Depression score, mean ±SD 1.9±2.6 1.3±2.1 1.09 1.05 1.01 1.09 0.02 

Lag_5 dose (x10-3mW),  

mean ±SD 1.7±6.0 2.2±19.0 

 

0.001 

 

0.001 

 

9.94x10-7 

 

0.82 

 

0.04 

Total 4071 8620           

BMI: Abnormal/ Normal 1232/ 11464 48.5/ 30.3  2.25 2.12 1.38 3.23 <0.01 

Headache : Yes/ No 1705/ 10991 38.8/ 31.0 1.29 1.21 1.06 1.39 0.01 

Daily dose group (x 10-5mW)               

  ≥2.00/ ≤1.79 10567/1943 32.3/ 30.5 1.32 1.30 1.03 1.64 0.03 

Nocturnal Dose group (x 10-5mW)              

  180-199/ ≤179 226/ 3597 49.1/ 31.8 1.97 1.66 1.15 2.40 0.01 

Morning dose group (x 10-5mW)              

  ≥200/ ≤179 9710/ 2479 32.6/ 30.4   1.52 1.48 1.05 2.11 0.03 

Daytime dose group (x 10-5mW)              

  180-199/ ≤179 79/ 2303 35.4/ 30.0 1.51 1.48 1.01 2.17 0.05 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand 

free use, Brand device, SOP. 

 

4) Relationship between smartphone output power and doze consequential to sleep 

problems 

Anxieties, PSQI, bad sleep hygiene and coffee or tea drinking have the relationship 

with doze (Table3.45) but no respond from SOP. 
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Table 3.45 Odds ratio (OR) of doze and their 95% confidence intervals for each factor 

and daily dose adjusted for all other factors using GEE (AR1,  exchange, 

QIC=11349.42, QICC=11268.01) 

Factor 
Doze Crude 

OR 

Adjusted 

OR 

95% CI p- 

Yes No Lower Upper value 

Anxiety score, mean ±SD 
2.0±2.5 1.3±2.0 

1.16 1.05 1.01 1.10 0.02 

PSQI score,  mean ±SD 4.1±2.0 2.6±2.0 1.53 1.34 1.27 1.42 <0.01 

Total 9313 3383           

Bad hygiene sleep: Yes/ No 6613/ 6083 77.4/ 69.0 1.50 1.18 1.03 1.36 0.02 

Coffee or tea drink: <5/ No (cup) 6137/ 6547 83.9/ 63.5 3.23 1.77 1.41 2.23 <0.01 

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, Internet use, Hand 

free use, Brand device, SOP. 

Sleep problems have associated with the factors of age,  anxiety,  depression, 

headache,  and coffee drinking similar to findings in other studies. However, the study 

also provides the evidence not using hand-free device has a connection with sleep 

problems thus a piece of information supports the notion that smartphone electromagnetic 

radiation will affect to have difficult sleep, inefficient sleep, morning sleepiness, and poor 

sleep quality in the nature of window effect. Furthermore, delayed effect of SOP has been 

found to establish in the relationship with difficult sleep,  sleep loss,  sleep problems, 

morning sleepiness, and poor sleep quality in the form of window effect, dose response 

and reverse dose response. 
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CHAPTER 4  

Discussion and suggestion 

4.1   Discussion  

Part 1: The mobile phone uses and health problem 

Objective1:  To study the characteristic of mobile phone using, headache 

symptom, and sleep quality among high school students. 

4.1.1 The characteristic of mobile phone using and the headache symptom 

among high school students 

1) The headache and characteristics of MP using 

The results show that 92.6% of high school students (95% CI 90.8-94.1) have 

headaches at least once a year, which are divided into 12.3%  of migraine and potential 

migraine group,  68. 6%  of TTH and potential TTH group, and 18.6% of undefined 

headache group. Nevertheless, the percentages of the current study, comparing to 54.4% 

(95% CI 43.1–65.8) of the past 25-years report, the systematic review of Wöber-Bingöl 

in 2013, which studied about headache in children and teenagers, are higher. However, 

the result of the study of Wöber-Bingöl et al. in 2014 were 89.3%124 which was less 

than the percentage results in this study. In addition, the studies of Lewis (2007), the 

results were 57-82%.34 Then, Straube et al., 2013 the results were 66-71%.122 In Sweden, 

teenagers’ ages between 12-18 years old, the percentage of the results are 64.9%, which 

are divided into 24.9% in migraine and potential migraine group, 37.6% in TTH and 

potential TTH group, and 31.2% of undefined headache group.123 Also, Taiwan, in 

2010, the results were 86.6%.46 

In conclusion, the differences of the prevalence of headache among the various 

studies depend on the characteristics of the investigated samples, which include 

genders, ages, genetic factors, styles of living, geographic and climatic conditions of the 

studied area, and the diagnosis of headache itself.1 2 5-1 2 7 The prevalence of headache in 

the teenagers trends to increase, which probably results from increasing the varieties of 
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stimuli or factors in daily lives, especially the new model released of mobile phone 

which are capable of serving a diversity of  needs.1 

The increasing values of MP use among children and teenagers in Thailand are 

well-manifested by the prevalence of mobile phone owner in this study, which is 99.8% 

of all subjects higher than 44.8%175 of the study in Singapore, 2000 and 89.3 %11 of  the 

study in Rayong Province of Thailand, 2014.   

Furthermore,  the MPAH symptom (defined as MPAH ≥10 times/year) among 

Korean teenagers reported in Chu et al. study in the year 2011, was 18.9%49 was much 

lower than 59.8% of this study. Thus, the increasing values of MP use might contribute 

to higher prevalence of headache in teenagers. According to the characteristics of MP 

use studied routinely, the results reveal 80.6% use for social media purposes and only 

49.5% for verbal communication. Most students use MP at most 5 times a day with less 

than 10 minutes each,  far different from Synovate survey (2011) which showed the 

average time of a teen talking on MP to be 60.7min/day.12 The information reflect the 

change in the characteristics of MP use following the advancement of MP features. 

2) The mobile phone associated headache (MPAH) symptom across demographic 

data and MP use  

The study found that the MPAH symptom increases in the groups of younger 

students whose ages are between 16-17 years old.  As the occurrence of MPAH is high 

risk factor, the younger-aged students have 4.1 times higher than the elder ones (greater 

or equal to 18) (95% CI: 2.64-6.26). The tendency that children start using MP in the 

earlier years of life is also the indicative of children’s use of MP longer time and will 

have greater health effects on MP users in the young groups. The MPAH symptom will 

be higher in the groups of students who have visual problems, anxiety, and those who 

have a statistically significant correlation with MPAH. According to ORadj2.22; 95% CI: 

1.33-3.69 and ORadj1.58; 95% CI: 1.07-2.35, the study shows 58.9% of the students 

having vision problems use MP generally for talking. Anxiety and visual problem may 

be a trigger of MPAH. 
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Furthermore, the MPAH symptom will be higher among the students who usually 

use talking mode of MP and have burning sensation at a significantly different level 

(p<0.05). The study has also shown that talking mode of MP use has 2.2 time higher 

risk than other modes.  The findings are consistent with the Gogineni (2010), who found 

that talking mode had more power emitting source of an MP than the standby mode. 

The following shows SAR value comparison between talking mode (0.245, 0.548 and 

0.963) and standby mode (0.0245, 0.0548 and 0.0963) at 900,  1800 and 2200 MHz 

frequencies in the GSM technology with output power of 200mW and 20mW 

respectively.20 The study demonstrates the way in which electromagnetic radiation from 

MP may bring about headaches. The electromagnetic energy is a non-ionizing radiation 

that can produce heat.20-21 The frequency of 900 and 1,800 MHz can increase the heat 

on the skin to 37.037 and 37.057 degree Celsius, respectively, and may lead the subject 

into experiencing burning sensations around the ears.239-241 The present study has found 

no interaction between the effect of ear burning sensation on the relationship between 

typically using MP for talking and MPAH from, its stratified analysis. In the group of 

students’ experiences no ear burning sensation, the study has found that they use MP 

typically for talking at 1.95 times (95% CI: 1.25-3.05), and are more likely to get 

MPAH compared to the use of MP in other modes. Furthermore, the study has found 

that the use of MP typically for talking is about 1.67 times (95% CI: 1.27-2.19) which is 

more likely to cause burning sensation, compare to the use of MP for other purposes. 

Therefore, talking on MP is a source of ear burning sensation and MPAH without 

controlling the confounding factors 

Chu et al, 2011 found that MPAH linked to time talking but the present study has 

found no difference of the MPAH symptom on different duration of conversation using 

MP.49 The result has related to the study of Lonn et al. and Gogineni,20 they found that 

mobile phone, once pressed for function, used the peak power of 1W at 1800MHz 

frequency and then 2W at 900MHz frequency to establish the connection, and after that 

the power was controlled down to the level of as low as 1mW during conversation with 

a good signal quality, by the operator’s network.20, 99 The study shows that very short 

calls have been made at a higher than average output power.108 Nevertheless, the output 

power also varies with operator’s network,  wave frequency,  quality of the signal or 

density of the base station, the distance of MP from base station, and the movement of 
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user, while talking on MP, which necessitates a hand over or the change to a new signal 

channel.17, 19, 99, 106-107 Furthermore, the study has found that most students (71.1%) have 

talked on MP less than 10 minutes per time and the effect of the duration group on 

MPAH symptom is manifested by OR 2.70 (95% CI: 1.83- 4.00; p<0.05). The data has 

ensured that duration of MP talking does not relate to MPAH, but MP talking itself 

relates to MPAH. 

The association between use of hand-free device and MPAH has found in other 

studies, but not in the present study. Most students in the study, 71.1% and 81.4%, have 

spent short time, less than 10 minutes a time, with low frequency, less than 5 times per 

day, of MP use for talking. Hence, the result shows that the students generally use MP 

for social media purposes without hand-free devices. Thus, the study has found no 

association between use of hand-free device and MPAH. However, the study shows that 

the TTH will be higher among students who do not use hand-free devices, and also be 

accompanied by ear burning sensation. The result creates a point to consider whether 

talking on MP without using hand-free device can trigger TTH or not. 

Other risk factors of MPAH at statistically significant level, p<0.05, include the 

uses of medicines for regular treatments, health risk behaviors, and poor sleep quality 

with ORadj0.58; 95% CI: 0.39-0.86, ORadj0.33; 95% CI: 0.16-0.69 and ORadj0.53; 95% 

CI: 0.35-0.79, respectively. The target groups of students with regularly use of 

medicines, health risk behaviors, and poor sleep quality has less prone to MPAH than 

the opposite counterparts. The study has shown that less severe pain (mean 3.3 and 3.9 

of non-MPAH) of MPAH resulted to no need for the use of medicine. The health risk 

behavior, in terms of tea and coffee drinking, will affect sleep quality and tea and coffee 

drinking will appear to relieve MPAH. With respect to sleep quality factor, the mean 

score is 4.8±2.9, indicating the normal level. The study has found that 54% of the 

students who have good sleep quality also use MP typically in talking mode. Thus, the 

study has found that uses of medicines, health risk behaviors, and sleep quality factors 

may not affect MPAH. The results indicate the difference between MPAH and primary 

headache in the forms of both migraine and TTH.   
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3) The characteristics of MPAH 

Regarding the MPAH prevalence in terms of pain characteristics, the study has 

found MPAH has specific pain characteristics, including short time pain,  pulsing and 

tightening,  instable form of pain,  pain often occurring in the morning,  one side 

headache, and pain in the occipital and frontal areas which is consistent with the study 

of Gogineni in 2010 that found occipital area to have the spatial peak-average SAR (1g) 

at 1.86mW/kg.20 The study has also found that the MPAH with different pain 

characteristics have low scores of pain severity and no impact from the pain, thus 

making the target groups of students with MPAH no need to take medication and no 

poor sleep quality problem. Similar to the South Korea study, the pain with specific 

characteristics identified in the present study could not be classified as primary 

headache,49 neither does migraine or TTH. 

The MPAH can be classified as secondary headache, as far as the MPAH meets at 

least two of the following criteria137:  1) There is a temporal relationship between the 

onset of headache symptom and the exposure of the factors believed to cause the 

disorder. The present study has found 53.2% of the students with MPAH report to the 

experiences of headache after having own mobile phones.   2) The characteristic of 

headache specifies to the causal factor.  The study has found that the MPAH occurred 

during or after MP use has specific pain characteristics, different from the indicative of 

migraine or TTH. Hence, it cannot be classified as primary headache.  3) The headache 

becomes worse, statistically significant, with higher exposure to the causal factor.  The 

study has found higher MPAH prevalence among students usually (more than 50%) use 

mobile phone for talking than the students seldom or sometime (less than or equal to 

50%) use mobile phone for talking (p<0.05), relate to the exposure of more 

electromagnetic radiation. 4) Headache will be resolved, at a statistically significant 

level, with the well-managed of the causal factors. The criteria will be confirmed in the 

future. 5) The existing scientific information about the causes. Previous studies 

supported the content that the electromagnetic radiation from mobile phone induced the 

change in biological reaction, change of protein in the brain, and made nervous system 

problem, especially headache symptoms.21, 24-25, 63 
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Conclusion 

Almost students have headache as well as high MPAH symptom in tandem with 

often use of MP. The present investigations on the relationship between the 

characteristics of MP use and MPAH have conducted in the context of rapid 

advancement in MP applications which is the reason for the change in the 

characteristics of MP use. However, the study results demonstrate that talking mode of 

MP is the strongest source emitting highest intensity of electromagnetic radiation from 

the device, and thus the use of MP in talking mode has the link with ear burning 

sensation and MPAH. The younger ages and visual problems also have high effects on 

MPAH. The characteristics of MP use and other factors that can trigger MPAH are 

expected to change with the advancement of the state-of-the art of MP in applications. 

The results have shown the difference between the characteristic of primary headache 

and that of MPAH, which has specific characteristics, including attack in the morning, 

short period pain, pulsing and tightening, indefinite form of pain, pain on one side, pain 

in the occipital and frontal areas, and ear burning sensation. The study results lead to the 

suggestions that using MP talking shall be made with hand-free device, to enable 

placing MP far away from the head, and that the ages at which children start having 

own and using MP will be higher, for health safety reasons and to prevent chronic 

headache.176 The findings from this study can be informative and useful for further 

investigations in the future, on the relationship between electromagnetic radiation from 

MP and headache. 

4.1.2 The characteristic of mobile phone using and prevalent of sleep quality 

among high school students 

1) The prevalent of sleep quality  

In the present study, PSQI has been found to have a mean of 4.8±2.9. Sleep 

problem prevalence (PSQI>5) has been found at 50.5%. In the study, the prevalence has 

been found to be higher than studies conducted before 2008. According to the literature 

review, prevalence was found to be 25-40%,55 39.61% in China,51 and 66.10% in 

Australia.60 However, the findings have concurred with a study conducted in Brazil and 

Lebanon, which assessed PSQI and found the prevalence to be at 54.7% and 58.79%,53 

respectively. The study has found sleep difficulty and frequently waking are at 4.0% 

and 17.9%. The study has different from Finland where sleep difficulty and frequently 
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waking are at rates of 30% and 60%.242 In the meantime, sleep loss has been found to be 

consistent with studies conducted in the United States where sleep loss has been found 

at 61%.79 In the study, mean sleeping time has encountered at a mean of 6.88±1.28 

hours, which is less than the findings from a study conducted in Taiwan where mean 

sleeping time has been found at 7.35±1.23 hours,243 and less than the findings from a 

study conducted in Greece where mean sleeping time has been found at 7.28±1.165 

hours.57 In the present study, adolescents have dozed during the day (4.8%), which was 

lower than the findings from a study conducted in the United States where dozing has 

been found at 22%79 or 30% in China,51 70% in Greece.55  To reduce dozing problems 

in the study may be caused by the fact that adolescents will often consume tea and 

coffee (68.1%), thereby preventing adolescents from experiencing daytime drowsiness. 

Furthermore, sleeping time also depends on different cultural and environmental factors 

in each country.244 However, sleep problems tend to increase rapidly regarding to 

technological advances, particularly for mobile phones which have spread quickly.64 

The mobile phone use in adolescents had been found at 44.8% in Singapore (2006),175 

64% in the United States(2011),64 78–84% in Malaysia (2014),171 89.34% in Rayong 

Province, Thailand (2014)43 and 99.8% in the present study (2015). The study has 

shown that the sleep problems with MP use are more than half of the total prevalence. 

Many previous studies show that electronic media use and mobile phone talking      

before going to sleep have related to sleep problems (77%) and reduced sleep            

quality.64, 77-78, 80, 82-84 

2) The sleep quality components across demographic data and MP use 

The result shows the sleep of the risk behavior groups, in the area of tea or coffee 

consumption and use of medications have the strongest association with poor sleep 

quality ORadj2.95: 95% CI, 1.71-5.09. Medications are used when the body is in 

discomfort, therefore, discomfort is a cause of poor sleep quality. Furthermore, the 

higher PSQI scores are from the students with history of phobia and potentially 

traumatic interpersonal events (PTIEs), also with students who have migraine headache 

and correlate to anxiety and depression score, with significant difference (p<0.05). The 

variables have weak effects on poor sleep quality and are adjusted by analysis. The 

researcher has assessed daytime dozing, which has impacted on sleep problems, and 
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found poor sleep quality to have the strongest effect to dozing during the day 

(ORadj9.03: 95% CI, 2.72-29.94). 

 The study result shows that no use of hand-free devices in MP created 2.4 times 

higher risk for sleep difficulty among students who use hand-free devices. According to 

the sub-analysis in the MP with non-talking mode groups, no hand-free devices use 

consider as a risk factor for sleep difficulty ORadj2.48 (95% CI, 1.13-5.43) compared to 

hand-free use. Therefore, sleep difficulty should be caused by non-talking mode MP 

uses. The finding is consistent with the findings where mobile phone use at night has 

risk for sleep loss (ORadj1.82: 95% CI, 1.10-3.01). MP use at night is not usually aimed 

at conversations, meaning students who use MP tend to do so for a long time and causes 

students to sleep late. The students (55.4%) slept after 10:00 p.m., causing sleep loss 

with a mean sleeping time of only 6.88±1.28 hours. Thus, MP uses at night are found to 

pose a risk for dozing in the morning after waking up, (ORadj1.70: 95% CI, 1.08-2.66). 

MP uses at night for purposes other than conversation have related to MP lights which 

disturb sleep. The study conducted by Alexandru et al. found extended TV viewing and 

game-playing among students related to sleep difficulty, 64, 81 the study can also predict 

shorter sleeping times.245 Lights from mobile phones, televisions, and gaming consoles 

have been found to suppress melatonin secretion and disturbed the sleep-wake cycle, 

resulting in longer time until we fall asleep.64
 

 MP conversation duration of more than ten minutes has been found to pose risks 

for sleep deficiency (ORadj2.26: 9 5 %  CI, 1.17-4.36) . Extended MP talking mode has 

high exposure rate to electromagnetic radiation from MP. The finding concurs with a 

study conducted by Gogineni, who found the talking mode to have higher output power 

(200mW) than standby mode (20Mw).20 Data from an experiment conducted by Huber 

et al. found that exposure to an electromagnetic radio frequency from MP for 30 

minutes led to increase blood circulation at the dorsolateral prefrontal cortex, creating 

changes to alpha brainwave frequencies before sleeping and increased spindle 

brainwave frequency in Stage 2 of sleep.246-248 Furthermore, latency sleep time will 

increase more electromagnetic energy intensity that indicates a relationship of         

dose-response.248 Furthermore, Burch et al. Wood et al. and Jarupat et al. found the 

groups that used mobile phones for more than 25 minutes per day to have lower                              
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6-hydroxymelatonin sulfate (6-OHMS), a melatonin metabolism that is excreted in 

urine and saliva,249-251  with even decreasing amount in the groups with high MP use.249 

A recent review article has supported the fact that MP uses before sleep will change 

melatonin and cortisol secretions, which are the hormones in the sleep-wake cycle219, 252 

that triggered the nervous system in the parts related to sleep.219 

 PSQI is overall sleep quality. Duration of MP conversation is more than ten 

minutes and non-Apple brands of MP have been found to pose a risk for poor sleep 

quality (ORadj1.601: 95% CI, 1.10-2.34 and ORadj1.57:95 CI, 1.08-2.271, respectively). 

Each of MP device brands has difference antenna, causing Specific Absorption Rates to 

be different.20, 253 On the contrary, SAR in Apple devices have been found more than 

other brands. Furthermore, the effects of Apple brand devices in rural areas on poor 

sleep are manifested by ORadj2.79: 95% CI,  1.27-6.41; p<0.05, compared to urban 

areas. Therefore, brands of mobile phone do not have influence on sleep quality, but 

might be the environmental factors involved in the use of MP, such as urban areas with 

strong signals,  density of base stations, and service networks might release lower MP 

output power.17, 107-108, 253 

The study result also shows non-conversation and long conversations MP uses at 

night will affect quantity of sleep.  Furthermore, long MP conversations will have poor 

sleep quality risks. Previous studies have found that adolescents who have MP 

conversations before sleeps (23.6–62%) relate to daytime dozing.64, 82 Adolescents 

usually have conversations at 00:00–3:00 a.m. causing sleep loss, inefficient sleep, and 

fatigue with weakness during the day. Long MP uses at night more than once a week 

will have 5.1 times higher risk for fatigue and weakness during the daytime.237 

However, modern MP causes changes in MP modes from MP conversations to online 

social media uses. The study shows short durations and frequency uses in MP 

conversations while online social media purposes are the highest uses (80.6%) with 

more time requirements and exposed to lights from MP, causing effects on sleep 

quality. 

 

Conclusion 

The sleep problems with MP use is more than half of the total prevalence. The 

modernized MP use affects characteristics of sleep, sleep quality, and impact of learning 
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of the teenagers. The hand free uses, MP talking modes, calls duration, frequency of MP 

use,  device systems, and MP uses at night related to PSQI both quantity and quality 

domain. Poor sleep quality will cause dozing in the daytime. MP is a source of 

electromagnetic radiation which is used close to the head, while human nervous systems 

are unstable electrical tissues.64 Therefore, disturbance or stimulation of changes in 

brain waves and biological sleeping systems in the body can occur. Nevertheless, 

confirmation of relationships between electromagnetic radiation from MP and sleep 

quality require further progressive studies. 

The study of characteristics of MP using, prevalent of headache, and sleep quality 

in high school students had some limitations, because the study is self-reported study. 

The information obtained could be either underestimated or overestimated due to recall 

bias. The cross-sectional design prevents accurate and clear explanation of temporal 

cause-effect relationship. In addition, the lack of study coverage dealing with different 

MP operation networks and wave frequencies are pertinent to the transmission and 

radiation emitting power of the mobile phones.  The important points of the study 

include the sample sizes, which are large enough for reliable analytical results, and the 

selection of the high school students in the provincial schools, as the study subjects can 

represent the population of high school students nationwide. 

Part 2: Electromagnetic radiation from smartphone and health problem 

Objective 2: To study the correlation between smartphone output power and 

headache among high school students 

4.1.3 The correlation between smartphone output power and headache 

among high school students 

1) Headache 

The present study shows the current headache to be 13.4%, predominantly in the 

types of TTH, migraine, and undetermined headache with rate of 74.1%,  9.0% and 

16.9% respectively. The result is consistent with the findings from the first phase of 

study, involving the entire student population, that the prevalence of headache in the 

three types was 68. 6%,  12.3%, and 18.6% respectively which is, however, different 

from studies conducted elsewhere. A study in Sweden using daily headache record 

revealed migraine 24.9%, TTH 37.6%, and undetermined 31.2%.123 In low income 
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countries, the headache prevalence is 54.4%.37 The 2002-2012 survey in USA revealed 

the prevalence of migraine headache to be 12.2%.254  Headache prevalence varies across 

geographic areas, cultures, and the sample groups, as well as the criteria for classifying 

types of headache.125-127 The present study shows low pain scores of headache, similar 

to the study result of Larsson that found 55.0% of teenagers reporting low pain scores of 

headache,123 and consistent with the characteristics of headache associated with MP use 

in the study by Chu49 as well as the results of the study in the first phase. With the 

division of a day into four time periods, the present study finds most students 

experienced headache before 00:00 a.m. However a study in Belgium in 2007 reported 

that teenagers used MP during 00:00-03:00 a.m. for conversation (17 .3% ) and texting 

messages (20.3%).237 

2) Information on smartphone output power 

The characteristics of smartphone usage among sample students are considered on 

the basis of smartphone output power (SOP) which can be measured real time by the 

device. The researcher has made an application which is able to record SOP and send 

them through email. SOP values in this study are thus lower than the values of 

smartphone electromagnetic radiation in other studies, which was measured by external 

metering devices, and might be increased by the radiation from other sources. The 

previous study of Frei et al.255 found mean personal exposure of electromagnetic field 

intensity over one week from the different sources, excluding own mobile phone, was 

0.013mW/cm.2 Bolte and Eikelboom et al.256 which the exposure was measured over 

24hours at 0.0180mW/cm2 and 0.00289mW/cm2 of Beekhuizen et al. In the present 

study, maximum and mean SOP was 1.55 and 0.001mW. The maximum and mean SOP 

were correspond to the study of Kelsh et al.,19 and Gosselin MC (2010), which found 

the average output power between 0.001-0.63mW.109 The results were lower than the 

study of Lonn.99 which was found at 25-63mW. In the present study, maximum SOP 

has been found at a nocturnal time (00:00-6:00 a.m.) but most subjects under study hardly 

used smartphone at night, resulting in the average SOP of 1.0x10-3mW. Since students shut 

down their smartphone from time to time, this makes the minimum SOP in each period 

of the day equal to zero. The students generally use the devices in the morning, daytime, 

and evening before bedtime ( 18.00-24.00 p.m.) with the average SOP of 1.1,  1.2 and 

1.1x10-3mW respectively, the average is the highest at night. However, the daily 
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smartphone output power of 2.0x10-3mW suggests that some students use the device 

quite heavily at night. The first phase of the present study using questionnaire has found 

that 66.5% of students use telephone before going to bed, and MP has affected to the 

quality of sleep. The study by Bulck in 2007 found 62-72% prevalence of adolescence 

use MP at night, after 9:00 p.m.,237 55.6% for texting messages, 58% for talking,237 and 

24% for playing games, and found that they used MP and internet late at night up until 

00:00-03:00 a.m.237 

3) Factors correlated to headache  

The present study has found the correlation between the factors of ages, anxiety, 

depression, and PSQI and headache in terms of headache events, durations, frequencies 

of uses, severities, and types including migraine, TTH, and unidentified.  

Anxiety is a risk factor of morning and daytime headache, ORadj1.10 and 1.08 

(95% CI: 1.04-1.14).  Depression is a risk factor of the occurrence of evening headache, 

ORadj1.08-2.41; 95% CI: 1.04-1.14. PSQI is a risk factor of daytime headache, 

ORadj1.09-2.41; 95% CI: 1.04-1.15. Meanwhile, both ages and internet uses are risk 

factors of headache at any period of times in a day.  

Age has been found to have relationship between headache symptom, time 

duration of headache, frequency of headache, severity of headache, and all types of 

headache. Compared to a year younger student, a year older likely faces a relatively 

high severe level of headache symptom, duration, frequency, severity, and types of 

headache. The result is contrast with most of the previous studies, which found 

headache symptom varies to age,38, 122 particularly the migraine type and tension type of 

headache, though the positive correlation appeared weaker in the 30-39 age group.35 

The results from the present study are in line with the first phase investigation, on 

factors associated with headache from mobile phone use, that young age has implication 

for MPAH.  Previous surveys revealed as high as 31% of children of the age 8-10 own 

and use MP.258 A study in Korea (2013) found the average age of children first owning 

and/or using MP decreased from 12.5 years old in 2008 to 8.4 years old in 2011. The 

results were implied the tendency of children own and use MP at a younger age.258 The 

tendency result in a longer accumulated time of owning and using MP during their 

childhood, has supported the theory that young-aged students are more likely to get 
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headache when use MP, compared to the old-aged students who have more regular 

activities and other extracurricular activities in school, hence having less time for 

smartphone use. The present study has found that students at the average age of 17.37 

years old correspond to smartphone output power in the range of ≥ 2.0 x10-5mW, 

compared to those with average age of 17.88 years old who correspond to SOP in the 

range of 1.8-1.99x10-5mW (p<0.01). The current study has also found that the factor of 

age associated with headache in all four periods of the day, and that the information 

supports the observation to ensure that young students use smartphones all time periods. 

The higher scores of anxiety, depression, and PSQI are the greater bearing on the 

frequency and severity of headache and TTH. The previous study on headache indicated 

that depression had 1.9 times more likely to trigger headache.140 The study by Fuh et al. 

revealed that higher depression score was a predictor of moderately severe and severe 

headache,42, 46 and with the finding that anxiety would increase the risk of headache to 

occur. Both anxiety and depression are likely to generate more frequent and more severe 

headache.42,259 Empirically, anxiety and depression have been found to be 4.1 and 1.7 

times, respectively, higher risk than other factors that cause headache,2 60 as well the 

anxiety and depression are risk factors of TTH with ORadj1.04-1.06; 95% CI: 1.00-

1.08.42, 259, 261 Also, the anxiety and depression have associated with migraine type, 

which is different from the result of the present study that suggests the association with 

TTH which generally arises from psychological, social stress, and muscle tension.261 

Furthermore, the study has found the anxiety can cause only morning and daytime 

headache not evening and nocturnal headache. According to, the students always have 

attended the classes, have activities, and interact with numerous people in the morning 

and daytime, so the students are able to reduce their anxiety. While evening time, night 

time and bedtime are the most relaxing hours, thus there is no anxiety to lead to 

headache in particular periods of time. There is information confirming that sleeping 

can relieve headache, while sleep problem can trigger headache,42 and sleep quality and 

headache has reciprocal connection. There are also evidences that suggest sleep 

problems makes it 2.03 times more likely for headache to occur ( 95% CI:                    

1.6-2.5).42, 140, 260, 262  

High scores of PSQI are found to link with migraine260, 262 and sleep quality has 

been found to be a factor highly explanatory for frequent headache attacks.262 This is 
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also supported by the present finding that poor sleep quality has association with 

headache attack and daytime headache (ORadj1.04-1.09). The sleep has related to 

headache, particularly migraine, is triggered to hypothalamus which is linked with 

limbic system, retino-hypothalamic tract,  and brainstem aminergic nuclei,260 as well as 

with periaqueductal gray (PAG) matter. Provoking the orexin once causes the       

“rapid-eye-movement sleep-off”, the norexin will trigger ventrolateral part of the     

PAG matter to suppress antinociceptive activity in trigeminal nucleus caudalis, resulting 

in migraine headache.259 The abnormal brain functions, sleep related biological 

mechanism, and the migraine headache type have reciprocally connected. The study has 

been found that migraine can be affected by the neurotransmitters, serotonin, dopamine, 

and melatonin260 and the anti-inflammatory system, provoked by migraine, will affect 

the level of melatonin.42 Other findings in the study on the relationship between poor 

sleep quality, frequency, and severity of headache confirm the result from the first phase 

of the study, that poor sleep quality is not a protective factor of MPAH. In other study 

found that 48-74% and 26-72% of migraine and TTH cases have associated with lack of 

sleep. The report showed that after the patients adjusted their sleeping pattern, their 

headache were relieved to a better condition.264 

Internet use is a risk factor for headache event, duration, severity, frequency, and 

all types of headache (ORadj1.98-2.41; 95% CI: 1.20-3.51). Talking on smartphone 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 to induce 

the change in biological reaction, change of protein in the brain, and causes nervous 

system problem, especially headache symptoms.22-23, 25-27 Thus, brain is the organ 

closest to MP when the device is in use, especially by holding it next to the ear for 

talking and listening. Electromagnetic radiation from talking mode is nine times more 

intense than standby mode.265 The study by Gogineni in 2010 concluded that the talking 

mode had more intense power emitting source of an MP than the standby mode which 

reported the SAR values of talking mode (0.245, 0.548, and 0.963) and standby mode 

(0.0245, 0.0548, and 0.0963) at 900, 1800, and 2200 frequencies in the GSM 

technology with output power of 200Mw and 20mW, respectively.20 Furthermore,  the 

recent study has found higher mean of radiated power during voice over internet 

protocol, which has been assessed at 1.9mW, than the mean of radiated power during 
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voice over Circuit Switch calls, which has been assessed at 0.55mW.266 The information 

supports the finding from the first phase study that MP use in talking mode is a risk 

factor of MPAH and the finding from the present study that internet use for talking can 

bring about headache in all time periods of the day, which in turn indicates that students 

use internet for talking in all periods of the day. There is also a finding from the present 

study that not using hand-free device while talking on smartphone produces strongest 

effect in causing  migraines and TTH (ORadj3.96; 95% CI:1.21-12.87 and ORadj3.72; 

95% CI: 2.49-5.56). This practice had association with headache event, duration, 

severity, and frequency of headache (ORadj3.03-3.22; 95% CI: 1.74-5.27). Use of   

hand-free device for talking allows some distance between the telephone set and user’s 

head, resulting in lower exposure to electromagnetic radiation.239 Not using hand-free 

device was also found to link with morning, daytime, and evening headache because 

these time periods are when most students use smartphone. The results are manifested 

by the mean SOP in the morning, daytime, and evening dose, 1.07-1.18x10-3mW, while 

nocturnal dose has appeared to be the least, 1.00x10-3mW. The results indicate that 

using hand-free device has related to SOP and headache. 

Brand of the device has appeared to have a bearing on nocturnal headache. From 

the analysis of smartphone use in the nighttime (00:00-6:00 a.m.) , the result has been 

found among late night users that students using brand devices other than Apple, 

mostly, 83.6%, use smartphone output power in the range of ≥2.00x10-5mW, compared 

to the 58.9% figure of Apple brand device users. The result implies that users of 

smartphone other than Apple brand use the device heavily at night, thus contributing to 

the linkage between brand device and nocturnal headache. It is important to note that 

brand device is a representative of area where the device is used and the brand device 

used popularly in rural area, which has less density of the base station, will have an 

effect on sleep quality. The theory is in line with the findings from previous studies, that 

the factors governing smartphone output power has included the control system of the 

operator’s network, the wave frequency, the strength of the signal, which depends on 

the signal density of the base station, the distance of MP from the base station, and 

population density.17-19, 99, 107 
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4) Smartphone output power (SOP) and headache 

Smartphone Output Power in this study reflects the Smartphone Electromagnetic 

Radiation from the phone use during a time period as defined for a day. It is the 

important measurement of power emission from smartphone for assessing the levels of 

electromagnetic energy to which human body has exposed to and absorbed into 

tissues,17-18, 99 which vary with the amount of time using the mobile phone.18 The 

duration of time of repeated or continued mobile phone use is thus an important variable 

for the assessment of exposure to electromagnetic energy.17 The assessment of the 

exposure to electromagnetic radiation at an individual level is a crucial issue in 

epidemiological study, as the findings from the inference study process can be applied 

to the pertinent population.99 

 

 The present findings revealed that headache symptom, pain score and frequency 

of headache, undetermined headache type respond to smartphone output power in the 

range of 1.80-1.99x10-5mW, duration of headache responds to smartphone output power 

in the range of ≤1.79x10-5mW, and migraine responds to SOP in the range of     

≤1.79x10-5mW and 1.80-1.99x10-5mW. The responses are of power effect type. 

Furthermore, the analysis on the part of headache event in four periods of the day 

indicated that morning headache responds to morning SOP in dose-response nature, 

while daytime headache responds to daytime SOP in the range of ≤1.79x10-5mW, and 

evening headache responds to evening SOP in the range of ≤1.79x10-5mW and 

≥2.00x10-5mW in the nature of power effect. 

The effect of SOP on headache has been found to be non-linear. There appeared to 

be no statistical evidence of maximum SOP having a bearing on headache. However, it 

was found that SOP in  the range of ≤1.79x10-5mW and 1.80-1.99x10-5mW have the 

linkage with headache event, frequency of headache, and severity of headache, but the 

relationship has not found for SOP in the range of ≥2.00x10-5mW. By the types of 

headache, both migraine and undetermined type headache have appeared to be 

associated with SOP in the range of ≤1.79 and 1.80-1.99x10-5mW, respectively. The 

undetermined headache in the 1st stage of study was the group of mobile phone 

associated headache symptom which was different in clinical features, from primary 

headache, and it should be classified as secondary headache. Many previous studies 
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found MP had negative impacts on human health and the headache was found to be the 

most common problem.22, 24 The present study has found the non-linear relationship 

between SOP and headache, which agrees with the experimental studies on the exposure 

of MRF which found the response to take place only at specific values or in specific 

range but no response beyond the upper and lower thresholds, is called window 

effect.111, 267-269 Similarly, Frey et al. conducted a study by getting experimental animals 

to expose to RFR at 1200MHz frequency and 2.4mW/cm2 and 0.2mW/cm2 intensity for 

30 min, and found the dye could penetrate through  BBB. Meanwhile, Merritt et al. 

investigated the exposure to RFR at 1200MHz frequency and 2-75mW/cm2 

concentration, and found no difference in BBB permeability of fluorescein-albumin. 

The results can be concluded that BBB responds to RFR only at 2.4mW/cm2 and 

0.2mW/cm2 intensity.268 Bawin et al. found electromagnetic radiation at 6 and 16Hz 

frequencies to be the frequency windows which allow the maximum reduction of 

response to calcium efflux from brain tissue,270 as well as the change in EEG pattern 

that was found from exposure to MFR only at 8 and 16Hz frequencies, not at any other 

frequencies. Meanwhile, Dutta et al. found AChE to increase in intensity at SAR equal 

to 0.05 and 0.02W/kg.116 Furthermore, numerous studies found genetic alteration of the 

brain tissues resulting from exposure to Microwave Frequency Radiation ( MFR) and 

found the response to take place between 1 and 10µW/m2 intensity, which was shaped 

by the window effect, since no response could be found outside this range of 

intensity.271 Moreover, migraine has been found to have effects on biological system, 

not only the nervous systems but also other systems of human body which have 

regulatory function to ensure system equilibrium.272 The result can explain why the 

response takes the form of nonlinearity.111 Response as found in different studies have 

not taken place at a definite time, as it is a low level response depending on the 

sensitivity of the exposed individual.273 Therefore, headache from MP use is 

characterized by low severity, which is typical for the so called mobile phone associated 

headache (MPAH). 

 

Mechanism of headache response to MFR is often driven by the dysfunction of 

endogenous pain control system, which is a helper in adjusting the pain or the response 

level by sending signal to the trigemino-cervical complex that regulates the function by 

neurotransmitter. Exposure to RFR of 1600-3000MHz at 10-30mW/cm2 8h/day for        



 

140 

7 days has been found to decrease the concentration of both serotonin and                        

5-hydroxyindolacetic acid, which is the product of serotonin metabolism268 (Snyder, 

refer in273). Furthermore, acetylcholine in AChR type, located at neuronal nAChR in 

thalamas, raphe magnus nucleus, and spinal cord have important role in inhibiting pain. 

Baranski, who conducted a study on experimental rats, which were put to be exposed to 

RFR at 3000MHz frequency and 25mW/cm2 intensity, found that would reduce the 

functioning of AChE at diencephalon.268 Moreover, headache is often associated with 

the functioning of the dopamine-opiate system, that human body uses for inhibiting pain 

sent by the opioid receptor and thus causing the reduction in number of 

neurotransmitters in the system and consequently the failure of the system to inhibit 

pain.275-276 Exposure to low intensity MFR or microwave energy has been found to 

inhibit apomorphine in the opiate system.25 Lai et al. gave narcotic antagonist, 

naltrexone ( a medication to reduce activity of dopamine-opiate)  to experimental rats 

every day before exposure ( pretreatment) to radio frequency radiation (RFR) at 

2450MHz and SAR of 0.6W/kg for 20 minutes and found no change in response of 

apomorphine. Meanwhile, Frey and Wesler examined the functioning of dopamine 

system and found that the pain response period was reduced when the experimental rats 

were given apomorphine before exposure to RFR (1200 MHz at 0.2mW/cm2 for 15 

min).121, 268 These evidences supported the theory that exposure to smartphone output 

power can reduce the number of neurotransmitters which trigger headache, especially 

the migraine type. In the related study, Ungureanu et al. found that using smartphone to 

talk for 5-10 minutes and 10-15 minutes resulted in rapid temperature increase by 2-

3.5°C in tissues of the face and ear areas, which were the trigeminal area.240-241 The 

increased temperature will be diffused to neighboring areas, causing the dilation of 

intracranial-extra cerebral blood vessels which carry blood to dura mater, which in turn 

produces an effect on the surrounding outer layer of blood vessels of sensory nerves in 

trigeminal area, and these are the key mechanisms of migraine headache.277 The afore-

cited study lends a support to the present findings that not using hand-free device has a 

bearing on headache event, duration, frequency, severity, and types of headache, 

particularly migraine. 
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The present study has found frequency and high pain score of headache, as well as 

daytime and evening headache, respond to the delayed effects after exposing to daily 

dose of smartphone output power about 6 to 7 days in the form of dose-responses. 

While migraine of which the nervous system has adjusted processes to delay effects 

after exposing to daily dose of smartphone output power for 7 days in the form of a 

reverse dose-response. As the repeated exposure to MFR for a length period of time 

results in the accumulation of response and the long time response, which is consistent 

with the findings of Merritt268 The study was conducted in experimental rats with 

expose to RFR at 2375MHz frequency and 50 and 500μW/cm2 intensity, 7 hours a day 

for 30 days, and found the epinephrine response in the brain to increase on the 20th day 

after the exposure and get back to normal on the 30th day. While the result of 

500μW/cm2 intensity revealed the increase in norepinephrine, dopamine, and serotonin 

on the 5th day after exposure which, however, reduced after the continued or repeated 

exposure.268 The delayed effect from previous exposure and the biological response 

from repeated exposure to RFR depends on the stressed or the exposed factors and the 

exposed area. Oscar et al. got experimental rats to expose to MFR 2800MHz and SARs 

0.2 and 3W/kg  for 5  to 60 min, and found blood flows increased in rats’ brain in the 6th 

minutes post-exposure, which increased the most in pineal gland, hypothalamus, and 

temporal cortex. The increased blood flow, which is the response, will vary across 

regions of the brain, probably due to the uneven diffusion of RFR and different parts of 

the brain are sensitive differently to RFR.278 Biological responding to prolonged and 

repeated exposure to RFR depends on the dose of the exposing RFR. Exposure to RFR 

at SAR 0.6W/kg for 10 minutes was found to increase activity of cholinergic receptors 

in the brain, while the repeated exposure for 10 days appeared to bring about the 

reduced activity of cholinergic receptors in frontal cortex and hippocampus areas, but 

cholinergic activity in hippocampus has been found to increase from the repeated 45 

min exposure in 10 days. The change has been found to depend on endogenous-opioids 

and indicated that the response of nervous system to RFR exposure is driven by the 

induction of endogenous-opioids system.25, 268 Meanwhile, no change in activity of 

cholinergic receptors is proven when the lab animals have been given pre-treatment 

narcotic antagonist.268 Results from various studies demonstrate that duration of 

exposure, repetition of exposure, frequency and intensity of electromanetic energybring 
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about different biological impacts and responses, and that the physiological changes in 

different parts of the brain will stop and everything will get back to normal after stop 

the exposure.279 However, there is no clear explanation on the mechanism for the 

occurrence of delayed response to electromanetic exposure which might be due to the 

adaptive process of the nervous system to return to equilibrium or due to allostatic load. 

Yet, the repeated exposure is synonymous with the continued accumulation and thus 

causes the nervous systems to respond to the accumulated effect. For this reason, 

headache in general responds to delayed effect in the form of dose-response, while 

migraine and nocturnal headache respond to delayed effect in a reverse dose-response 

pattern.  
 

Characteristically, migraine occurs as the result of brain nervous system using 

adaptive process as a response mechanism to cope with repeated stress, and the adaptive 

process involves the continuative and cumulative alteration in cells and system which 

leads to either the restoration of equilibrium (allostasis) or allostatic load, if the adaptive 

process takes place abnormally.2 72 The migraine maladaptive process results in the 

system’s failure to habituate to repeat the stressor of the same kind280 and this activates 

increased in response to other mediators, manifested as central sensitization leading to 

lower resistance to pain, and sensitivity in response to the same stressor.2 81 Certain 

responses reflect protective adaptive process, for examples, allodynia, phonophobia, 

photophobia, osmophobia, andallodynia, which pains are triggered by the stressors at a 

normal level.2 8 2-2 85 Children attacked by migraine have been sensitive to hot 

temperature at trigeminal area, indicating that greater numbers of nerve cells are being 

stimulated.285-2 87 Thus, the finding from the first phase of this study, headache severity 

using MP,4 9  can explain that migraine has respond to low output level and delayed 

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

 

From the study on headache in different periods of the day, the researcher has 

found that nocturnal headache have no response to SOP during the evening, before 

bedtime. The finding indicates that using smartphone before going to bed does not 

stimulate the brain, in order to result in nocturnal headache (00:00-6:00 a.m.).  
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Meanwhile, daytime smartphone use ( 12:00-18:00 p.m.) with power effect (1.80-1.99 

x10-5mW) and perhaps in combination with night time smartphone use can bring about 

nocturnal headache. Furthermore, using daily dose of SOP for 7 days has been found to 

have nocturnal headache consequence in a reverse dose-response form, which is likely 

to be the adaptive process of the nervous system, particularly in migraine type 

headache. Use of SOP in the morning (6:00-12:00 a.m.) and at night (00:00-6:00 a.m.) 

in the form of high power effect (≥2.00x10-5mW) was found to link with morning 

headache and indicates that students having morning headache will include those who 

use smartphone heavily after midnight. Severe morning headache is not the 

consequence of only exposure to high dose of SOP but also sleep deprivation. 

 

Meanwhile, use of SOP during daytime and in the morning (≤1.79x10-5mW and 

1.80-1.99x10-5mW, respectively)  in the form of power effect has been found to induce 

daytime headache. Furthermore, use of daily dose of SOP for 6 days apparently caused 

daytime headache in the form of dose-response. 

Use of SOP in the evening (≤1.79x10-5mW and ≥2.00x10-5mW, the minimum and 

maximum output level, respectively) has associated with evening headache. Moreover, 

the exposure to daytime SOP for 6 hours (≤1.79x10-5mW and ≥2.00x10-5mW) in the 

form of power effect and daily dose of SOP for 5 days have given rise to evening 

headache in the form of dose-response. The researcher has observed that SOP in the 

range of ≤1.79x10-5mW, which is the lowest level that can trigger headache, probably 

due to the sensitivity of each individual2 7 3 or the response of the nervous system to the 

frequency of Smartphone Electromagnetic Radiation in this range.288 

Nocturnal headache in the present study is different from hypnic headache, as it 

does not wake one up from sleep but it just occurs at night (00:00-6:00 a.m.) and has 

been found in only 5.3% of the participants. However, nocturnal headache, mostly, can 

be classified as migraine type (12.2%). Nocturnal headache has been found to respond 

to the delayed effect of daily dose of SOP in the form of a reverse dose-response, just 

like migraine headache which has some other kinds of protective response for example 

photophobia. There is an adaptive process in the nervous system that migraine 

develops.272 The researcher’s findings ensure that both migraine and nocturnal headache 

will have specific responses to SOP. Furthermore, many of the recent studies of pain 
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potentiated the activation by light289 and the result has shown increasing in cortical 

excitability during migraine attacks and visual hyper-excitability occurred. The pathway 

between the eye and the brain may produce pain. The pain pathway has begun with the 

intrinsically light cells that will transform the light absorbed by the eye into a painful 

stimulus.290 Noseda et al. found that light stimulations activated migraine by dura-

sensitive thalamic neurons that receive photic signals from the retinal ganglion cells and 

transmit signal to cortical areas involved nociceptive. The retinothalamic-cortical 

pathway has provided exacerbation of migraine headache by light.291-293 The 

information ensures that nocturnal headache in the study is migraine which has been 

activated by output power and the light from smartphone. 

 

The findings from the present study point out that MFR from smartphone is likely 

to be the trigger of MPAH and a trigger of headache, particularly the migraine type. To 

be considered as trigger,263 the factor or stressor must contain the following conditions:          

1) Trigger must be able to reach blood vessels or many receptors in the nervous system, 

in order to cause the biochemical reactions. Previous studies revealed that MFR induced 

the response from various neurotransmitters such as cholinergic receptors and 

endogenous-opioids,252-268  2) Trigger must have reasonable linkage with the receptors;  

3) There is a definite amount of exposure to make the response observable. Study 

findings revealed that headache and migraine response to smartphone output power in 

the window effect pattern ( 1.80-1.99x10-5mW and ≤1.79x10-5mW) which are the 

specific levels for the occurrence of response; 4) There might be co-factor for triggering 

effect like use of MP for a long time conversation:  5) Triggers on the central nervous 

system effects must be able to penetrate or damage blood-brain barrier. The existence of 

empirical evidences have proven that MFR causes alteration in blood-brain         

barrier.24, 268, 294-295 

 

5) The mechanisms of headache response to smartphone electro-magnetic radiation 

(SER). 

Smartphone output power, which is smartphone electromagnetic radiation, is a 

chemical pain stimuli, causing alteration of neurotransmitters in human body and 

resulting in slow pain,32 as smartphone is an electromagnetic emission source closest to 

the head. Although the radiation is lower than the standards for maximum permissible 
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levels of exposure.2 2 -2 4 Meanwhile, the nervous system in human is non-equilibrium 

electrical organ controlled by electrochemical process and subjected to oscillation due 

to the electrical process and bio-electro-chemical interaction. The nervous system and 

the oscillatory activities can be interfered by the incoming radiation. The evidences of 

change in the intensity of electrical waves in brain exposed to SER296 and that the 

electromagnetic energy with low intensity can stimulate or induce the functional 

alteration in the nervous systems2 5 -2 6  and affect the biological system of the brain. Lu 

and Huang suggested that the brain was like the antenna of electromagnetic waves 

which will be shaken or kneaded whenever there is signal transmission, and would 

cause of headache.22 SER has been found to affect the areas of thalamas, raphe magnus 

nucleus, and spinal cord which decrease neurotransmitter such as acetylcholine, 

neuronal (nAChR), and has important role in inhibiting pain.2 68 Furthermore, SER has 

been found to affect the function of dopamine-opiate system resulting in lower numbers 

of cells of the neurotransmitter, to the extent that it cannot perform the function of pain 

suppresser.275 Moreover,  use of smartphone will have thermal effects on the facial area 

and will thus enlarge the arteries that supply blood to the dura mater and stimulate the 

trigeminal nerves, which are responsible for sensation. All of these are the main 

mechanisms of migraine headache.277 The response takes place in the nature of          

non-linearity with delayed effect in the form of a reverse dose-response. It is responsive 

to repeated exposures for a long period of time, cumulative effects and the adaptive 

process of human body that can cause allostatic load and the responses sensitive to the 

stressor.  

The present study can be concluded that SOP which is smartphone 

electromagnetic radiation has a relationship with headache in the form of window 

effect. The result shows that migraine and undetermined headache response to SOP. The 

first stage of the early study found that undetermined headache is in the mobile phone 

associated headache (MPAH) group. The result has confirmed that SOP induces 

headache in MPAH group, which should be classified into a secondary headache, while 

migraine was triggered by SOP. 
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Objective 3: To study the correlation between smartphone output power and sleep 

quality among high school students 

4.1.4 The correlation between smartphone output power and sleep quality 

among high school students 

1)  The prevalence of sleep quality 

The prevalence of sleep quality in this stage is the object of repeated measures. 

The prevalence of sleep disorders is 32.1% with a mean sleep quality score of 

3.66±2.07. The prevalence and mean score are lower than the study in Stage 1 (50.5% 

prevalence and 4.8±2.9 mean score). This is concurrent with a previous study conducted 

in 2008 (25-40%)55 but lower than the prevalence found after 2008, which was 52.7% in 

Ethiopia297 (2012),  66.1% in Australia60 (2013), 39.6% in China51 (2014), and 58.7% in 

Lebanon53 (2016), respectively. Meanwhile, the prevalence of the problems of sleep 

difficulty and frequently waking are 8.2% and 29.7%, respectively. The result is 

different from the findings of the study in Stage 1 and concurs with the studies 

conducted in Norway (2014) where prevalence rates were 10% and 4%,298 in China 

(2015) where the prevalence rates were 19% and 15.6%,80 and America (2011) where 

the prevalence rates were 42% and 35%.79 Moreover, the prevalence rates of sleep 

difficulty in Ethiopia297 (2012) and Japan81 (2006) were 36.7% and 27.9%, respectively. 

In the present study, the mean sleeping time is 7.4±1.7 hours with a prevalence of sleep 

loss (<8 hours) at 52.9%, whereas the mean sleep time is7.35±1.23 hours in Taiwan,243 

7:22 ± 2:36 hours in Israel,177 7.28 ± 1.16 hours in Greece57 and 7.39±1.23 hours in 

Lebanon.53 At the same time, the prevalence of sleep loss (<7 hours) is 61% in the 

United States.79 In the study, poor sleep hygiene is 52.1%, coffee drinking of 1–5 

cups/day is 48.3%, and smartphone use before sleep was 27.9%. These findings are 

lower than the findings in the previous study where MP use before sleep was 23.6-

62%.64, 82 The findings concur with the study on the factors related to sleep quality in 

Stage 1, which found smartphone use before sleep to lead to sleep loss (ORadj1.82: 95% 

CI: 1 . 1 0 -3 . 0 1 ) . Furthermore, smartphone use before going to sleep frequently for 

entertained conversations and social media use requires significant time and reduces 

sleep duration. The consequences are inefficient sleep and daytime sleepiness. In the 

present study, the prevalence of daytime sleepiness is as high as 73.4%, which concurs 

with the findings of other studies, 70% in Greece,57 22% in America79 and 90.4% in 
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China.51 Daytime sleepiness resulted in a 48.3% increase in students’ tea or coffee 

intake. 

2) Factors correlated with the sleep quality components 

According to the findings, anxiety and depression create risks for sleep loss 

(ORadj1.04-1.06; 95% CI: 1.02-1.1) , and potentially poor sleep (ORadj1.05-1.06; 95% 

CI: 1.01-1.1) , while anxiety creates risks for morning sleepiness, (ORadj1.06; 95% CI: 

1.03-1.1) . Previous studies have found anxiety and depression to be the common        

co-morbidities encountered with sleep problems in adolescents quantitatively or 

qualitatively. The study by Augner found quality of sleep correlate to depression         

r=-0.57 and anxiety r=-0.54, p<0.01.74 Furthermore, stress299 and depression create risks 

concerning sleep quality (OR 2.47-3.90; 95%  CI: 1.88-8.06).51, 74 This is a frequently 

encountered, as a result of relationships with parents, family problems, and relationships 

with teachers and school, in addition to abandonment, anxiety, and loneliness (OR 2.52, 

CI: 1.15- 5.49151).51 Depressed patients also experience to sleep difficulty through 

insomnia at a rate of 90%,75 while adolescents display symptoms of daytime sleepiness 

will reduce sleep quality into five and two times more likely to be at risk for stress and 

anxiety, respectively. Meanwhile, adolescents experience physical changes resulting 

from growth that leads to susceptibility to depression. The thalamocortical circuit is 

triggered, in addition to the serotonergic, noradrenergic, cholinergic and GABAnergic 

systems. As a result, the sleep regulation system and electrical brain waves are disrupted 

through the supression of the sleep spindle before the occurrence of depression.300 

Furthermore, depression has been found to be linked to the circadian rhythm, which 

played a role in mood regulation, led to delay circadian phase and sleep impacts. Hence, 

the better sleep quality is, the improvement of mood issues are.64 Additionally, 

abnormal mood regulatory system within the brain is also linked with increased REM 

sleep.301 

Headache is correlated to sleep loss (ORadj1.2; 95% CI: 1.03-1.3) and risks for 

sleep problems (ORadj1.1; 95% CI: 1.0-1.3) and potentially leading to poor sleep 

(ORadj1.2; 95% CI: 1.1-1.4). Headaches have been found to disrupt sleep. Although 

sleep can help to relieve headaches, sleep problems and trigger headaches.42 According 

to the findings, migraines increase insomnia risk by 3.5 times, compare to TTH.142 
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Hence, headaches and sleep share a reciprocal connection. Previous studies have found 

that adolescents with headaches have lower sleep qualities260 with higher mean of PSQI 

scores among migraines groups.262 Furthermore, sleep quality has been the factor 

closely linked to the frequency of headaches.262 Adolescents with headaches frequently 

experiences sleep difficulty, inefficient sleep, frequent nighttime awakenings, 

nightmares, and daytime fatigue. In terms of process, the hypothalamus, which is 

connected to the limbic system, retinohypothalamic tract, and brain-stem aminergic 

nuclei are triggered and migraines occur. Concurrently, the hypothalamus is connected 

to the periaqueductal gray (PAG) matter. It triggers orexin to result in “rapid-eye-

movement sleep-off”, while orexin triggers the ventrolateral part of the PAG matter, 

which suppresses anti nociceptive activity in the trigeminal nucleus caudalis and leads 

to migraines.260 Hence, the abnormal function of the brain and biological mechanisms 

are correlated to sleep and migraines.260 Furthermore, the neurotransmitters changes; 

serotonin, dopamine, and melatonin occur,260 and the anti-inflammatory system 

triggered by migraines will affect melatonin,42 lead to reduce REM sleep,42, 273 thereby 

cause abnormal sleep-wake rhythms and drowsiness while awake.42,273  

Poor sleep hygiene has been found the correlation with poor sleep quality 

(ORadj1.2:  9 5 %  CI: 1 . 03-1.3). Inappropriate sleep behaviors and sleep hygiene, in 

addition to increased arousal before sleep such as consumption of coffee or tea, use of 

modern technology such as smartphone, videogames, TVs, computers in the bedroom 

and irregular sleep time, affect bedtime and sleep quality55, 308 as well as daytime 

dysfunction.308 The findings of the study support that behavior modification to achieve 

regular good sleep behaviors, sleeping at regular times based on the circadian rhythm, 

sleeping without hunger, consumption of non-caffeine or non-alcohol, and reduced 

anxiety, arousal, and fear. Enhancing sleep comfort and achieving good sleep hygiene 

can lead to good quality of sleep and morning learning ability.3 08-310 Age (low age) has 

been found to be correlated with poor sleep quality (ORadj1.2: 9 5%  CI:1 .0-1.3). Most 

studies found age correlates with sleep. In other words, a one-year increase in age 

decreases nighttime sleep by an average of 14 minutes. The development of adolescents 

causes changes in sleep structure, especially in the current era of technology. Older 

adolescents go to bed and wake up later times with an increased likelihood for engaging 

in activities at night, thus becoming classified as “owls”. Moreover, the aforementioned 
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adolescents have regular nighttime study and reading obligations increased in social and 

entertainment activities. At this stage, parents pay less attention to the sleep of 

adolescents,52, 62, 80, 311 causing adolescents response to sleep difficulty, inefficient sleep, 

poor sleep quality, and drowsiness.80, 312 The prevalence of insomnia varies by age 

group.55 People whose ages between 9-17 years have reduced slow wave (delta) in REM 

sleep. People whose ages between 11-12 years have decreased slow wave (delta) in 

REM sleep by 66%. Furthermore, female adolescents have developed quickly during 

adolescents’ periods. As a result, a correlation between low age and reduced sleep 

quality was in the majority of female subject to the sample group.312 As in the present 

study, the majority of the sample group is composed of females. Younger students have 

experienced more sleeping problems. The findings differ from most studies. One study 

on students with a mean age of 17.4 years who use smartphone output power      in the 

range of >2.0x10-5mW compared with students with a mean age of 17.9 years who used 

smartphone output power in range of 1.8-1.99x10-5mW ( p<0.01), found that younger 

students have increasingly used smartphone. Increasing in using smartphone leads to 

have higher exposure to electromagnetic radiation and screen light from smartphone. 

High exposure of smartphone light screen in the evening can shorten the circadian cycle 

due to the decreased light sensitivity resulted from melatonin secretion. This leads to 

disruption of the circadian rhythm or sleeps regulatory system, and eventually resulted 

in sleep difficulty. According to the findings, 150-500 lux of light from 11:00 p.m.-0:00 

a.m. and 3:00-4:00 a.m. suppress melatonin response.52 

Body mass index (BMI) was found to be correlated with poor sleep (ORadj2.1: 

95% CI: 1.4-3.2). Pathological studies and experiments conducted in the past found that 

reduced sleep time and quality is related to obesity.72 A study by Penn State found that 

obesity decreases sleep quality and causes stress by 47%, leading to ineffective sleep 

(OR 1.7, CI 1.5-1.8).189-190 According to the findings, high BMI is correlated with three 

times high riskier than less than eight-hours sleep in adolescent men.64 Obesity is 

frequently associated with respiratory system abnormalities due to increased chest and 

abdominal mass, with decreased flexibility of the chest wall, resulting in suppressed 

diaphragm function. Obese people have been found to have increase in sleep latency 

and decreased sleep effectiveness.189 Sleep loss and inadequate sleep changes the body’s 

metabolism and endocrine system, increasing cortisol concentration in the evening 
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along with raised level of ghrelin and reduced level of leptin,72, 313 in addition to the 

increased stimulation of the sympathetic nervous system. As a result, the neurological 

hormone related to hunger and fullness became stimulated leading to increase hunger 

and reduce fullness. Increased in HOMA-IR, an insulin resistant occur,314 leads to 

increase in eating and decrease exercise.  The study has been found an inverse dose-

response relationship,64, 315 that one hour of less sleep increases waistline by up to 80%. 

Nevertheless, the present study has been found the quality of sleep is the mediate 

impacts caused by the use of modern technology on obesity. Hence, appropriate use of 

technology during adolescence can increase sleep quality and reduce obesity.317 

In the present study, internet use has been correlated with sleep difficulty 

(ORadj1.2:  9 5 %  CI: 1 .0-1.5) and non-use of hand-free devices correlated with sleep 

difficulty and sleep problems (ORadj1.3: 95% CI: 1.1-1.6) and (ORadj1.2: 95% CI: 1.01-

1.4).  Adolescents have used smartphone in the evening and at night, around 9:00 p.m., 

up to 62-72% overall.237 Of these, 34-55% involved testing, chatting, and playing 

electronic media and 24% involved playing computer games.41 A strong correlation of 

sleep disturbance led to sleep difficulty and reduced sleep time,64 by a mean of 5.43 

hours, and daytime napping, by a mean of two hours.237, 318-319 Students have been found 

their needs to carry smartphone at all times,40 Furthermore, smartphone and internet use 

from 0:00–3:00 a.m. has increased the risks of daytime fatigue and drowsiness up to 4 

times,2 37, 2 38 while internet addiction increases the risk by five times84 ( 95% CI:          

2.7-10.2) . In chatting, smartphone are frequently placed against the head. Consequently, 

the brain is the most frequently exposed to electromagnetic radiation, resulting in the 

brain activity and function impacts. The electromagnetic radiation from smartphone can 

disrupt brain function, particularly brain waves and sleep structure. This behavior can 

increase in brain wave frequency in the sleep spindle with reduced REM sleep. This 

generally occurs temporarily and not throughout the entire night. Short-term contact, 

however, is sufficiently effective to trigger changes in brain function during the early 

stages of sleep.219 Response to sleep brain wave changes has also found to have a     

dose-response correlation with the level of electromagnetic radiation exposure.248 

Furthermore, the talk mode has caused starting time of sleep to occur later than other 

modes and led to brain wave frequency in the frontal region ranging from 1-4 Hz, which 

indicates a higher brain wave at the start of sleeping time. As a result, the power of 
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electromagnetic radiation in talking mode might be higher than standby mode by up to 

nine times.265 This concurs with the findings of the present study stating that non-use of 

hand-free devices creates risk for difficult sleep and frequently waking up at night. The 

use of hand-free devices must be combined with chatting in smartphone, result in 

increased distance between the smartphone and the head during conversations, in order 

to reduce exposure to electromagnetic radiation. Hence, the findings confirm that use of 

hand-free device is correlated with sleep. Additionally, smartphone use for text, 

entertainment, or conversations at night disrupt the function of the parts of the nervous 

system which is responsible for regulating waking and sleeping. Melatonin suppression 

has affected the circadian rhythm with reduced REM sleep.64, 212 As a result, it is 

increased risk for sleep difficulty, frequently waking during night, and reduced sleep 

time and   quality.81, 237 

3) Factors correlated with daytime sleepiness 

Daytime sleepiness is an assessment of impacts resulting from sleep quality 

problems which is hard to accurately assess. Daytime sleepiness is correlated with the 

increased level of the mediate involved in inflammation and increased cytokines, a 

medium that regulates sleep and affects drowsiness and fatigue. 

 

Poor sleep hygiene has potentially caused daytime sleepiness (ORadj1.2: 95%  CI:      

1 . 03-1.4). According to the findings, poor sleep hygiene involving sleeping late, 

drinking coffee and smoking before bedtime, and napping during the evening on a 

regular basis, can cause frequent waking up. This can lead to inefficient sleep and 

reduced sleep time and sleep quality. It is also correlated with daytime sleepiness.310, 320 

A correlation was found between sleep hygiene and sleep quality (r=0.40-0.05, 

p<0.01).321 Napping in the evening can result in the ability to perform activities at night 

without feeling drowsy leading to reduced sleep time at night. A study by Dewald and 

colleagues found that inadequate sleep, reduced sleep quality, and drowsiness could 

result from disturbances to the pre-frontal cortex function, which played a part in 

regulating sleep.322 

 

Anxiety was found to be correlated with daytime sleepiness (ORadj 1.1: 95%  CI:       

1.01-1.1) to a very small degree. Nevertheless, anxiety has affected the amount and the 
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quality of sleep, as well as causing nightmares, which is a cause of suicidal idea.3 2 3-325 

Triggered biological systems associated with stress can cause fatigue.324 Furthermore, 

daytime sleepiness is frequently encountered in evening cronotypes326 and highly 

depressed individuals.327 Correlations are frequently found between depression and 

increased sleepiness at younger ages. According to the findings, depression is a 

metabolic factor more frequently associated with sleepiness than sleep disturbance and 

poor sleep quality.328 Most studies found sleep quality problems associated with 

daytime sleepiness. Corresponding to the present study, the result found PSQI has 

correlated to daytime sleepiness (ORadj1.3:  9 5 %  CI: 1 .3-1.4). The study on factors 

related to sleep quality in Stage 1 found PSQI to create risk for daytime sleepiness with 

the highest degree of correlation (ORadj9.0: 95%  CI: 2.7-29.9). Adolescents with sleep 

quality problems, whether insomnia, inadequate sleep (<6.5 hours), inefficient sleep 

(70%), or poor sleep quality have correlations with daytime sleepiness, emotional 

response problems, behaviors, and learning abilities.3 06, 3 12, 3 29-3 31 Nighttime sleep 

schedule changes are also related.331 Adolescents enjoy the “night owl” lifestyle and 

have increased engagement in nighttime activities because adolescents are experiencing 

development that causes biological changes involving sleep-way processes regulated by 

the internal clock and secretion of hormones for maintaining sleep balance. As a result, 

their circadian rhythms delayed lead to reduced sleep time at night and poor sleep 

quality.306 

 

Caffeine has been found to be correlated with sleepiness (ORadj1.8:  9 5 %  CI:      

1.4-2.2). Caffeine is also associated with frequently waking and sleep disturbance; it can 

also lead to poor sleep quality, which causes daytime sleepiness. Caffeine disrupts 

adenosine function along with the parts of the nervous system that promote sleep. This 

results in sleep disturbance,306 suppressed slow wave and REM sleep, and reduce sleep 

in stages 3 and 4. Furthermore, the findings demonstrate how caffeine suppresses the 

function of adenosine regulating the sleep balance process54, 303 and reduces melatonin 

in the urine. This reduces sleep quality and causes daytime sleepiness.307 However, 

discontinuation of regular caffeine intake has led to caffeine shortage symptoms, even 

in regular small doses discontinuation for short periods and led to sleepiness.307 
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4) Smartphone output power (SOP) and sleep quality 

In the present study, SOP use in the evening and nocturnally is pre-bedtime use 

and usage during sleep time. While use during daytime and morning is Lag_1 and 

Lag_2 at 6-hour lags (or delayed effect) and daily lags (24 hours). The study has found 

response in sleep quality in each domain correlate with SOP in the forms of power 

effect and dose-response. Sleep difficulty, inefficient sleep, and morning sleepiness 

patterns have power effect response to SOP (≤1.79 and 1.80-1.99 x10-5mW). Inefficient 

sleep is a calculation of the total sleep time and duration on the bed. Therefore, there are 

responses to smartphone output power in two ranging (≤1.79 and ≥ 2.0 x10-5mW). 

Meanwhile, sleep loss and sleep problems have responded to smartphone output power, 

periodically ranging to the highest value of SOP (≥ 2.0x10-5mW). Poor sleep is overall 

sleep quality and calculation of the sum of every sleeping domain. Therefore, there are 

responses to smartphone output power in power effect and the highest value range of 

SOP. This result has confirmed that increased and longer SOP use result in reduced 

sleep time. The majority of systematic review findings indicated that the use of 

smartphone and new technology before sleep cause late sleeping time. Adolescents have 

used smartphone in the evening and at night after the lights are turned off at 9:00 p.m. 

up to 62-72%.237 Furthermore, smartphone and Internet use from 0:00-3:00 a.m.237 has 

been found to be as high as 34-55%, consist of text messages, chatting, and 24% online 

activities like video games.82 These are correlated with sleep disturbance ( OR1.79;      

95% CI:1.39-2.31) and reduce sleep time and quality (OR 1.53; 95% CI: 1.11-               

2.10).64, 317,332-334 In the present study, the mean sleeping time is 7.4±1.7 hours with the 

presence of sleep loss (<8 hour) at 52.9%. Similarly, sleep loss (<7 hours) in America is 

61%,79 while mean sleeping time is 7.35±1.23 hours in Taiwan243 and 7.28±1.17 hours 

in Greece.57 Furthermore, the study findings at Stage 1 has found the prevalence of 

sleep loss to be 67.7% with a mean sleep time of 6.88±1.28 hours. The data indicates a 

decreasing trend of mean sleeping time. Hence, frequently waking and insufficient sleep 

time frequently cause sleepiness during the waking times. Sleep loss, sleep problems, 

and morning sleepiness respond to SOP use in the group with the greatest number by 

dose-response. 
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The study findings show that SOP creates risks for sleep difficulty and inefficient 

sleep, morning sleepiness, as well as poor sleep in the form of power effect. The 

information provided has indicated that SOP influences the parts of the nervous system 

that are responsible for sleep regulation. Similar to many studies, smartphone use 

increases the risk for sleep difficulty by 2.85 times ( 95% CI: 1.58-5.13). 6 4 , 8 1 , 335-336 

Moreover, the findings concur with a previous laboratory study finding which states that 

electromagnetic radiation can alter brain waves as measured by EEG. The information 

clearly illustrates that brain cells have unstable electrical characteristics and function to 

regulate and control physical functions.26, 265 The result can also be measured by 

electrical waves sorted in frequencies corresponding to the brain function 

characteristics. The majority of studies found increased brain wave response to occur in 

the alpha frequency. 

Furthermore, previous laboratory studies have found increased intra-cortical 

stimulation and decreased suppression during exposure to MFR.279 Subsequent to the 

first ten minutes of exposure, increased brain wave changes are induced at the alpha 

frequency from 11.5-12.25 Hz during the initial stage of non-REM sleep.2 47-248, 3 37-3 41 

Increased slow sleep spindles are found, while REM sleep time shortens.246, 338-341 

Reduced slow-wave sleep (SWS), which is deep sleep, occurs.340 The increase in alpha 

brain wave is found in the temporal region exposed to electromagnetic radiation from 

smartphone the most. Furthermore, the alpha frequency in the frontal area decreases. 

The alpha frequency in the frontal region functions to maintain sleep.342 The different 

responses of the brain regions to MFR have resulted from the uneven distribution of 

electromagnetic radiation on the brain.278 Repeated exposures also produce the same 

results, after one hour of discontinued exposure, the physiological characteristics of the 

brain revert to their normal state.279 However, no effect has been found on sleep 

structure.2 88,3 40 Meanwhile, exposure of MFR for up to eight hours increases sleep 

latency and REM sleep latency without change, regardless of exposure size.343 The 

findings concur with a study in lab rats that are exposed to MRF for a period of one 

month.344 

  

Nevertheless, the time course of response changes depends on each study. 

Additionally, the response is a low degree which depends on the sensitivity of each 



 

155 

individual.273 Furthermore, the study has been found that electromagnetic waves with 

frequencies similar to the brain wave frequencies increases the response in the brain.344 

Changes in brain waves during the sleep stage have dose-response correlations with the 

MFR power. A study by Regel and colleagues found brain wave power at spindle 

frequencies to increase by 7.7, 10 and 13.6% after exposed to electromagnetic radiation 

(SAR 10g) at 0.2, 1 and 5 W/kg.248 This differs from the findings of the present study 

that found that prolonged sleep latency has power effect response to SOP (the range of 

≤179x10-5mW and 1.80-1.99x10-5mW). The power might be consistent with brain 

waves. Similarly, a study conducted by Schmid and colleagues, which administered 

exposure of EMF at a frequency of 14 Hz, found increased spindle frequency in the 

NREM range, while EMF exposure at 217-Hz frequency revealed an increase but 

without statistical significance.288 Additionally, a study by Regel and colleagues that 

administered exposure to MFR through GSM 900 signals with SAR10 g at 0.2 and 5    

W/kg resulted in sleep duration of 19.4±2.4 min and 20.7±2.8 min without 

differences.265 

 

Furthermore, on talking mode use, sleep latency was greater than the standby 

mode with increased brain wave power at a frequency of 1-4 Hz in the frontal region    

(1-4 Hz EEG frontal power).2 6 5 This might be due to the fact that the electromagnetic 

strength is nine times higher than the standby mode.265 Furthermore, a study conducted 

by Gogineni found talking mode to have 20 times higher output power (200mW) than 

the standby mode (20Mw).20 Additionally, it is hypothesized that the talking mode is 

similar to electromagnetic low frequency at 8 Hz and 217 Hz frequencies, which can 

affect the onset of sleep. It is possible that sleep onset responds to the talking mode due 

to the 8 Hz frequency. However, the data remains unclear in humans.265 The 

electromagnetic wave responds to exposure from smartphone electromagnetic radiation 

(SMR) stimulates the cortical neurons. This leads to the reticular nucleus of the 

thalamus in the subcortical region to emit signals to the cortex. The return signals of the 

corticothalamic then cause synchronization, which leads to the occurrence of sleep 

spindles. As a result, REM sleep decreases and brain wave power within a frequency 

range of 11.5-12.25 Hz increases.247, 278, 338-339 Furthermore, MFR has been found to 

increase  the regional cerebral blood flow in the dorsolateral prefrontal cortex, the same 

region exposed to MFR (ipsilateral). 246, 341 This alters the electrical characteristics of the 
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brain cells2 48, 2 6 5, 3 45-346 causing more stimulation (excitable) with increased regional 

cerebral blood flow. Additionally, a study by Kesari and colleagues found exposure to 

2.45-GHz of MFR to decrease calcium ion efflux from the pinealocytes, led to 

decreased melatonin. Numerous experimental studies have found that MFR affects the 

concentration of calcium ion, which has an important function in the nervous system 

and changes in neurotransmitters.116 

 

Alpha brain wave is an indicator of the starting stage of sleep, while alpha brain 

wave in the frontal region functions in the process for maintaining sleep.342 Therefore, 

response to increased alpha brain waves resulting from smartphone use provides 

confirmation to the present study that sleep difficulty and morning sleepiness have 

power effect response to SOP, while sleep loss have dose-response to SOP. This 

indicates that extended smartphone use before sleep decreases sleep duration. 

Furthermore, several previous studies conducted by Burch and colleagues, Wood and 

colleagues, and Jarupat and colleagues found groups that used telephones for more than 

25 minutes per day to have decreased 6-hydroxymelatonin sulfate (6-OHMS), which 

wasthe metabolized melatonin and excreted into urine and saliva.249-251 According to the 

findings, the secretion of melatonin from the pineal gland was sensitive to 

electromagnetic waves.252 

 

Meanwhile, poor sleep has power effect response to SOP in two ranges  (the range 

of >2.00 and 180-199x10-5mW) because poor sleep is the sum of every domain 

regarding sleep quality and it can be resulted from exposure to the light of smartphone 

displays, which are light-emitting diodes (LED) backlit screens. These screens are lit in 

the back by short wavelength LEDs (460 nm). Hence, they are sensitive to 

photoreceptors and can stimulate the melanopsin in the retinal ganglion cells.347 This 

transmits signals to the suprachiasmatic nuclei, which then transmits signals to the 

pineal gland in order to suppress the secretion of melatonin. Meanwhile, signals are 

emitted from the visual photoreceptor system to stimulate the ascending arousal system, 

resulting in increased wakefulness. Signals have sent to suppress the ventrolateral 

preoptic nucleus and the noradrenergic locus coeruleus systems.348 This leads to 

disruption of the internal clock or sleep balance system due to delayed circadian rhythm, 

resulting in sleep difficulty. The study has been found that 150-500 lux of light from 
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11:00 p.m.-0:00 a.m. and 3:00-4:00 a.m. suppresses melatonin response and52 lead to 

sleep difficulty.11, 49 According to the findings, photoreceptors in the retinal ganglion 

cells are not sensitive to short wave lengths (short-wavelength~ 420 nm).347 Hence, 

previous studies found that staring into the screen of an electronic device for a         

period >1 hour increased the risk of sleep difficulty by 3.4 times349 and exposed to an 

LED backlit screen <100 lux for two to four hours suppresses melatonin secretion in the 

evening and affected the circadian rhythm, thereby led to reduce REM sleep.64, 212 

Furthermore, EEG is found at the frequencies of 1-7 Hz (slow-wave activity) in the 

frontal brain region, while NREM decreases. This results in sleep difficulty and sleep 

disturbance.3 47, 350 Therefore, smartphone use, whether for texting, entertainment, or 

chatting at night, can disrupt the function of the parts of the nervous system that are 

responsible for regulating sleep-wake cycle, lead to higher risk of sleep difficulty, 

frequent waking up during night, and reduce sleep time and quality, eventually causing 

daytime sleepiness.81,237 Furthermore, sleep quality in nearly every domain has been 

found to respond to lag (or delayed) effects of SOP. Heavily smartphone use in the 

morning from 6:00 a.m.-12:00 p.m. has resulted in delayed effects (6 hours) on sleep 

difficulty, sleep loss, sleep problems, morning sleepiness, and poor sleep quality. 

Daytime use of smartphone with an output power (12:00-6:00 p.m.) ranging from    

1.80-1.99x10-5mW resulted in delayed effects on poor sleep quality. On the other hand, 

daily dose of SOP has delayed effects (24 hours) on sleep difficulty, sleep loss, and poor 

sleep (Lag 6, Lag 4 and Lag 5, respectively) in the form of a reverse dose-response. The 

findings of the present study are consistent with the study by Lowden and colleagues in 

which an experiment was conducted to administer repeated MFR exposures for periods 

of four hours. The study found increased in brain wave activity at the frequencies of 

0.5-1.5 and 5.75-10.5 Hz (delta, theta and alpha frequency bands) at 30 minutes, one 

hour and two hours of sleep in Stage 2. That no change was found on the power of 

electrical brain waves during slow wave sleep or in the third hour of sleep in stage 2. 

This shows that prolonged MFR exposure has acute and continuous impacts, involving 

electrical brain waves in the alpha frequencies.273, 340 It might not immediately disappear 

after the smartphone is turned off or discontinuing the exposure. Instead, the changes 

gradually subside and disappear within ten minutes.351 Moreover, a study in lab rats has 

exposed to MFR through GSM signals from smartphone with SAR values of 0.12, 1.2, 
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12 and 120mW/kg for two hours found different levels of albumin to leak out from the 

arteries in the rats at two hours, seven days, and fourteen days after recovery at the rate 

of 50%, 25% and 29%, respectively. The increasing of leakage of albumin at 14th days 

might be resulted from new openings in the blood brain barrier352 as U-curve response 

or delayed effects of daily dose of SOP to sleep quality in the form of a reverse-dose 

response. Furthermore, the findings concur with a study conducted by Berneret and 

colleagues that found changes in protein synthesis from MFR exposure with SAR value 

of 2mW/kg for eight hours. Which no change was found from exposure at 30 minutes 

and one hour. However, changes encountered could revert to normal after two hours of 

exposure. The changes occurred due to prolonged exposure.353 

 

Therefore, brain system response to MFR exposure might be the result of 

simultaneous stimulation and suppression. The study by Noor and colleagues found 

low-level of MFR exposure through smartphone to trigger stimulation and suppression 

of amino acids in the cerebellum of adult and young lab rats, after one hour of exposure. 

Additionally, in young animals, neurochemical suppression have been found in one 

month exposure but reverted to normal after one to two months after exposure, with 

increasing of stimulation by the fourth months after exposure. The adult animals have 

fluctuated changes throughout the entire experiment which reverted to normal after two 

to four months after exposure, followed by suppression of neurochemicals by the fourth 

months after exposure. Thus, both stimulation and suppression have affected brain 

system response to a MFR exposure at the same time. The stimulation in one system 

might suppress another system and that short-term exposure might cause both acute and 

long-term effects with a period of recovery to normal due to the adjustment of the 

brain.354 The aforementioned data indicates that the nervous system can adapt and re-

balance itself after exposure to MFR.  However, repeated exposure eventually leads to 

stress that causes the balancing process to fail. This can lead to abnormalities in the 

system.355 

 

5) The mechanism of sleep response to smartphone electromagnetic radiation 

(SER). 

Smartphone electromagnetic radiation disturbs the cortical neurons causing the 

reticular nucleus of the thalamus in the sub cortical region to send signals to the cortex 



 

159 

lead to changes in electrical brain waves. As a result, the brain wave power in the alpha 

frequency band and sleep spindle in the non-REM sleep stage increase, while            

slow-wave sleep, which is deep sleep and REM sleep, decrease. This leads to sleep 

difficulty and frequently waking. At the same time, adolescence is in a stage of growth 

with physiological and brain changes. This causes brain waves in the alpha (8-12 Hz) 

and beta bands (13-30 Hz) to increase with oscillation of delta (0–3 Hz) and theta bands 

(4-7 Hz) to decrease according to changes in brain wave synchronization.356 Hence, 

adolescents have increased sensitivity to electrical brain wave response to SER 

exposure. 

Adolescents live in the digital age,76 who aged group ranks in the top three of the 

highest possession and use of technology11 and frequently spends time at night. As a 

result, adolescents are exposed to SER and smartphone screen lighting, which is short 

wavelength light (450 nm) that sends signals to the suprachiasmatic nuclei. Signals are 

then transmitted to the pineal gland to suppress the secretion of melatonin. Meanwhile, 

signals are transmitted from the visual photoreceptor system to stimulate the ascending 

arousal system in order to increase wakefulness. While signals are sent to suppress the 

ventrolateral preoptic nucleus system and the noradrenergic locus coeruleus348 in order 

to prevent sleep. Adolescents have growth and biological changes in the sleep-wake 

process controlled by the internal clock and hormone secretion for a balance sleep. As a 

result, the circadian rhythm is delayed in adolescence and adolescents enjoy spending 

time at night as “night owls” in increased nighttime activities.306 In addition to extensive 

use, there is potential impact from sensitivity to exposure to smartphone screen light, 

resulting in sleep quality problems. 

The previous study result showed the environmental variables influences on 

headache, for example weather and smog.357, 358 The study has not been measured 

environmental variable, which is the limitation of the study.  However, the study is a 

panel study, meaning the outcomes and exposures are followed in the same sample 

group. The same samples in same environment, considered as controlling individual and 

environmental confounder. 

This study has found the curious result of slight SOP value in the range of ≤1.79,       

1.8-1.99x10-5mW. Also, the study has also been found the correlation with the nervous 

system that concurred with the average power consumption of a human cell, at        

https://dict.longdo.com/search/curious
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1x10-9mW. While the human is exposed to the cosmic microwave background radiation 

of 3x10-3mW from an early stage of the universe in Big Bang cosmology.359 The value 

of SOP in this study, which can induce the nervous system, might be the trend of low 

output power and not the exact value. Furthermore, the result might be the response of 

the nervous system to the electromagnetic frequency. It should be an interesting study in 

the future. 

 

Conclusion 

Smartphone output power, which is smartphone electromagnetic radiation, has a 

non-linear correlation with neurological impacts and the non-linear response is a close 

connection between environmental and living factors.111 The smartphone output power 

has affected to headache, sleep difficulty, inefficient sleep, morning sleepiness, and 

poor sleep quality in the range of ≤1.79 and 1.8-1.99x10-5mW which has been called the 

window effect responses. The result shows that migraine and undetermined headache 

response to SOP. In the first stage, undetermined headache is in the same group with 

mobile phone associated headache. The result has confirmed that SOP has induced 

headache in MPAH group which should be classified into secondary headache. The 

result has also found headache response to delayed effect of SOP in the form of dose-

response except migraine that’s with a specific response. Additionally, smartphone 

electromagnetic radiation has effects that fit the criteria for triggers that induce 

headaches, especially migraines. However,  nervous system has accumulated and 

delayed effect response on repeated exposure which can recovery and re-balance itself 

after exposure to MFR, but data of time to recovery was unclear. Finally, the result 

shows the trend of low output power that correlated with the nervous system. 

4.2   Limitation and strength of the study 

4.2.1 The Limitation of the study: 

1) The study of headache and quality of sleep has not been conducted by a 

diagnosis of a doctor, but conducted by diagnosing headache and divided into each type 

of headache, so the disadvantage of the study is lacking of answer’s accuracy. The 

researcher dealt with the problems by defining the importance of the represented 

subjects and how they should give accurate answers, so that the study can be used for 

https://en.wikipedia.org/wiki/Big_Bang
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the future study all over the country or even all over the world. The researcher has also 

explained the meaning of each question in order to provide the accurate answers related 

to the objective of the study. When the researcher has entered the second phase, LINE 

application has been used to collect data. LINE group has been created in one group for 

one classroom so that the results of daily track records have easily been kept. The 

researcher has also met the subjects twice a week, then every 30 days, for paying the 

subjects and encourages the subjects to continue collecting daily data. 

2) A potential limitation of the study is the unequal distribution of males and 

females. 

3)  When entered second phase, the subjects have final examinations and summer 

holidays and some students had problems of recording data. In this phase, because of 

the reasons mentioned above, 55 of the subjects were excluded from the study. The 21 

of the excluded students were in grade 12, 15 were in grade 11, and 19 were in grade 

10. The remaining subjects were lengthened their data collecting time as a result. Some 

of the subjects have less than 60 days data, and some have more than 60 days data. The 

remaining subject was 145 people and 12,696 data for analyzing in total. 

4)  The smartphone’s output power data has not been collected properly as power 

intensity and absorption rate, which is different from other studies. The researcher found 

the window reaction or non-linearity relationship prior to the study conducted by 

Panagopoulos et al. The study explained that the specific absorption rate calculated was 

in the linear relationship. 

5)  Measuring smartphone’s output power has been researched by using the data in 

the smartphone, not measuring the electromagnetic radiation from outside, so it would 

not be interfered by outside exposure, but in reality the subjects always exposed to the 

outside electromagnetic radiation which can lead to misclassification of exposure. 

Therefore, the researcher will concern the exposure of electromagnetic radiation from 

outside and inside the smartphone or in the environment should be used in the future 

study. 

 

4.2.2 The strength of the study:  

1) The study of the relationship between exposure of smartphone’s output power 

and headache is the pioneer study in human, which is performed in an observational 
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study, meaning the researcher has studied the environment factor as it really is. The 

study has been designed in prospective time series which can identify the cause and the 

effect of each other. Moreover, time series can limit the confounder which 12,696 data 

required 12,696 subjects and a lot of confounder will be found and hard to control. In 

the study, the researcher has only used 145 subjects, so the researcher would have better 

control of confounder and avoid recall bias by collecting data day by day. 

2) The study has been a panel study, meaning the outcomes and exposures have 

been followed in the same sample group. The same samples in same environment have 

considered as controlling individual and environmental confounder. 

3) The study has large sample size, which possibly made an analysis even the 

effect of slight SOP in the range of ≤1.79, 1.8-1.99 x10-5mW on nervous system. 

4) The sampling subjects in the study have included every classroom in each year, 

so the ratio of each classroom of all boys and girls will be calculated to achieve the 

objective of study. 

5) The tools used in the study have relied on the technology, by creating an 

application which is used to answer the questions and collect data. The input data from 

the subjects can be checked anytime, so the subjects who do not fill in the information 

can be tracked down easily. The researcher also conveniently communicates to every 

subject through LINE group. An application was created in order to measure 

smartphone’s output power, by using the information collected by the smartphone itself. 

The application was designed to open, save, and send data through email, then clear the 

data from its own memory in order to start collecting new data. The email is specific 

design for each person, so all the subjects have to give the information by clicking the 

email button. Moreover, the application used for answering and collecting data will 

decrease the mistakes which can occur in the analysis phase. 

6) The data that the researcher got is the data about everyday sleep. Every 

parameter of sleep has been collected so the information was the truth. Plus data of 

output power collected by the smartphone itself, as a result the researcher can assure 

that there is no bias from the subjects. 
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4.3 Suggestion 

4.3.1 How to use smartphone safely?  

1) From the study, the researcher found that talking on smartphone with no hand-

free device is more likely to be a risk factor for headache and sleep problem because 

smartphone is a source of electromagnetic energy used closed to the head. So the safe 

way to use a smartphone is to position it far away from our head. 

2) Hand-free, which comes with every purchased phone, should clearly suggest 

the way to use it together with the smartphone, in order to achieve highest safety. 

3) When the phone is connected to the other end is the time that phone creates 

highest amount of radiation, so using speaker and not position the phone onto our ear 

are ways to avoid harming ourselves.  

4) Talking on the phone while driving, walking, or moving around means the 

subjects are we’re leaving the area of one base station and move 

5) Into another base station, which will increases the MFR. Talking on the phone 

during driving or moving also increases the risk of accident. 

 

4.3.2 Health care system 

1) The study has found that SOP is a trigger of migraine and associated with 

headache and sleep problem. Thus, the headache and sleep clinic should improve health 

care for the health problem about smartphone use of the patients, suggesting safety 

smartphone use, preventing chronic headache, and improving sleep quality.  

2) The safety use of smartphone campaign and poster should be conducted in high 

school and university in order to prevent vulnerable group about health impact. 

4.3.3 Policy advocacy  

1) Currently, there is no epidemiological evidence which can guarantee the 

maximum radiation exposure level that is safe for smartphone use to prevent 

overexposure, but the limit of exposure usually conflict with the minimum energy 

required for smartphone to function normally. In the study, the researcher found trend of 

low output power (1.79, 1.88-1.99 x10-5mW) which is lower than the standard, 2 . 0 

W/Kg in 10 g of tissue, calculated by ICNIRP,22, 86, 360 but it can disturb human nervous 

system and change the wave form of our brain. So safe usage of smartphone should be 
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clearly indicated. For example, use of smartphone in children under the age of 14,361 the 

school should create a rule in order to limit the use of smartphone such as limit the area 

which Wi-Fi can be used or limited the period of time in which smartphone can be used. 

As mentioned above, we can limit smartphone use, promote smartphone use for 

academic purpose362 and explain the disadvantages of using smartphone for a long time 

only for entertainment purpose. 

2) Nowadays the telephone charges, Wi-Fi, or internet are facilitated as a package 

which cause children and adolescences to use the smartphone days and nights. So the 

charges for smartphone should be appropriately adjusted. Change of signaling should 

also be done by using medium or low antenna and increase the number of the antenna 

instead.  

 

4.4 The future study 

4.2.1 Further study should include measurement the frequency of electromagnetic 

and electromagnetic field in the area, so all of electromagnetic exposure can be taken 

into account. 

4.2.2 In the study, the researcher did not include output power while using 

smartphone mode, period of time, and frequency into the study. If they were taken into 

account, suggested that the properly use of smartphone should be written, such as how 

long talking mode should be used or how long other modes should be used, so that it 

will not affect to the people’s health. 

4.2.3 Further study should include subjects with underlying diseases, because 

stimulation from electromagnetic can worsen the underlying disease. 
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APPENDIX A 

Model estimation 

Table 1A Odds ratio (OR) of headache and their 95% confidence intervals for each 

factor and adjusted for all other factors using GEE (AR1, QIC=8397.221, 

QICC=8366.525) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 1.399 4.049 0.531 30.883 0.18 

Age -0.283 0.754 0.673 0.844 <0.01 

Anxiety score 0.079 1.083 1.036 1.131 <0.01 

Depression score 0.038 1.039 0.994 1.086 0.09 

PSQI score 0.050 1.051 1.017 1.086 <0.01 

WIFI yes 0.895 2.447 1.935 3.095 <0.01 

WIFI no 0a 1       

Hand-free  no 1.169 3.220 2.247 4.616 <0.01 

Hand-free  sometime  0.650 1.915 1.235 2.969 <0.01 

Hand-free  usually 0a 1       

SOP (x10-5mW)           

≤1.79 0.125 1.133 0.877 1.464 0.34 

1.8-1.99 0.609 1.838 1.201 2.814 0.01 

≥2.0 0a 1       

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of headache 

symptom )  = 

1.399-0.283 (Age)+0.079 (Anxiety score)+0.038 

(Depression score)+.050 (PSQI score)+0.895 (WIFI) 

+1.169 (No Hand-free)+0.650 (Sometime Hand-free) 

+0.125 (SOP ≤1.79 x10-5mW)+0.609 (SOP 1.8-1.99 

x10-5mW) 
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Table 2A Odds ratio (OR) of duration pain and their 95% confidence intervals for 

each factor and adjusted for all other factors using GEE (AR1, 

QIC=3473.753, QICC=3458.362)  

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 2.136 8.468 0.508 141.175 0.14 

Age -0.391 0.676 0.574 0.796 <0.01 

Anxiety score 0.094 1.099 1.052 1.148 <0.01 

BMI  abnormal  -0.403 0.668 0.416 1.072 0.09 

BMI  normal 0a 1       

WIFI yes 0.880 2.412 1.751 3.322 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.107 3.025 1.735 5.274 <0.01 

Hand-free  sometime  0.403 1.497 0.769 2.916 0.24 

Hand-free  usually 0a 1       

SOP (x10-5mW)(daily 

dose) 
     

≤1.79 0.432 1.540 1.080 2.194 0.02 

1.8-1.99 0.503 1.653 0.727 3.757 0.23 

≥2.0 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP  

 

Logit (probability long duration 

pain (>4hr.) = 

 

2.136-0.391 (Age)+0.094 (Anxiety score)-0.403 

(BMI)+0.880 (WIFI)+1.107 (No Hand-free use)+0.403 

(Sometime Hand-free )+0.432 (SOP ≤1.79x10-5mW)    

+ 0.503 (SOP 1.8-1.99x10-5mW) 
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Table 3A Odds ratio (OR) of frequent headache and their 95% confidence intervals for 

each factor and adjusted for all other factors using GEE (AR1, 

QIC=10672.192, QICC=10572.754)  

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 3.327 27.843 3.899 198.814 <0.01 

Age -0.366 0.693 0.621 0.774 <0.01 

Anxiety score 0.102 1.108 1.077 1.140 <0.01 

PSQI score 0.035 1.035 1.003 1.068 0.03 

BMI abnormal  -0.402 0.669 0.437 1.025 0.07 

BMI normal  0a 1       

WIFI yes 0.682 1.978 1.570 2.492 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.153 3.167 2.233 4.493 <0.01 

Hand-free  sometime  0.759 2.136 1.314 3.475 <0.01 

Hand-free  usually 0a 1       

SOP (x10-5mW)      

≤1.79 0.051 1.052 0.818 1.354 0.69 

1.8-1.99 0.441 1.554 1.125 2.146 0.01 

≥2.0 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of 

frequent headache)  = 

3.327-0.366 (Age)+0.102 (Anxiety score)+0.035 (PSQI 

score)-0.402 (BMI)+0.682 (WIFI)+1.153 (No Hand-free) 

+ 0.759 (Sometime Hand-free)+0.051 (SOP ≤1.79x105mW) 

+0.441 (SOP 1.8-1.99x10-5mW)     
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Table 4A Odds ratio (OR) of frequent headache and their 95% confidence intervals 

for each factor and lag dose adjust for all other factors using GEE 

(Exchangeable, QIC=10721.426, QICC=10654.986)  

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 3.131 22.894 3.029 173.029 <0.01 

Age -0.351 0.704 0.627 0.791 <0.01 

Anxiety score 0.102 1.108 1.081 1.135 <0.01 

PSQI score 0.022 1.022 0.994 1.051 0.12 

WIFI yes 0.654 1.923 1.558 2.373 0.000 

WIFI  no 0a 1       

Hand-free  no 1.092 2.980 2.169 4.095 <0.01 

Hand-free  sometime  0.764 2.146 1.386 3.323 <0.01 

Hand-free  usually 0a 1       

Lag_5 2.025 7.576 2.018 28.444 <0.01 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of frequent 

headache)  = 

3.131-0.351 (Age)+0.102 (Anxiety score)+0.022 (PSQI 

score)+0.654 (WIFI)+1.092 (No hand-free)+0.764 

(Sometime hand-free )+2.025 (SOP Lag_5mW) 
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Table 5A Odds ratio (OR) of pain score and their 95% confidence intervals for each 

factor adjusted for all other factors using GEE (AR1, QIC=19288.465, 

QICC=19144.925) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 1.756 5.788 1.048 31.970 0.04 

Age -0.246 0.782 0.709 0.863 <0.01 

Anxiety score 0.077 1.080 1.045 1.117 <0.01 

Depression score 0.037 1.038 1.005 1.072 0.03 

BMI  abnormal  -0.284 0.753 0.551 1.029 0.08 

BMI  normal 0a 1       

PSQI score 0.054 1.055 1.025 1.086 <0.01 

WIFI yes 0.828 2.289 1.868 2.804 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.163 3.200 2.211 4.631 <0.01 

Hand-free  sometime  0.745 2.106 1.401 3.165 <0.01 

Hand-free  usually 0a 1       

SOP (x10-5mW)      

≤1.79 0.130 1.139 0.920 1.410 0.23 

1.8-1.99 0.670 1.954 1.420 2.688 <0.01 

≥2.0 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of 

pain score)=   

1.756-0.246 (Age)+0.077 (Anxiety score)+0.037 Depression-

0.284 (BMI)+0.054 PSQI score+0.828 (WIFI)+1.163 (No hand-

free)+0.745 (Sometime hand-free)+0.130 (SOP ≤1.79x10-5mW) 

+0.670 (SOP ≤1.8-1.99x10-5mW)    
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Table 6A Odds ratio (OR) of pain score and their 95% confidence intervals for each 

factor and lag dose adjusted for all other factors using GEE (AR1, 

QIC=19480.688, QICC=19362.260) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 1.625 5.079 0.823 31.331 0.08 

Age -0.236 0.790 0.711 0.877 <0.01 

Anxiety score 0.077 1.080 1.044 1.116 <0.01 

Depression score 0.033 1.034 1.000 1.069 0.05 

PSQI score 0.051 1.052 1.022 1.083 <0.01 

WIFI yes 0.841 2.318 1.896 2.835 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.143 3.137 2.194 4.485 <0.01 

Hand-free  sometime 0.725 2.064 1.375 3.100 <0.01 

Hand-free  usually 0a 1       

SOP Lag_5 (mW) 1.931 6.894 1.640 28.980 0.01 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of 

pain score) = 

1.625-0.236 (Age)+0.077 (Anxiety score)+0.033(Depression 

score)+0.051 PSQI score+0.841 (WIFI)+1.143 (No hand-free 

use)+0.725 (Sometime hand-free)+1.931(SOP Lag_5) 
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Table 7A Odds ratio (OR) of TTH and their 95% confidence intervals for each factor 

adjusted for all other factors using GEE (AR1, QIC=6959.624, 

QICC=6935.178) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 0.092 1.097 0.114 10.514 0.94 

Age -0.233 0.792 0.699 0.897 <0.01 

Anxiety score 0.073 1.076 1.038 1.116 <0.01 

Depression score 0.048 1.049 1.016 1.083 <0.01 

BMI  abnormal  -0.366 0.694 0.466 1.033 0.07 

BMI  normal 0a 1       

Vision abnormal 0.303 1.354 0.978 1.874 0.068 

Vision normal 0a 1       

PSQI score 0.041 1.042 1.007 1.078 0.02 

WIFI yes 0.764 2.147 1.749 2.636 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.314 3.722 2.491 5.561 <0.01 

Hand-free  sometime 0.886 2.427 1.548 3.803 <0.01 

Hand-free  usually 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of 

TTH type )= 

0.092-0.233 (Age)+0.073 (Anxiety score)+0.048 (Depression 

score)-0.366 (BMI )+0.303 (Vision)+0.041 (PSQI 

score)+0.764 (WIFI)+1.314(No Hand-free use)+0.886 

(Sometime Hand-free)  
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Table 8A Odds ratio (OR) of undetermined headache and their 95% confidence 

intervals for each factor adjusted for all other factors using GEE (AR1, 

QIC=3326.067, QICC=3312.361)  

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 2.599 13.448 0.787 229.686 0.07 

Age -0.397 0.672 0.572 0.790 <0.01 

Anxiety score 0.112 1.119 1.069 1.171 <0.01 

WIFI yes 0.828 2.289 1.678 3.122 <0.01 

WIFI  no 0a 1       

Hand-free  no 0.594 1.810 1.073 3.056 0.03 

Hand-free  sometime 0.122 1.130 0.579 2.205 0.72 

Hand-free  usually 0a 1       

SOP (x10-5mW)      

≤1.79 0.270 1.310 0.910 1.885 0.15 

1.8-1.99 0.834 2.302 1.237 4.285 0.01 

≥2.0 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

  

Logit (probability of undetermined 

headache)  = 

2.599-0.397 (Age)+0.112 (Anxiety score)+0.828 

(WIFI)+0.594 (No hand- free use)+0.122 

(Sometime hand-free)+0.270 (SOP ≤1.79x10-5mW) 

+0.834 (SOP 1.8-1.99x10-5mW)   
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Table 9A Odds ratio (OR) of migraine headache and their 95% confidence intervals 

for each factor adjusted for all other factors using GEE (Independent, 

QIC=1314.86, QICC=1309.60) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 3.666 39.109 0.470 3251.316 0.10 

Age -0.581 0.559 0.432 0.723 <0.01 

Anxiety score 0.117 1.124 1.061 1.192 <0.01 

WIFI yes 0.721 2.056 1.204 3.509 0.01 

WIFI  no 0a 1       

Hand-free  no 1.376 3.961 1.219 12.871 0.02 

Hand-free  sometime 1.012 2.750 0.718 10.531 0.14 

Hand-free  usually 0a 1       

SOP (x10-5mW)      

≤1.79 0.705 2.023 1.174 3.488 0.01 

1.8-1.99 1.179 3.252 1.648 6.419 <0.01 

≥2.0 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability l of migraine 

headache)  = 

3.666-0.581 (Age)+0.117 (Anxiety score)+0.721 

(WIFI)+1.376 (No hand-free use)+1.012 

(Sometime hand-free)+0.705 (SOP ≤1.79x10-5mW) 

+1.179 (SOP 1.8-1.99x10-5mW) 
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Table 10A  Odds ratio (OR) of migraine headache and their 95% confidence intervals 

for each factor and lag adjusted for all other factors using GEE (AR1, 

QIC=1346.608, QICC=1341.171) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

Sig. Lower Upper 

(Intercept) 4.276 71.935 0.597 8665.524 0.08 

Age -0.582 0.559 0.426 0.732 <0.01 

Anxiety score 0.108 1.114 1.046 1.186 <0.01 

WIFI yes 0.758 2.134 1.279 3.562 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.069 2.912 1.040 8.154 0.04 

Hand-free  sometime 0.662 1.938 0.558 6.738 0.29 

Hand-free  usually 0a 1       

SOP Lag_6 (mW) -87.397 1.106E-38 4.548E-69 2.690E-08 0.01 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of migraine 

headache) = 

4.276-0.582 (Age)+0.108 (Anxiety score)+0.758 

(WIFI)+1.069 (No Hand- free use)+0.662 (Sometime 

Hand-free)-87.397 (SOP  Lag_6)  
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Table 11A Odds ratio (OR) of nocturnal headache and their 95% confidence intervals 

for each factor and lag time dose adjusted for all other factors using GEE 

(AR1, QIC=3581.548, QICC=3566.899) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 3.760 42.967 0.057 32473.916 0.27 

Age -0.533 0.587 0.405 0.850 0.01 

PSQI score 0.108 1.114 0.993 1.249 0.07 

Device system: IOS -0.871 0.419 0.192 0.911 0.03 

Device system: Android 0a 1       

WIFI yes 0.805 2.237 1.158 4.322 0.02 

WIFI  no 0a 1       

SOP (x10-5mW) (daytime dose Lag2 12.00-18.00 p.m.)    

≤1.79 0.021 1.021 0.534 1.954 0.95 

1.8-1.99 1.612 5.014 3.357 7.489 <0.01 

≥2.0 0a 1       

(Scale) 1     

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP  

 

Logit (probability of nocturnal 

headache) = 

3.760-0.533 (Age)+0.108 (Anxiety score)-0.871 

(Device system)+0.805 (WIFI)+0.021 ( SOP 

(daytime dose) ≤1.79x10-5mW)+1.612 (SOP (daytime 

dose -lag2) 1.8-1.99x10-5mW)  
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Table 12A Odds ratio (OR) of nocturnal headache and their 95% confidence intervals 

for each factor and lag day dose adjusted for all other factors using GEE 

(Exchangeable, QIC=921.492, QICC=914.215) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 4.771 117.982 0.114 122198.230 0.18 

Age -0.558 0.572 0.382 0.857 0.01 

Device system: IOS -0.923 0.397 0.168 0.937 0.04 

Device system: Android 0a 1       

WIFI: yes 0.743 2.103 1.082 4.087 0.03 

WIFI : no 0a 1       

Lag_6 (mW) -89.769 1.032E-39 9.147E-74 1.165E-05 0.03 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, 

Brand device, and SOP 

 

Logit (probability of nocturnal 

headache) = 

4.771-0.558 (Age)-0.923 (Device system)+0.743 

(WIFI use)-89.769 (SOP Lag_6)  
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Table 13A Odds ratio (OR) of morning headache and their 95% confidence intervals 

for each factor adjusted for all other factors using GEE (AR1, 

QIC=3863.458, QICC=3847.869) 

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

  

Logit (probability of 

morning headache)= 

0.554-0.287 (Age)+0.090 (Anxiety score)+0.039 (PSQI 

score)+0.216 (Vision )+0.632 (WIFI use)+0.933 (No 

Hand-free use)+0.244 (Sometime Hand-free)+5.268 

(SOP (morning dose) mW)  

 

 

 

 

 

 

 

 

 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 0.554 1.740 0.114 26.662 0.69 

Age -0.287 0.750 0.645 0.873 <0.01 

Anxiety score 0.090 1.094 1.050 1.141 <0.01 

PSQI score 0.039 1.040 0.988 1.094 0.14 

Vision abnormal 0.216 1.241 0.847 1.817 0.27 

Vision normal 0a 1       

WIFI yes 0.632 1.881 1.409 2.510 <0.01 

WIFI  no 0a 1       

Hand-free  no 0.933 2.542 1.544 4.186 <0.01 

Hand-free  sometime 0.244 1.276 0.633 2.575 0.49 

Hand-free  usually 0a 1       

SOP dose 6.00-12.00 a.m.(mW) 5.268 194.114 1.223 30821.275 0.04 

(Scale) 1         
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Table 14A Odds ratio (OR) of morning headache and their 95% confidence intervals for 

each factor and lag adjusted for all other factors using GEE (Independent, 

QIC=3860.341, QICC=3846.285) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.209 0.811 0.046 14.381 0.89 

Age -0.288 0.750 0.642 0.875 <0.01 

Anxiety score 0.091 1.095 1.049 1.142 <0.01 

PSQI score 0.040 1.041 0.987 1.098 0.14 

WIFI yes 0.647 1.910 1.436 2.539 <0.01 

WIFI  no 0a 1       

Hand-free  no 0.963 2.620 1.590 4.316 <0.01 

Hand-free  sometime 0.274 1.316 0.656 2.641 0.44 

Hand-free  usually 0a 1       

SOP (x10-5mW) (nocturnal dose Lag_1 0.00-6.00 a.m.)   

≤1.79 0.675 1.965 0.935 4.128 0.07 

≥2.0 0.856 2.354 1.121 4.944 0.02 

1.8-1.99 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

  

Logit (probability of morning 

headache) = 

-0.209-0.288 (Age)+0.091 (Anxiety score)+0.040 

(PSQI score)+0.647 (WIFI use)+0.963 (No hand-

free use)+0.274 (Sometime hand-free)+0.675 (SOP 

(nocturnal dose) ≤1.79x10-5mW)+0.856 (SOP 

(nocturnal dose) ≥2.0x10-5mW) 
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Table 15A Odds ratio (OR) of daytime headache and their 95% confidence intervals for 

each factor adjusted for all other factors using GEE (AR1,  QIC=3581.548, 

QICC=3566.899) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 0.359 1.431 0.080 25.736 0.81 

Age -0.302 0.739 0.628 0.870 <0.01 

Anxiety score 0.080 1.084 1.035 1.135 <0.01 

PSQI score 0.088 1.092 1.039 1.148 <0.01 

BMI  abnormal  -0.427 0.653 0.421 1.012 0.06 

BMI  normal 0a 1       

WIFI yes 0.633 1.884 1.394 2.545 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.102 3.009 1.671 5.419 <0.01 

Hand-free  sometime 0.727 2.070 1.074 3.991 0.03 

Hand-free  usually 0a 1       

SOP (x10-5mW) (daytime dose 12.00-18.00 p.m.)   

≤1.79 0.421 1.523 1.100 2.110 0.01 

1.8-1.99 -0.182 0.834 0.158 4.389 0.83 

≥2.0 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of daytime  

headache) = 

0.359-0.302 (Age)+0.080 (Anxiety score)+0.088 

(PSQI score)-0.427 (BMI)+0.633 (WIFI use)+1.102 

(No Hand-free use)+0.727 (Sometime Hand-

free)+0.421 (SOP (daytime dose) ≤1.79x10-5mW) 

-0.182 (SOP (daytime dose) 1.8-1.99x10-5mW) 
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Table 16A Odds ratio (OR) of daytime headache and their 95% confidence intervals for 

each factor and lag adjusted for all other factors using GEE (AR1, 

QIC=3594.202, QICC=3581.771) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.052 0.949 0.051 17.661 0.97 

Age -0.275 0.759 0.643 0.897 <0.01 

Anxiety score 0.075 1.078 1.027 1.132 <0.01 

PSQI score 0.084 1.087 1.035 1.143 <0.01 

WIFI yes 0.656 1.927 1.416 2.623 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.099 3.000 1.674 5.376 <0.01 

Hand-free  sometime 0.701 2.015 1.051 3.863 0.04 

Hand-free  usually 0a 1       

SOP (x10-5mW) (morning dose Lag_1 6.00-12.00 a.m.)    

≤1.79 0.066 1.068 0.728 1.567 0.74 

1.8-1.99 0.584 1.792 1.029 3.123 0.04 

≥2.0 0a 1       

(Scale) 1         

Adjust by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, and 

SOP 

 

Logit (probability of daytime  

headache) = 

-0.052-0.275 (Age)+0.075 (Anxiety score)+0.084 

(PSQI score)+0.656 (WIFI use)+1.099 (No hand-free 

use)+0.701 (Sometime Hand-free)+0.066 (SOP Lag_1 

(morning dose) ≤1.79x10-5mW)+0.584 (SOP Lag_1 

(morning dose)1.8-1.99x10-5mW) 
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Table 17A Odds ratio (OR) of daytime headache and their 95% confidence intervals for 

each factor and lag adjusted for all other factors using GEE (Exchangeable, 

QIC=3603.135, QICC=3593.614) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.040 0.960 0.046 19.874 0.98 

Age -0.273 0.761 0.642 0.902 <0.01 

Anxiety score 0.095 1.100 1.046 1.156 <0.01 

PSQI score 0.069 1.071 1.019 1.127 0.01 

WIFI yes 0.591 1.806 1.343 2.428 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.101 3.007 1.684 5.370 <0.01 

Hand-free  sometime 0.758 2.134 1.118 4.073 0.02 

Hand-free  usually 0a 1       

SOP Lag_5 (mW) 2.299 9.960 1.281 77.432 0.03 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of daytime  

headache) = 

-0.040-0.273 (Age)+0.095 (Anxiety score)+0.069 

(PSQI score)+0.591 (WIFI use)+1.101 (No Hand-free 

use)+0.758 (Sometime Hand-free)+2.299 (SOP 

Lag_5mW)  
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Table 18A Odds ratio (OR) of evening headache and their 95% confidence intervals for 

each factor adjusted for all other factors using GEE (AR1,  QIC=3969.122, 

QICC=3950.869) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -2.728 0.065 0.005 0.828 0.04 

Age -0.154 0.857 0.744 0.988 0.03 

Anxiety score 0.060 1.062 0.995 1.133 0.07 

Depression score 0.063 1.065 1.003 1.131 0.039 

WIFI yes 0.963 2.620 1.927 3.561 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.106 3.023 1.666 5.485 <0.01 

Hand-free  sometime 0.714 2.041 1.049 3.973 0.04 

Hand-free  usually 0a 1       

SOP (x10-5mW) (evening dose 18.00-24.00 p.m.) 

≤1.79 0.953 2.595 1.356 4.965 <0.01 

≥2.0 0.950 2.585 1.375 4.860 <0.01 

1.8-1.99 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of evening  

headache) = 

-2.728-0.154 (Age )+0.060 (Anxiety score)+0.063 

(Depression score)+0.963 (WIFI use)+1.106 (No 

Hand-free use)+0.714 (Sometime Hand-free)+0.953 

(SOP ≤1.79x10-5mW)+0.950 (SOP ≥2.0x10-5mW) 
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Table 19A Odds ratio (OR) of evening headache and their 95% confidence intervals for 

each factor and lag adjusted for all other factors using GEE (AR1, 

QIC=3971.210, QICC=3953.953) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -2.431 0.088 0.007 1.167 0.07 

Age -0.160 0.852 0.739 0.983 0.03 

Anxiety score 0.060 1.061 0.995 1.132 0.07 

Depression score 0.062 1.064 1.002 1.130 0.04 

WIFI yes 0.965 2.624 1.929 3.569 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.107 3.026 1.666 5.498 <0.01 

Hand-free  sometime 0.715 2.044 1.049 3.981 0.04 

Hand-free  usually 0a 1       

SOP (x10-5mW) (daytime dose Lag_1 12.00-18.00 p.m.) 

≤1.79 0.797 2.218 1.037 4.745 0.04 

≥2.0 0.735 2.086 1.051 4.142 0.04 

1.8-1.99 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of evening  

headache) = 

-2.431-0.160 (Age)+0.060 (Anxiety score)+0.062 

(Depression score)+0.965 (WIFI use)+1.107 (No 

hand-free use)+0.715 (Sometime hand-free)+0.797 

(SOP (daytime dose ) ≤1.79x10-5mW)+0.735 (SOP 

(daytime dose) ≥2.0x10-5mW) 
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Table 20A Odds ratio (OR) of evening headache and their 95% confidence intervals for 

each factor and daily dose lag adjusted for all other factors using GEE 

(Exchangeable, QIC=3987.845, QICC=3976.577) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -1.498 0.224 0.015 3.442 0.28 

Age -0.172 0.842 0.721 0.984 0.03 

Depression score 0.104 1.110 1.066 1.156 <0.01 

WIFI yes 0.920 2.509 1.896 3.319 <0.01 

WIFI  no 0a 1       

Hand-free  no 1.187 3.278 1.752 6.132 <0.01 

Hand-free  sometime 0.849 2.336 1.199 4.550 0.01 

Hand-free  usually 0a 1       

Lag_4 1.510 4.527 1.058 19.375 0.04 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of evening  

headache) = 

-1.498-0.172 (Age)+0.104 (Depression score)+0.920 

(WIFI use)+1.187 (No Hand-free use)+0.849 

(Sometime hand-free)+1.510 (SOP  Lag_4mW)  
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Table 21B Odds ratio (OR) of difficult sleep and their 95% confidence intervals for 

each factor and daily dose adjusted for all other factors using GEE 

(Exchangeable, QIC=6436.365, QICC=6378.316) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -3.008 0.049 0.024 0.100 <0.01 

Anxiety score 0.049 1.051 0.998 1.105 0.06 

WIFI yes 0.129 1.137 0.924 1.400 0.23 

WIFI  no 0a 1       

Hand-free:  no 0.142 1.153 0.933 1.424 0.19 

Hand-free:  yes 0a 1       

SOP (x10-5mW) (Daily dose group) 

≤1.79 0.538 1.713 1.116 2.630 0.01 

≥2.0 0.383 1.466 0.758 2.836 0.26 

1.8-1.99 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad sleep hygiene, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of sleep 

difficulty) = 

-3.008+0.049 (Anxiety score)+0.129 (WIFI 

use)+0.142 (No Hand-free use)+0.538 (SOP 

≤1.79x10-5mW)+0.383 (SOP ≥2.0x10-5mW)   
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Table 22B Odds ratio (OR) of difficult sleep and their 95% confidence intervals for each 

factor and evening dose adjusted for all other factors using GEE (AR1, 

QIC=6404.388, QICC=6336.220) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -3.214 0.040 0.017 0.096 <0.01 

Anxiety score 0.039 1.040 0.972 1.113 0.26 

WIFI yes 0.190 1.209 0.995 1.468 0.06 

WIFI  no 0a 1       

Hand-free:  no 0.271 1.311 1.049 1.638 0.02 

Hand-free:  yes 0a 1       

SOP (x10-5mW) (18.00-24.00 p.m.) 

≤1.79 0.782 2.185 1.014 4.706 0.05 

≥2.0 0.413 1.511 0.647 3.530 0.34 

1.8-1.99 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, PSQI, Internet use, Hand free use, Brand device, 

and SOP 

 

Logit (probability of sleep 

difficulty) = 

-3.214+0.039 (Anxiety score)+0.190 (WIFI use)+0.271 

(No Hand-free use)+0.782 (SOP ≤1.79x10-5mW)+0.413 

(SOP ≥2.0x10-5mW)   
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Table 23B Odds ratio (OR) of difficult sleep and their 95% confidence intervals for each 

factor and nocturnal dose adjusted for all other factors using GEE (AR1, 

QIC=6439.583, QICC=6367.825) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -2.776 0.062 0.042 0.092 <0.01 

Anxiety score 0.040 1.040 0.973 1.113 0.25 

WIFI yes 0.191 1.211 0.999 1.467 0.05 

WIFI  no 0a 1       

Hand-free:  no 0.255 1.291 1.034 1.612 0.02 

Hand-free:  yes 0a 1       

SOP (x10-5mW) (00.00-6.00 a.m.)  

≤1.79 0.179 1.196 0.727 1.966 0.48 

1.8-1.99 0.643 1.903 1.195 3.029 0.01 

≥2.0 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of sleep 

difficulty) = 

-2.776+0.040 (Anxiety score)+0.191 (WIFI use)+0.255 

(No Hand-free use)+0.179 (SOP≤1.79x10-5mW)+0.643 

(SOP =1.8-1.99x10-5mW)   
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Table 24B Odds ratio (OR) of difficult sleep and their 95% confidence intervals for each 

factor and morning dose adjusted for all other factors using GEE (AR1, 

QIC=6431.641, QICC=6364.360) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -3.623 0.027 0.012 0.059 <0.01 

Anxiety score 0.038 1.039 0.972 1.111 0.26 

WIFI yes 0.193 1.213 1.002 1.469 0.05 

WIFI  no 0a 1       

Hand-free:  no 0.261 1.298 1.042 1.618 0.02 

Hand-free:  yes 0a 1       

SOP (x10-5mW) (6.00-12.00 a.m.)    

≥2.0 0.843 2.324 1.112 4.857 0.03 

≤1.79 1.228 3.413 1.503 7.753 <0.01 

1.8-1.99 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of sleep 

difficulty)= 

-3.623+0.038 (Anxiety score)+0.193 (WIFI use)+0.261 

(No hand-free use)+0.843 (SOP (morning dose) ≥2.0    

x10-5mW)+1.228  (SOP (morning dose) ≤1.79x10-5mW)   
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Table 25B Odds ratio (OR) of sleep loss and their 95% confidence intervals for each 

factor and daily dose adjusted for all other factors using GEE 

(Exchangeable, QIC=15141.009, QICC=15054.851) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.302 0.739 0.594 0.920 0.01 

Anxiety score 0.038 1.039 1.006 1.073 0.02 

Depression score 0.019 1.019 0.993 1.046 0.16 

Vision: abnormal 0.291 1.338 0.923 1.939 0.12 

Vision: normal 0a 1       

BMI: abnormal 0.407 1.502 0.903 2.499 0.12 

BMI: normal 0a 1       

Headache: yes 0.068 1.071 0.965 1.188 0.19 

Headache: no 0a 1       

SOP (x10-5mW) (Daily dose group)    

≥2.0 0.273 1.315 1.083 1.595 0.01 

1.8-1.99 -0.014 0.986 0.695 1.399 0.94 

≤1.79 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of sleep 

loss) = 

-0.302+0.038 (Anxiety score)+0.0019 (Depression 

score)+0.291 (Vision)+0.407 (BMI)+0.068 

(Headache)+0.273 (SOP≥2.0x10-5mW)-0.014 (SOP 1.8-

1.99x10-5mW)  
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Table 26B Odds ratio (OR) of sleep loss and their 95% confidence intervals for each 

factor and evening dose adjusted for all other factors using GEE 

(Independent, QIC=15102.325, QICC=14996.767) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.422 0.656 0.501 0.859 <0.01 

Anxiety score 0.080 1.083 1.033 1.135 <0.01 

Depression score 0.040 1.040 0.997 1.086 0.07 

Vision: abnormal 0.321 1.378 0.953 1.992 0.09 

Vision: normal 0a 1       

BMI: abnormal 0.430 1.537 0.985 2.398 0.06 

BMI: normal 0a 1       

Headache: yes 0.108 1.114 0.961 1.291 0.15 

Headache: no 0a 1       

SOP (x10-5mW) (18.00-24.00 p.m.))     

≥2.0 0.296 1.344 1.020 1.771 0.04 

1.8-1.99 -0.046 0.955 0.548 1.664 0.87 

≤1.79 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

sleep loss) = 

-0.422+0.088 (Anxiety score)+0.040 (Depression 

score)+0.321 (Vision)+0.430 (BMI)+0.108(Headache)+0.296 

(SOP (evening dose)≥2.0x10-5mW)-0.046 (SOP (evening 

dose)  1.8-1.99x10-5mW)  
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Table 27B Odds ratio (OR) of sleep loss and their 95% confidence intervals for each 

factor and nocturnal dose adjusted for all other factors using GEE 

(Independent, QIC=15081.511, QICC=14971.075) 

 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.420 0.657 0.520 0.830 <0.01 

Anxiety score 0.077 1.080 1.030 1.133 <0.01 

Depression score 0.040 1.040 0.995 1.089 0.09 

Vision: abnormal 0.295 1.344 0.929 1.943 0.12 

Vision: normal 0a 1       

BMI: abnormal 0.399 1.491 0.932 2.386 0.09 

BMI: normal 0a 1       

Headache: yes 0.106 1.112 0.961 1.285 0.15 

Headache: no 0a 1       

SOP (x10-5mW) (00.00-6.00 a.m.)     

≥2.0 0.344 1.411 1.093 1.823 0.01 

1.8-1.99 0.126 1.134 0.608 2.114 0.69 

≤1.79 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit(probability of sleep 

loss) = 

-0.422+0.077 (Anxiety score)+0.040 (Depression 

score)+0.295 (Vision)+0.399 (BMI)+0.106 (Headache)+0.344 

(SOP (nocturnal dose) ≥2.0x10-5mW)+0.126 (SOP (nocturnal 

dose) 1.8-1.99x10-5mW)  
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Table 28B Odds ratio (OR) of sleep loss and their 95% confidence intervals for each 

factor and morning dose adjusted for all other factors using GEE (AR1, 

QIC=15068.060, QICC=14971.740) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.544 0.580 0.389 0.865 0.01 

Anxiety score 0.065 1.067 1.025 1.111 <0.01 

Depression score 0.035 1.036 1.000 1.074 0.05 

Vision: abnormal 0.310 1.364 0.941 1.977 0.10 

Vision: normal 0a 1       

BMI: abnormal 0.394 1.482 0.933 2.355 0.09 

BMI: normal 0a 1       

Headache: yes 0.143 1.154 1.023 1.302 0.02 

Headache: no 0a 1       

SOP (x10-5mW) (6.00-12.00 a.m.)    

≥2.0 0.469 1.599 1.108 2.306 0.01 

≤1.79 0.061 1.063 0.680 1.660 0.79 

1.8-1.99 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

sleep loss )= 

-0.544+0.065 (Anxiety score)+0.035 (Depression 

score)+0.310 (Vision)+0.394 (BMI)+0.143(Headache)+0.469 

(SOP (morning dose) ≥2.0x10-5mW)+0.061 (SOP (morning 

dose) ≤1.79x10-5mW)  
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Table 29B Odds ratio (OR) of sleep loss and their 95% confidence intervals for each 

factor and daytime dose adjusted for all other factors using GEE (AR1, 

QIC=15094.968, QICC=15003.199) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -0.403 0.668 0.516 0.866 <0.01 

Anxiety score 0.062 1.064 1.024 1.107 <0.01 

Depression score 0.037 1.038 1.002 1.075 0.04 

Vision: abnormal 0.303 1.354 0.938 1.956 0.11 

Vision: normal 0a 1       

BMI: abnormal 0.408 1.504 0.957 2.364 0.08 

BMI: normal 0a 1       

Headache: yes 0.145 1.156 1.025 1.305 0.02 

Headache: no 0a 1       

SOP (x10-5mW) (12.00-18.00 p.m.)    

≥2.0 0.304 1.355 1.036 1.771 0.03 

1.8-1.99 0.097 1.101 0.782 1.551 0.58 

≤1.79 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of sleep 

loss)= 

-0.403+0.062 (Anxiety score)+0.037 (Depression 

score)+0.303 (Vision)+0.408 (BMI)+0.145 (Headache) 

+0.304 (SOP (daytime dose) ≥2.0x10-5mW) +0.097 (SOP 

(daytime dose) 1.8-1.99x10-5mW)  

 

 

 

 

 

 

 

 



 

227 

Table 30B Odds ratio (OR) of sleep loss and their 95% confidence intervals for each 

factor and lag daily dose adjusted for all other factors using GEE 

(Exchangeable, QIC=15260.212, QICC=15229.724) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 0.030 1.030 0.885 1.200 0.70 

Anxiety score 0.036 1.037 1.005 1.070 0.02 

Depression score 0.019 1.020 0.994 1.046 0.14 

Headache: yes 0.069 1.071 0.968 1.185 0.19 

Headache: no 0a 1       

Lag_4 (mW) -5.745 0.003 1.156E-05 0.885 0.05 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

sleep loss) = 

0.030+0.036 (Anxiety score)+0.019 (Depression score)+0.069 

(Headache)-5.745 (SOP Lag_4) 
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Table 31B Odds ratio (OR) of inefficiency sleep and their 95% confidence intervals for 

each factor and daily dose adjusted for all other factors using GEE 

(Exchangeable, QIC=6297.934, QICC=6275.833) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -3.601 0.027 0.016 0.045 <0.01 

Headache: yes 0.067 1.069 0.900 1.269 0.45 

Headache: no 0a 1       

Hand-free:  no -0.152 0.859 0.698 1.056 0.15 

Hand-free:  sometime -0.278 0.757 0.551 1.040 0.09 

Hand-free:  usually 0a 1       

SOP (x10-5mW) (Daily dose group)    

≤1.79 1.514 4.543 3.328 6.201 <0.01 

≥2.0 1.337 3.807 2.590 5.595 <0.01 

1.8-1.99 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

inefficiency sleep) = 

-3.601+0.067 (Headache)-0.152 (No Hand-free )-0.278 

(Sometime Hand-free )+1.514 (SOP ≤1.79x10-5mW) 

+1.337 (SOP ≥2.0x10-5mW) 
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Table 32B Odds ratio (OR) of sleep problem and their 95% confidence intervals for each 

factor and daily dose adjusted for all other factors using GEE (Exchangeable, 

QIC=13194.678, QICC=13085.015) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -1.295 0.274 0.199 0.377 <0.01 

Depression score 0.019 1.019 0.989 1.051 0.22 

BMI: abnormal 0.480 1.617 0.864 3.027 0.13 

BMI: normal 0a 1       

Headache: yes 0.126 1.134 1.004 1.281 0.04 

Headache: no 0a 1       

Bad hygiene sleep: yes  0.149 1.161 1.030 1.309 0.02 

Bad hygiene sleep: yes  0a 1       

Coffee drinking: >5 cup  1.072 2.923 1.307 6.536 0.01 

Coffee drinking: 1-5 cup  -0.027 0.973 0.825 1.148 0.75 

Coffee drinking: no  0a 1       

WIFI: yes  -0.083 0.920 0.768 1.101 0.36 

WIFI: no 0a 1       

Hand-free:  no -0.018 0.983 0.844 1.143 0.82 

Hand-free:  sometime 0.169 1.184 1.011 1.387 0.04 

Hand-free:  usually 0a 1       

SOP (x10-5mW) (Daily dose group)     

≥2.0 0.231 1.260 1.011 1.569 0.04 

1.8-1.99 -0.002 0.998 0.670 1.487 0.99 

≤1.79 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of frequent 

wake up during night)= 

 

-1.295+0.019 (Depression score)+0.480 (BMI)+0.149 

(Bad hygiene sleep)+0.126 (Headache)+1.072 (Coffee 

drinking >5 cup)-0.027 (Coffee drinking: 1-5 cup)-0.083  

(WIFI use)-0.018 (no Hand-free)+0.169 (sometime 

Hand-free )+0.231 (SOP≥2.0x10-5mW)-0.002 (SOP     

1.8-1.99x10-5mW) 
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Table 33B Odds ratio (OR) of sleep problem and their 95% confidence intervals for each 

factor and nocturnal dose adjusted for all other factors using GEE 

(Exchangeable, QIC=13188.560, QICC=13043.966) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -1.431 0.239 0.170 0.336 <0.01 

Depression score 0.020 1.020 0.989 1.052 0.21 

BMI: abnormal 0.582 1.790 0.929 3.448 0.08 

BMI: normal 0a 1       

Bad hygiene sleep: yes  0.151 1.163 1.033 1.310 0.01 

Bad hygiene sleep: yes  0a 1       

Headache: yes 0.125 1.133 1.003 1.281 0.05 

Headache: no 0a 1       

Coffee drinking: >5 cup  1.114 3.046 1.328 6.988 0.01 

Coffee drinking: 1-5 cup  -0.029 0.972 0.826 1.143 0.73 

Coffee drinking: no  0a 1       

WIFI: yes  -0.086 0.917 0.769 1.094 0.34 

WIFI: no 0a 1       

Hand-free:  no -0.017 0.983 0.845 1.143 0.82 

Hand-free:  sometime 0.167 1.182 1.009 1.384 0.04 

Hand-free:  usually 0a 1       

SOP (x10-5mW) (00.00-6.00 a.m.)     

≥2.0 0.472 1.603 1.219 2.108 <0.01 

1.8-1.99 -0.040 0.961 0.316 2.920 0.94 

≤1.79 0a 1  $     

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of sleep 

problem) = 

 

-1.431+0.020 (Depression score)+ 0.582 (BMI)+ 0.151 (Bad 

hygiene sleep)+0.125 (Headache)+ 1.114 (Coffee drinking>5 cup)-

0.029 (Coffee drinking: 1-5 cup)-0.086 (WIFI use)-0.017(No 

Hand-free)+0.167 (Sometime Hand-free )+ 0.472 (SOP (morning 

dose)≥2.0x10-5mW)-0.040 (SOP (morning dose 1.8-1.99x10-5mW) 

 

 



 

231 

Table 34B Odds ratio (OR) of sleep problem and their 95% confidence intervals for each 

factor and morning dose adjusted for all other factors using GEE 

(Exchangeable, QIC=13193.475, QICC=13082.964) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -1.599 0.202 0.126 0.325 <0.01 

Depression score 0.019 1.019 0.988 1.051 0.23 

BMI: abnormal 0.479 1.615 0.857 3.045 0.14 

BMI: normal 0a 1       

Bad hygiene sleep: yes  0.149 1.160 1.029 1.308 0.02 

Bad hygiene sleep: yes  0a 1       

Headache: yes 0.125 1.134 1.004 1.280 0.04 

Headache: no 0a 1       

Coffee drinking: >5 cup  1.065 2.901 1.297 6.489 0.01 

Coffee drinking: 1-5 cup  -0.026 0.974 0.825 1.149 0.76 

Coffee drinking: no  0a 1       

WIFI: yes  -0.082 0.921 0.770 1.102 0.37 

WIFI: no 0a 1       

Hand-free:  no -0.016 0.984 0.846 1.145 0.84 

Hand-free:  sometime 0.171 1.187 1.014 1.390 0.03 

Hand-free:  usually 0a 1       

SOP (x10-5mW) (6.00-12.00 a.m.)    

≥2.0 0.522 1.685 1.170 2.426 0.01 

≤1.79 0.420 1.522 0.977 2.370 0.06 

1.8-1.99 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

frequent wake up during 

night)= 

 

-1.599+0.019(Depression score)+0.479 (BMI)+0.149 (Bad 

hygiene sleep)+0.125 (Headache)+1.065 (Coffee drinking>5 cup)  

-0.026 (Coffee drinking: 1-5 cup)-0.082 (WIFI use)-0.016(No 

Hand-free)+0.171 (Sometime Hand-free )+0.522 (SOP (morning 

dose)≥2.0x10-5mW)+0.420 (SOP (morning dose)≤1.79x10-5mW) 
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Table 35B Odds ratio (OR) of morning sleepiness and their 95% confidence intervals for 

each factor and daily dose adjusted for all other factors using GEE 

(Exchangeable, QIC=12203.977, QICC=12125.189) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -1.481 0.227 0.164 0.315 <0.01 

Anxiety score 0.060 1.062 1.026 1.098 <0.01 

BMI: abnormal 0.333 1.395 0.837 2.325 0.20 

BMI: normal 0a 1       

SOP (x10-5mW) (daily dose group)    

≥2.0 0.232 1.261 0.959 1.659 0.09 

1.8-1.99 0.469 1.598 1.195 2.138 <0.01 

≤1.79 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of morning 

sleepiness) = 

-1.481+0.060 (Anxiety score)+0.333 (BMI)+0.232 

(SOP≥2.0x10-5mW)+0.469 (SOP 1.8-1.99x10-5mW) 
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Table 36B Odds ratio (OR) of morning sleepiness and their 95% confidence intervals for 

each factor and evening dose adjusted for all other factors using GEE 

(Exchangeable, QIC=12196.115, QICC=12117.695) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value. Lower Upper 

(Intercept) -1.404 0.246 0.185 0.327 <0.01 

Anxiety score 0.059 1.061 1.026 1.098 <0.01 

BMI: abnormal 0.328 1.388 0.848 2.272 0.19 

BMI: normal 0a 1       

SOP (x10-5mW) (18.00-24.00 p.m.)    

≥2.0 0.146 1.157 0.939 1.426 0.17 

1.8-1.99 0.575 1.778 1.213 2.606 <0.01 

≤1.79 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of morning 

sleepiness) = 

 

-1.404+0.059 (Anxiety score)+0.328 (BMI)+0.146 

(SOP (evening dose)≥2.0 x 10-5mW)+0.0575 (SOP 

(evening dose) 1.8-1.99x10-5mW) 
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Table 37B Odds ratio (OR) of morning sleepiness and their 95% confidence intervals for 

each factor and nocturnal dose adjusted for all other factors using GEE 

(Independent, QIC=12201.236, QICC=12067.701) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -1.510 0.221 0.155 0.315 <0.01 

Anxiety score 0.093 1.097 1.034 1.164 <0.01 

BMI: abnormal 0.310 1.363 0.794 2.341 0.26 

BMI: normal 0a 1       

SOP (x10-5mW) (00.00-6.00 p.m.)    

≥2.0 0.186 1.204 0.805 1.802 0.37 

1.8-1.99 0.809 2.245 1.090 4.624 0.03 

≤1.79 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of morning 

sleepiness) = 

 

-1.510+0.093 (Anxiety score)+0.310 (BMI)+0.186 

(SOP (nocturnal dose) ≥2.0 x 10-5mW)+0.809 (SOP 

(nocturnal dose) 1.8-1.99x10-5mW) 
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Table 38B Odds ratio (OR) of poor sleep and their 95% confidence intervals for each 

factor and daily dose adjusted for all other factors using GEE (Exchangeable, 

QIC=13610.259, QICC=13535.367) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 0.929 2.532 0.244 26.315 0.44 

Age  -0.126 0.882 0.769 1.010 0.07 

Anxiety score 0.056 1.057 1.025 1.090 <0.01 

Depression score 0.011 1.011 0.986 1.037 0.38 

BMI: abnormal 0.749 2.115 1.384 3.231 <0.01 

BMI: normal 0a 1       

Headache: yes 0.118 1.125 0.988 1.282 0.08 

Headache: no 0a 1       

Coffee drinking: >5 cup  0.640 1.897 0.563 6.393 0.30 

Coffee drinking: 1-5 cup  0.126 1.134 0.973 1.322 0.11 

Coffee drinking: no  0a 1       

SOP (x10-5mW) (daily dose group) 

≥2.0 0.264 1.302 1.034 1.639 0.03 

1.8-1.99 0.314 1.368 0.908 2.062 0.13 

≤1.79 0a 1       

(Scale)  1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

poor sleep) = 

 

0.929-0.126 (Anxiety score) +0.056 (Anxiety score)+0.011 

(Depression score)+0.749 (BMI)+0.118 (Headache)+0.640 

(Coffee drinking>5 cup)+0.126 (Coffee drinking 1-5cup)+0.264 

(SOP≥2.0x10-5mW)+0.314 (SOP  1.8-1.99x10-5mW) 
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Table 40B Odds ratio (OR) of poor sleep and their 95% confidence intervals for each 

factor and nocturnal dose adjusted for all other factors using GEE (AR1, 

QIC=13575.230, QICC=13482.849) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 1.258 3.518 0.331 37.391 0.29 

Age  -0.142 0.868 0.756 0.996 0.04 

Anxiety score 0.053 1.055 1.020 1.091 <0.01 

Depression score 0.047 1.048 1.009 1.088 0.02 

BMI: abnormal 0.726 2.067 1.332 3.208 <0.01 

BMI: normal 0a 1       

Headache: yes 0.194 1.214 1.062 1.388 0.01 

Headache: no 0a 1       

Coffee drinking: >5 cup  0.803 2.233 0.642 7.770 0.21 

Coffee drinking: 1-5 cup  0.141 1.152 0.964 1.377 0.12 

Coffee drinking: no  0a 1       

SOP (x10-5mW) (nocturnal dose)    

≥2.0 0.129 1.137 0.871 1.485 0.35 

1.8-1.99 0.507 1.660 1.146 2.404 0.01 

≤1.79 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

poor sleep) = 

 

1.258-0.142(Age)+0.053 (Anxiety score)+0.047 (Depression 

score)+0.726 (BMI)+0.194 (Headache)+0.803 (Coffee 

drinking>5 cup)+0.141 (Coffee drinking 1-5cup)+0.129 (SOP 

(nocturnal dose)≥2.0x10-5mW)+0.314 (SOP(nocturnal dose) 

1.8-1.99x10-5mW) 
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Table 41B Odds ratio (OR) of poor sleep and their 95% confidence intervals for each 

factor and morning dose adjusted for all other factors using GEE 

(Exchangeable, QIC=13638.242, QICC=13544.390) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 0.669 1.952 0.163 23.368 0.59 

Age  -0.116 0.890 0.772 1.027 0.11 

Anxiety score 0.055 1.057 1.025 1.090 <0.01 

Depression score 0.011 1.011 0.986 1.037 0.38 

BMI: abnormal 0.761 2.141 1.378 3.328 <0.01 

BMI: normal 0a 1       

Headache: yes 0.116 1.123 0.986 1.280 0.08 

Headache: no 0a 1       

Coffee drinking: >5 cup  0.646 1.909 0.573 6.358 0.29 

Coffee drinking: 1-5 cup  0.127 1.136 0.974 1.324 0.10 

Coffee drinking: no  0a 1       

SOP (x10-5mW) (morning dose)    

≥2.0 0.395 1.484 1.046 2.106 0.03 

1.8-1.99 0.293 1.341 0.726 2.477 0.35 

≤1.79 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

poor sleep) = 

 

0.669-0.116 (Age)+0.055 (Anxiety score) +0.011 (Depression 

score)+0.761 (BMI)+0.116 (Headache)+0.646 (Coffee 

drinking>5 cup)+0.127 (Coffee drinking 1-5cup)+0.395 (SOP 

(morning dose)≥2.0x10-5mW)+0.314 (SOP (morning dose) 1.8-

1.99x10-5mW) 
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Table 42B Odds ratio (OR) of poor sleep and their 95% confidence intervals for each 

factor and daytime dose adjusted for all other factors using GEE 

(Exchangeable, QIC=13615.496, QICC=13537.590) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 1.011 2.748 0.263 28.737 0.40 

Age  -0.122 0.885 0.772 1.015 0.08 

Anxiety score 0.056 1.057 1.026 1.090 <0.01 

Depression score 0.011 1.011 0.986 1.037 0.39 

BMI: abnormal 0.751 2.120 1.368 3.283 <0.01 

BMI: normal 0a 1       

Headache: yes 0.118 1.125 0.987 1.283 0.08 

Headache: no 0a 1       

Coffee drinking: >5 cup  0.635 1.886 0.556 6.400 0.31 

Coffee drinking: 1-5 cup  0.128 1.137 0.974 1.326 0.10 

Coffee drinking: no  0a 1       

SOP (x10-5mW) (daytime dose)    

≥200 0.086 1.090 0.862 1.377 0.47 

180-199 0.391 1.479 1.009 2.167 0.05 

≤179 0a 1       

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of poor 

sleep) = 

 

0.669-0.116 (Age)+0.055 (Anxiety score)+0.011 (Depression 

score)+0.761 (BMI)+0.116 (Headache)+0.646 (Coffee drinking>5 

cup)+0.127 (Coffee drinking 1-5cup)+0.395 (SOP (daytime 

dose)≥2.0x10-5mW)+0.314 (SOP (daytime dose)1.8-1.99x10-5mW) 
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Table 43B Odds ratio (OR) of poor sleep and their 95% confidence intervals for each 

factor and lag daily dose adjusted for all other factors using GEE 

(Exchangeable, QIC=13683.315, QICC=13614.371) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) 1.116 3.054 .291 32.028 0.35 

Age  -.120 .887 .774 1.017 0.09 

Anxiety score .058 1.059 1.028 1.092 <0.01 

Depression score .011 1.011 .986 1.037 0.39 

BMI: abnormal .730 2.076 1.337 3.221 <0.01 

BMI: normal 0a 1       

Headache: yes .120 1.127 .990 1.284 0.07 

Headache: no 0a 1       

Lag_5 (mW) -7.009 .001 9.935E-07 .822 0.04 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability of 

poor sleep)= 

 

1.116-0.120 (Age)+0.058 (Anxiety score)+0.011 (Depression 

score)+0 .730 (BMI)+0.120 (Headache)-7.009 (Lag_5 SOP) 
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Table 44B Odds ratio (OR) of doze and their 95% confidence intervals for each factor 

adjusted for all other factors using GEE (AR1,  QIC=12062.209, 

QICC=11910.695) 

Parameter B Exp.(B) 

95% Wald Confidence 

Interval for Exp.(B)   

p-value Lower Upper 

(Intercept) -1.607 0.201 0.096 0.417 <0.01 

Gender=1.00] -0.680 0.507 0.247 1.040 0.06 

Gender=2.00] 0a 1       

Anxiety score 0.014 1.014 0.959 1.072 0.63 

Depression score 0.023 1.023 0.976 1.073 0.34 

BMI: abnormal 0.249 1.283 0.664 2.477 0.46 

BMI: normal 0a 1       

Headache: yes 0.086 1.090 0.938 1.266 0.26 

Headache: no 0a 1       

Hand-free:  no -0.032 0.969 0.801 1.172 0.75 

Hand-free:  sometime -0.212 0.809 0.637 1.027 0.08 

Hand-free:  usually 0a 1       

PSQI score 0.798 2.222 2.076 2.378 <0.01 

(Scale) 1         

Adjusted by Age, BMI, Vision, Anxiety, Depression, Bad hygiene sleep, Coffee drink, Headache, 

Internet use, Hand free use, Brand device, SOP 

 

Logit (probability 

of doze) = 

 

-1.607-0.680 (Gender)+0.014 Anxiety score) +0.023 (Depression 

score) +0.249 (BMI)+0.086 (Headache)-0.0327 (No hand-free)           

-0.212  (Sometime hand-free)+0.798 (PSQI score) 
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APPENDIX B 

Questionnaire 1 

ชุดท่ี 1 

หเลขทีแ่บสอบถาม ☐ / ☐☐ / ☐☐ 
ช้ัน / ห้อง/ เลขที ่

แบบสอบถามระยะที ่1.1  
กรุณาอ่านค าถามและรายละเอยีดของแต่ละข้อให้เข้าใจและเลอืกตอบในข้อทีต่รงกบัท่านมากทีสุ่ดโดยท าเคร่ืองหมาย
รือ หน้าข้อทีท่่านเลอืก 
ส่วนที ่1  ข้อมูลพืน้ฐาน 

 วนั/เดือน/ปีเกิด ….../......./….. 
 บา้นเลขท่ี………………………………………………………………………………….. 
 เบอร์โทรศพัทท่ี์ติดต่อได…้……………………………………………………………….. 

 เพศ 1.  ☐ชาย 2. ☐หญิง 
 น ้าหนกั...................................กก. ส่วนสูง..................เซนติเมตร 

1. ปัจจุบนัท่านเรียนอยูช่ั้น 

1. ☐มธัยมศึกษาปีท่ี 4 2.☐มธัยมศึกษาปีท่ี 5 3.☐มธัยมศึกษาปีท่ี 6 
2. ปัจจุบนัท่านรับจา้งท างานนอกเวลาเรียนหรือไม่ 

1. ☐ไม่ใช่ 2.☐ใช่  เลิกงานก่อน 20 .00 น  3. ☐ใช่เลิกงานหลงั 20 .00 น. 
3. ท่านมีโรคท่ีไดรั้บการวนิิจฉยัโดยแพทยแ์ละปัจจุบนัท าการรักษาอยู ่ ตอบได้มากกว่า 1 ข้อ 

1. ☐ ไม่มีโรคประจ าตวั 2.☐ โรคหวัใจ  3.☐ โรคความดนัโลหิตสูง 

4. ☐ โรคลมชกั 5. ☐ โรคหอบหืด 6.☐ ไซนสัอกัเสบ 

7.  ☐ ปัญหานอนไม่หลบั 8. ☐ เสน้เลือดสมองอดุตนั 9.☐ เลือดออกในสมอง 

10.☐  เยือ่หุม้สมองอกัเสบ 11.☐ไตวายตอ้งลา้งไต 12☐ ไทรอยดฮ์อร์โมนต ่า 

13.☐  ติดเช้ือช่องหู 14.☐ผื่นคนั  15.☐ โรคภูมิแพ ้ 

16.☐  ฟันผปุวดฟัน 17.☐ กรามหลุดขากรรไกรคา้ง 18.☐ มีอาการไอนานติดต่อ 3 
อาทิตย ์

19.☐  ปวดบริเวณใบหนา้ 20.☐  ตอ้หิน 21.☐ ตาอกัเสบ 
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22.☐  โรคสมาธิสั้น 23.☐ โรคย  ้าคิดย  ้าท า 24.☐ ปวดตามขอ้ และตาม
ร่างกาย 

25.☐ มีอาการเหล่าน้ี เดินเซ มือสัน่ เห็นภาพซอ้น ชกัเฉพาะท่ี อยา่งใดอยา่งหน่ึงหรือมีอาการร่วมกนั 

26.☐ กลุ่มอาการทูเร็ตตห์รือ ต๊ิก เช่น มีตาขยบิ หนา้ขมุบขมิบ ส่งเสียงแปลกๆ ท่ีควบคุมไม่ได ้

27.☐ ท่านเคยไดรั้บหรือพบเหตุการณ์ ท่ีเจบ็ปวดดา้นจิตใจ เช่น การถูกกระท ารุนแรง กระท าทารุณ 
 ข่มขืน ถูกทอดท้ิง พบเห็นความรุนแรงในครอบครัว ถูกรังแก และไม่สามารถลืมได ้

28.☐ ท่านรู้สึกกลวัเร่ืองบางเร่ืองเฉพาะ เช่น กลวัหอ้งแคบ  
4. ปัจจุบนัท่านมียาท่ีใชป้ระจ า ไดแ้ก่  

1.☐   ไม่มี         2. ☐มี ระบุ............................. 
4.2. ยาแกป้วด       

1.☐  Triptan    2. ☐  Paracetamol   3. ☐   Tylenol    4.☐   Ergotamine 

5. ☐   มอร์ฟีน   6.☐อ่ืนๆ ระบุ.........................................................................  
4.3. ยานอนหลบั   

1.☐Ativan    2.☐Dormicum     3. ☐xanax  4.☐อ่ืนๆระบุ .................... 
 

4.4. ยาแกแ้พ ้ลดน ้ ามูก  

1. ☐CPM      2.☐Atarax   3.☐zyrtec     4. ☐Actifed     

5. ☐ อ่ืนๆ ระบุ..................................... 
 

 4.5. ยาท่ีท่านใชป้ระจ า ใชบ่้อยเท่าไร   

1. ☐นอ้ยกวา่ 10 คร้ัง /เดือน   2. ☐มากกวา่  10 คร้ัง/เดือน   
 

5. ท่านมีปัญหาสุขภาพเหล่าน้ี ตอบไดม้ากกวา่ 1 ขอ้    

1.☐ไม่มี 

2. มีปัญหาการมองเห็น  2.1.☐สายตาสั้น  2.2.☐สายตายาว  2.3.☐สายตาเอียง       2.4. ☐ ตาเข  

3. ปัญหาสายตาท่ีเป็น   3.1.☐แกไ้ขแลว้    3.2.☐ยงัไม่ไดแ้กไ้ข 

4. ☐ เคยไดรั้บอุบติัเหตุ/บาดเจ็บ/ผา่ตดัทางศีรษะ 

5. ☐ เคยไดรั้บอุบติัเหตุ/บาดเจ็บ/ ผา่ตดับริเวณคอ 

6.☐อ่ืนๆ ระบุ …………………................................................... 
6. ท่านมีพฤติกรรมดงัต่อไปน้ีหรือไม่ ตอบทุกขอ้ 

พฤติกรรม ไม่ใช่ ใช่ นานคร้ัง/ไม่ทุกวนั ใช่ ทุกวนั 

1. ท่านสูบบุหร่ี    
2. ท่านด่ืมสุรา    
3. ท่านด่ืมกาแฟ    
4.ท่านด่ืมชา/ชาขวด/ชานม    
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ส่วนที ่2 ข้อมูลเกีย่วกบัอาการปวดศีรษะ 
7. ในชีวติท่ีผา่นมาท่านเคยมีอาการปวดศีรษะหรือไม่ 

1. ☐ไม่ใช่ 2. ☐ใช่ 
กรณีท่ีท่านตอบข้อ 1.ไม่ใช่ ให้ข้ามไปตอบส่วนท่ี  3 และ 4 

8. ท่านมีอาการปวดศีรษะตั้งแต่อาย.ุ..........ปี.หรือตั้งแต่ตอนเรียนอยูช่ั้น....................... 
9. ในระยะเวลา 1 ปีท่ีผา่นมาท่านมีอาการปวดศีรษะประมาณ................คร้ัง 
10. ในระยะเวลา 1 เดือนท่ีผา่นมา ท่านมีอาการปวดศีรษะประมาณ................คร้ัง 
11. ท่านมีอาการปวดศีรษะบ่อยเท่าไร (จ านวนวนัต่อเดือน) 

1.☐1-5 วนั  2.☐5-10 วนั 3.☐10 – 15 วนั 4.☐ มากกวา่ 15 วนั 

5.☐ ปีละ 10 คร้ัง  6.☐ นอ้ยกวา่ปีละ 10 คร้ัง 
12. อาการปวดศีรษะแต่ละคร้ังนานเท่าใด  

1.☐ระยะสั้นๆ เป็นวนิาที  2.☐15 นาที – 4 ชัว่โมง 

3.☐ มากกวา่ 4 – 72 ชัว่โมง  4.☐ มากกวา่ 72 ชัว่โมง (3 วนั) 

5.☐ อ่ืนๆ ระบุ นาน .....................นาที.....................ชัว่โมง....................วนั 
13. อาการปวดศีรษะท าใหท่้านรู้สึกอยา่งไร 

1.☐ไม่รู้สึกแย ่ 2.☐รู้สึกแยบ่า้ง 3.☐ รู้สึกแย ่ 4.☐รู้สึกแยม่าก 
14. จงใหค้ะแนนระดบัความรุนแรงของอาการปวดศีรษะท่ีมกัเกิดข้ึนกบัท่าน  

 (วงกลมท่ีตวัเลขตามระดบัความปวดของท่าน 0 = ไม่ปวด  10 = ปวดมากท่ีสุด) 
          

 0 1 2 3 4 5 6 7 8 9   10 
15. ลกัษณะอาการปวดศีรษะเป็นอยา่งไร 

1.☐ปวดตุบ้ ๆ เป็นจงัหวะ 2.☐ปวดจ๊ีดๆเหมือนเขม็แทง 

3.☐ปวดต้ือๆ หนกัๆ เหมือนของทบัหรือกด 4.☐ปวดตึงๆ แน่นๆ เหมือนถูกบีบ รัดรอบหวั 

5.☐ปวดทนัทีทนัใดเหมือนถูกคอ้นทุบหวั 6. ☐ปวดแสบๆ ร้อนๆ 

7.☐ปวดลกัษณะอ่ืน ระบุ......................................................................................................... 
16. อาการปวดศีรษะท่ีเกิดข้ึนมกัเกิดข้ึนขา้งใด 

1.☐ขา้งซา้ยขา้งเดียว  2.☐ขา้งขวา ขา้งเดียว 

3.☐ปวดพร้อมกนั 2 ขา้ง  4.☐ ปวดสลบัขา้งกนั ซา้ยหรือ ขวา 

5.☐ปวดตรงกลาง 6. ☐ปวดยา้ยต าแหน่งไปทัว่ๆ 

5.ท่านด่ืมเคร่ืองด่ืมชูก าลงั    
6.ท่านอดอาหารรับประทานไม่ครบ 3 ม้ือ  ...............คร้ัง/เดือน  
7.ท่านรับประทานอาหารไม่ตรงเวลา   ...............คร้ัง/เดือน  
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17. ท่านมีอาการปวดศีรษะมากข้ึนเม่ือออกก าลงั เดินข้ึนบนัได หรือท ากิจกรรม 

1.☐ใช่  2.☐ไม่ใช่ 
  

18. ท่านมกัมีอาการเหล่าน้ีก่อนเกิดอาการปวดศีรษะ (เกิดก่อนประมาณ 5 -  60 นาที) ตอบได้มากกว่า 1 ข้อ 

1. ☐ไม่มีอาการ  2. ☐ ตาพร่า  3.☐มองเห็นแสงหรือเห็นภาพผดิปกติ 

4. ☐เวยีนศีรษะ 5. ☐พดูล าบาก 6.☐อ่อนแรงแขนหรือขา ขา้งดา้งหน่ึง 

7. ☐หูแวว่ 8. ☐เดินเซ 9. ☐ความรู้สึกผิดปกติ เช่น อาการชา/รู้สึกซ่า 

10.☐เห็นภาพซอ้น 11.☐อ่ืนๆ ระบุ............................................................. 
19. ท่านมีอาการเหล่าน้ีร่วมดว้ยขณะปวดศีรษะหรือไม่ ตอบได้มากกว่า 1 ข้อ 

1. ☐ไม่มีอาการ  2. ☐ คล่ืนไส ้ 3. ☐อาเจียน  4. ☐ กลวัแสง 5. ☐กลวัเสียง 

6. ☐ คดัจมูก 7. ☐น ้ามูกไหล 8. ☐เหง่ือออก 9. ☐ตาบวม 10. ☐ตาแดง 

11. ☐หนงัตาตก 12. ☐น ้าตาไหล 13. ☐หูอ้ือ   

20. ท่านมกัมีอาการปวดศีรษะบริเวณใด  

21. ท่านมกัมีอาการปวดศีรษะเวลาใด 

 1.☐ ต่ืนนอนตอนเชา้ 2.☐ สายๆ  3.☐ บ่ายๆ  4.☐ เยน็หลงัเลิกเรียน 

5.☐ ระหวา่งวนัทั้งวนั 6.☐ ขณะหลบั  7.☐ ไม่เป็นเวลา 
22. รูปแบบอาการปวดศีรษะของท่านเป็นอยา่งไร 

1.☐ อาการปวดจะมากข้ึนเร่ือยๆ 2.☐ อาการปวดจะเป็นมากข้ึนและลดลงสลบักนั 

3.☐ อาการปวดจะปวดต่อเน่ืองเท่าเดิมไม่หาย 

4.☐ อาการปวดจะเป็นมากข้ึนและลดลงสลบักนัหลงัจากนั้นจะปวดต่อเน่ืองเท่าเดิมไม่หาย 

5.☐ อาการปวดระยะสั้นๆ และมีอาการเป็นระยะๆ 
23. ท่านคิดวา่ส่ิงท่ีกระตุน้ใหท่้านมีอาการปวดศีรษะ ไดแ้ก่   (ตอบไดม้ากกวา่ 1 ขอ้)  

1.☐ไม่มี  2.☐ ความเครียด ความวติกกงัวล  3.☐ ใชส้ายตามาก เช่น 
ท างานคอมพิวเตอร์  

4.☐ แสงจา้ 5.☐เสียงดงั 6. ☐กล่ินฉุน 7. ☐การออกก าลงั 

8.☐อากาศร้อน 9.☐ อากาศเยน็ 10.☐การใชโ้ทรศพัท ์มือถือ 11.☐การไอ จาม เบ่ง 

12.☐นอนนอ้ย 13.☐ นอนมาก 14.☐ นอนไม่หลบั 15.☐เค้ียวอาหาร 

16.☐แปรงฟัน 17.☐ความหิว 18.☐ ทานอาหารไม่ตรงเวลา 19.☐อดอาหาร 

20.☐กาแฟ 21.☐ชานม/ชาขวด 22.☐ เคร่ืองด่ืมแอลกอฮอล ์ 23.☐ของหมกัดอง 

1. ☐ทา้ยทอย 2. ☐ขมบั  3. ☐กลางศีรษะ 4. ☐หนา้ผาก 

5. ☐เบา้ตา 6. ☐ใบหนา้ 7. ☐จมูก/โพรงจมูก 8. ☐ใบหู/รูหู 

9.☐ช่องปาก/ฟัน/เหงือก 10. ☐ล าคอ 11. ☐ ตน้คอดา้นหลงั 12. ☐ไหล่/บ่า 



 

245 

24.☐สูบบุหร่ี/ไดก้ล่ินบุหร่ี 25.☐ช่วงมีประจ าเดือน 26.☐เป็นหวดั 

27.☐ปวดกลา้มเน้ือตามร่างกาย 28.☐ด าน ้ าลึก 29.☐มีเพศสมัพนัธ ์

30.☐ข้ึนท่ีสูงอยา่งรวดเร็ว เช่น เคร่ืองบิน ข้ึนดอยโดยรถยนต ์ 31.☐ใชส้ารเสพติด 

31.☐ทอ้งผกู (อยากถ่ายแต่ถ่ายไม่ออก ถ่ายไม่สุด อุจาระแขง็แหง้ตอ้งออกแรงเบ่งมาก) 

32.☐อาหารไดแ้ก่.......................... 33.☐ผลไม ้ไดแ้ก่.............................................. 
24. ท่านมกัจะมีวธีิการ ท าใหอ้าการปวดศีรษะทุเลาลง อยา่งไร 

1.☐ไม่มี 2.☐ พกัผอ่น นอนหลบั 3.☐ยาแกป้วด ระบุ..................... 

4.☐ การนวด 5.☐อ่ืนๆ ระบุ 
 
ส่วนที ่3  ข้อมูลการนอนหลบั 
25. ในระยะ  4 สปัดาห์ท่ีผา่นมาท่านรู้สึกเก่ียวกบัการนอนของท่านอยา่งไร (ตอบทุกข้อ) 

โปรดตอบค าถามทุกขอ้ หากท่านไม่แน่ใจใหเ้ลือกค าตอบท่ีใกลเ้คียงท่ีสุด 
1. ท่านเขา้นอนเวลา....................น. 
2. ท่านสามารถนอนหลบัหลงัจากเขา้นอนนาน.................................นาที 
3. ท่านมกัจะต่ืนตอนเชา้เวลา .น.....................................  
4. ท่านมีระยะเวลาการนอนจริงในตอนกลางคืน จ านวน ชัว่โมง............. (จ านวนเวลานอนหลบัท่ีหกัเวลาต่ืน

ตอนกลางคืนทุกคร้ัง) 
ในระยะเวลา4 สัปดาห์ที่ผ่านมา ไม่เลย < 1 

คร้ัง/สัปดาห์ 
1-2  

คร้ัง/สัปดาห์ 
> 3 

คร้ัง/สัปดาห์ 

1. ท่านมกัจะมีปัญหาการนอนหลบัท่ีเกิดจาก
เหตุการณ์ดงัน้ี บ่อยเท่าใด 
1.1 นอนไม่หลบัเม่ือเขา้นอนนานกวา่ 30 นาที 

    

1.2 ต่ืนข้ึนกลางดึกหรือต่ืนเชา้เกินไป     
1.3 ตอ้งลุกเขา้หอ้งน ้ า     
1.4 หายใจไม่สะดวก     
1.5 ไอหรือกรนเสียงดงั     
1.6 รู้สึกหนาว     
1.7 รู้สึกร้อน     
1.8 ฝันร้าย     
1.9 ปวด     
1.10 อ่ืนๆระบุ..........................................     

2. ท่านใชย้าท่ีช่วยใหน้อนหลบับ่อยเท่าใด     
3. ท่านมีปัญหาจากอาการง่วงนอนขณะท ากิจวตัร

ประจ าวนั เช่น ทานอาหาร การร่วมกิจกรรม 
บ่อยเท่าใด 
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ในระยะเวลา4 สัปดาห์ที่ผ่านมา ไม่เลย < 1 
คร้ัง/สัปดาห์ 

1-2  
คร้ัง/สัปดาห์ 

> 3 
คร้ัง/สัปดาห์ 

4. อาการง่วงนอนเป็นปัญหาต่อการเรียน บ่อย
เท่าใด 

    

5. ท่านมีปัญหาปัสสาวะรดท่ีนอน     
6. ท่านนอนกรนเสียงดงั     
7. ท่านมีอาการแขน ขากระตุกขณะหลบั     
8. ท่านมีอาการนอนละเมอพดู     
9. ท่านมีอาการนอนละเมอเดิน     
10. ท่านมีอาการนอนกดัฟัน     
11. ท่านมกัตกใจต่ืนจากฝันร้าย     
12. ท่านมีอาการหยดุหายใจขณะหลบั     
13. ใน 4 สปัดาห์ท่ีผา่นมาท่านรู้สึกวา่คุณภาพการ

นอนหลบัโดยรวมเป็นอยา่งไร 
    

 
ส่วนที ่4 โทรศัพท์มอืถือ 
26. ปัจจุบนัท่านมีโทรศพัทเ์ป็นของตนเองหรือไม่ 

1.☐ใช่  จ านวน........................เคร่ือง 2.☐ไม่ใช่ 
27. ท่านมีโทรศพัท ์เป็นของตนเองตั้งแต่เม่ือไร 

เร่ิมใชเ้ม่ืออาย.ุ.............ปี  หรือเร่ิมใชเ้ม่ือเรียนอยูช่ั้น..................................................... 
28. ปัจจุบนัโทรศพัทมื์อถือของท่านเป็น แบบสมาร์ทโฟน 

1.☐ใช่ 2.☐ไม่ใช่ 
29. ท่านใชบ้ริการอะไรจากโทรศพัทมื์อถือและใชม้ากนอ้ยเพียงใดถา้คิดวา่การใชท้ั้งหมด เป็น 100 

 (ตอบไดม้ากกวา่ 1 ขอ้) 
บริการทีใ่ช้จากโทรศัพท์ มากกว่า 50 ประมาณ 

50  
น้อยกว่า 50 น้อยกว่า 25 

1. ใชส้นทนา โทรเขา้และโทรออก     
2. ใชไ้ลน์/สไกป์/ เฟสบุค     
3. ใชดู้หนงั/ฟังเพลง/ใชถ่้ายรูป     

30. ท่านถือโทรศพัทข์ณะท าการสนทนา อยา่งไร 

1. ☐ส่วนใหญ่ถือแนบหูขา้งซา้ย 2.☐ส่วนใหญ่ถือแนบหูขา้งขวา 3.☐ส่วนใหญ่ถือสลบัขา้งไปมา 
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31. ท่านใชหู้ฟัง (hand free) ขณะสนทนาทางโทรศพัทห์รือไม่ 

1.☐ใชหู้ฟังขณะการสนทนาทุกคร้ัง 2.☐ไม่เคยใชหู้ฟังในการสนทนา 

3.☐ ใชหู้ฟังขณะสนทนาบ่อยๆใชเ้ท่ากบัหรือมากกวา่ 5 คร้ังในการสนทนา  10 คร้ัง 

4.☐ ใชหู้ฟังขณะสนทนาบางคร้ัง ใชน้อ้ยกวา่ 5 คร้ังในการสนทนา 10 คร้ัง 
32. ท่านมกัเปิดล าโพง (speaker phone) ขณะสนทนาทางโทรศพัทห์รือไม่ 

1.☐เปิดล าโพงขณะการสนทนาทุกคร้ัง 2.☐ไม่เคยเปิดล าโพงขณะสนทนา  

3.☐เปิดล าโพงขณะสนทนาบ่อยๆใชเ้ท่ากบัหรือมากกวา่ 5 คร้ังในการสนทนา10 คร้ัง 

4.☐เปิดล าโพงขณะสนทนาบางคร้ัง ใชน้อ้ยกวา่ 5 คร้ังในการสนทนา10 คร้ัง 
33. ปัจจุบนัท่านใชโ้ทรศพัทย์ีห่อ้ใดในการสนทนา ทั้งโทรเขา้ โทรออก และปริมาณเท่าไร  

(กรณีมีมากกวา่ 1 เคร่ืองใหใ้ส่ขอ้มูลทุกเคร่ือง) 
ยีห่อ้โทรศพัท ์ ระยะเวลาการสนทนา 

แต่ละคร้ังนาน (นาที) 
ความถ่ีบ่อยในการสนทนา 
  (คร้ัง/วนั) 

นอ้ยกวา่ 
10 นาที 

10-30  
นาที 

มากกวา่ 
30 นาที 

1- 5 
 

5- 10    
 

มากกวา่10 

1.ยีห่อ้โทรศพัทร์ะบุ........................ 
2.ยีห่อ้โทรศพัทร์ะบุ......................... 
3. ยีห่อ้โทรศพัทร์ะบุ....................... 

      

a. เฉล่ียระยะเวลาในสนทนาจากโทรศพัทมื์อถือ/คร้ัง นาน...............นาที หรือ...............ชัว่โมง 
b. เฉล่ียจ านวนคร้ังในการสนทนาจากโทรศพัทมื์อถือ/วนั.................คร้ัง 

34. ท่านคิดวา่ท่านมีอาการปวดศีรษะหลงัการสนทนาจากโทรศพัทมื์อถือหรือไม่ 

1.☐ใช่ 2. ☐ไม่ใช่ 
35. ในระยะเวลา 1 ปีทีผ่่านมาท่านมีอาการปวดศีรษะขณะหรือหลงัสนทนาโทรศพัทมื์อถือ บ่อยเท่าไร 

1.☐มีอาการปวดศีรษะนอ้ยกวา่ 10คร้ังขณะหรือหลงัสนทนาโทรศพัทมื์อถือ  

2.☐มีอาการปวดศีรษะเท่ากบัหรือมากกวา่ 10 คร้ังขณะหรือหลงัสนทนาโทรศพัทมื์อถือ 

3.☐มีอาการปวดศีรษะทุกคร้ังขณะหรือหลงัสนทนาโทรศพัทมื์อถือ 

4.☐ไม่เคยมีอาการปวดศีรษะขณะหรือหลงัสนทนาโทรศพัทมื์อถือ 
36. ในระยะเวลา 1 เดอืนทีผ่่านมาท่านมีอาการปวดศีรษะขณะหรือหลงัสนทนาโทรศพัทมื์อถือ บ่อยเท่าไร 

1.☐มีอาการปวดศีรษะนอ้ยกวา่ 10 คร้ังขณะหรือหลงัสนทนาโทรศพัทมื์อถือ  

2.☐มีอาการปวดศีรษะเท่ากบัหรือมากกวา่ 10 คร้ัง 

3.☐มีอาการปวดศีรษะทุกคร้ังท่ีมีการใชโ้ทรศพัทมื์อถือ 

4.☐ไม่เคยมีอาการปวดศีรษะขณะหรือหลงัสนทนาโทรศพัทมื์อถือ 
37. ท่านรู้สึกร้อนบริเวณใบหูหลงัหูบริเวณหนา้หรือศีรษะขณะหรือหลงัการสนทนาจากโทรศพัทมื์อถือหรือไม่ 

1.☐ใช่ 2.☐ไม่ใช่ 
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ข้อมูลของท่านจะท าให้ช่วยหาสาเหตุอาการปวดศีรษะแลปัญหาการนอนหลบั และปรับปรุงระบบดูแล
สุขภาพ เพือ่พฒันาคุณภาพการเรียนรู้ 

Questionnaire 2 
      ชุดท่ี 2.2 

เลขทีแ่บสอบถาม ☐/☐☐/☐☐ 
       ช้ัน/ห้อง/เลขที ่

กรุณาอ่านค าถามและรายละเอียดของแต่ละข้อให้เข้าใจและเลือกตอบในข้อที่ตรงกับท่านมากที่สุด โดยท า
เคร่ืองหมาย หรือ หน้าข้อทีท่่านเลอืก 

 เบอร์โทรศพัทท่ี์ติดต่อได…้……………………………………………………………….. 

 เพศ 1.  ☐ชาย 2. ☐หญิง 
 ปัจจุบนัท่านเรียนอยูร่ะดบั  

1. ☐มธัยมศึกษาปีท่ี 4 2.☐มธัยมศึกษาปีท่ี 5 3.☐มธัยมศึกษาปีท่ี 6 
ส่วนที ่1  ข้อมูลเกีย่วกบัอาการปวดศีรษะ HIT 6 
1. ในช่วง 1 เดอืนทีผ่่านมา ท่านมีอาการปวดศีรษะ ดงัต่อไปน้ีหรือไม่ 

 
อาการปวดศีรษะ ไม่เคย นานๆ คร้ัง 

1-2 วนั/
สปัดาห์ 

บางคร้ัง 
3–4 วนั/
สปัดาห์ 

บ่อยๆ 
5 วนั/
สปัดาห์ 

ทุกวนั 
6-7 

วนั/สปัดาห์ 

1. ท่านมีอาการปวดศีรษะระดบัรุนแรง บ่อย
เท่าใด 

     

2. ท่านมีอาการปวดศีรษะจนไม่สามารถท า 
กิจวตัร ประจ าวนัหรือการเรียน บ่อยเท่าใด 

     

3. ท่านมีอาการปวดศีรษะมากจนอยากลม้ตวั 
ลงนอนบ่อยเท่าใด 

     

4. ท่านมีอาการปวดศีรษะจนรู้สึกเหน่ือยลา้ 
เกินไป จนไม่อยากเรียนหนงัสือบ่อยเท่าใด 

     

5. ท่านมีอาการปวดศีรษะจนท าใหรู้้สึกเบ่ือ
หน่าย หงุดหงิด ร าคาญ บ่อยเท่าใด 

     

6. ท่านมีอาการปวดศีรษะจนไม่มีสมาธิในการ
ท ากิจกรรมและการเรียน บ่อยเท่าใด 

     

 
2. ท่านคิดวา่อาการปวดศีรษะ ใน 4 สปัดาห์ท่ีผา่นมามีความรุนแรงระดบัใด 

(วงกลมท่ีตวัเลขตามระดบัความปวดของท่าน  0 = ไม่ปวด  10 = ปวดมากท่ีสุด) 
          

0 1 2  3 4    5     6       7         8            9     10 
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ส่วนที ่2 ความวติกกงัวลและภาวะซึมเศร้า  ใช้  HADS คะแนน ≥11 
3. ในช่วง 1 สัปดาห์ท่ีผา่นมา ท่านมีอารมณ์ ความรู้สึก ดงักล่าวหรือไม่ อยา่งไร(ตอบค าถามทุกข้อ ) 

อารมณ์ความรู้สึก บ่อยๆคร้ัง 
≥ 4 คร้ัง 

บางคร้ัง 
2-3 คร้ัง 

นานๆ คร้ัง 
   1 คร้ัง 

ไม่เป็นไร
เลย                                               

1. ฉนัรู้สึกตึงเครียด 3 2 1 0 
2. ฉนัมีความคิดวติกกงัวล 3 2 1 0 
3. ฉนัรู้สึกแจ่มใสเบิกบาน 0 1 2 3 
4. ฉนัรู้สึกวา่ตวัเองคิดอะไรท าอะไรเช่ืองชา้ ลงกวา่เดิม 3 2 1 0 
5. ฉนัรู้สึกไม่สบายใจจนท าใหป่ั้นป่วนในทอ้ง 3 2 1 0 
6. ฉนัรู้สึกผวาหรือตกใจข้ึนมาอยา่งกะทนัหนั 3 2 1 0 
7. ฉนัรู้สึกเพลิดเพลินกบัการอ่านหนงัสือฟังวทิยดูุทีว ี

หรือกิจกรรมอ่ืนๆท่ี เคยเพลิดเพลินได ้
0 1 2 3 

8. ฉนัรู้สึกเพลิดเพลินใจกบัส่ิงต่างๆท่ีฉนัเคยชอบได ้  2 

1. ☐เหมือนเดิม  2. ☐ไม่มากเท่าเดิม 3. ☐มีเพียงเลก็นอ้ย 4. ☐เกือบไม่มีเลย 
9. ฉนัมีความรู้สึกกลวัคลา้ยกบัวา่ก าลงัจะมีเร่ืองไม่ดีเกิดข้ึน 3  
1.☐มีความรู้สึกและรุนแรง 2. ☐มีความรู้สึกแต่ไม่รุนแรง 3. ☐มีเล็กนอ้ยไม่กงัวล 4. ☐ไม่มีเลย 

10. ฉนัสามารถหวัเราะและมีอารมณ์ขนัในเร่ืองต่างๆได ้ 4 
1.☐เหมือนเดิม 2. ☐ลดลงมีไม่มากนกั 3. ☐มีเล็กนอ้ย 4. ☐ไม่สามารถท าได ้

11. ฉนัสามารถท าตวัตามสบายและรู้สึกผอ่นคลาย  7 
1.☐เหมือนเดิม 2. ☐ลดลงมีไม่มากนกั 3. ☐ไม่บ่อยนกั 4. ☐ไม่สามารถท าได ้

12. ฉนัปล่อยเน้ือปล่อยตวั ไม่สนใจตนเอง   10 
1.☐.ใช่ 2. ☐ไม่ใส่ใจเท่าท่ีควร 3. ☐ใส่ใจนอ้ยกวา่เดิม 4. ☐ใส่ใจเหมือนเดิม 

13. ฉนัรู้สึกกระสบักระส่ายเหมือนกบั จะอยูน่ิ่งๆไม่ได ้ 11  

1.☐เป็นมากทีเดียว 2. ☐เป็นค่อนขา้งมาก 3. ☐ไม่มากนกั 4. ☐ไม่เป็นเลย 
14. ฉนัมองส่ิงต่างๆในอนาคตดว้ยความเบิกบานใจ   12 
1.☐มากเท่าท่ีเคยเป็น 2. ☐ค่อนขา้งน้อยกวา่เดิม 3. ☐นอ้ยกวา่เดิม 4. ☐เกือบไม่มีเลย 

 
4. ท่านคิดวา่ท่านมีความวติกกงัวล อยูร่ะดบัใด 

(วงกลมท่ีตวัเลขตามระดบัความปวดของท่าน  0 = ไม่ปวด  10 = ปวดมากท่ีสุด) 
          
0             1               2                3              4                5                6              7               8                9         10 

5. ท่านคิดวา่ท่านมีภาวะซึมเศร้า อยูร่ะดบัใด 
(วงกลมท่ีตวัเลขตามระดบัความปวดของท่าน  0 = ไม่ปวด  10 = ปวดมากท่ีสุด) 

          
        0             1               2               3              4                5               6               7                8                9          10 
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ส่วนที ่3 ข้อมูลพฤตกิรรมการนอนและการง่วงนอนกลางวนั  
6. ในชีวติปกติท่านมีพฤติกรรมการนอน ดงัน้ี 

โปรดตอบค าถามทุกข้อ หากท่านไม่แน่ใจใหเ้ลือกค าตอบท่ีท่านคิดวา่ใกลเ้คียงท่ีสุด 
พฤตกิรรมการนอน ไม่เลย บางคร้ัง 

1-2 คร้ัง/
สปัดาห์ 

ประจ า 
3–4 คร้ัง/
สปัดาห์ 

บ่อยๆ 
5 คร้ัง/
สปัดาห์ 

1. ท่านเขา้นอนตรงเวลา 0 1 2 3 
2. เขา้นอนเม่ือรู้สึกง่วง 3 2 1 0 
3. จดัเวลาการนอนไดอ้ยา่งนอ้ยคืนละ 8 ชัว่โมง 0 1 2 3 
4. ต่ืนนอนเป็นเวลา 0 1 2 3 
5. ลุกจากเตียงทนัทีเม่ือรู้สึกตวั 3 2 1 0 
6. ท่านนอนกลางวนัมากกวา่ 1 ชัว่โมง 3 2 1 0 
7. เม่ือนอนไม่หลบัท่านลุกข้ึนหางานเบาๆท า 0 1 2 3 
8. ท่านรับประทานอาหารจ านวนมาก ในม้ือค ่าก่อนนอน  3 2 1 0 
9. ท่านด่ืมเคร่ืองด่ืมอุ่นๆก่อนนอน 0 1 2 3 
10. ออกก าลงักายอยา่งสม ่าเสมอ  0 1 2 3 
11. สูบบุหร่ีก่อนนอน 3 2 1 0 
12. ด่ืมแอลกอฮอลห์ลงัรับประทานอาหารเยน็ 3 2 1 0 
13. ด่ืมเคร่ืองด่ืมท่ีมีคาเฟอีนหลงัเท่ียงวนั 3 2 1 0 
14. ด่ืมเคร่ืองด่ืมชูก าลงัหลงัเท่ียงวนั 3 2 1 0 
15. นอนในหอ้งท่ีมีอากาศถ่ายเทสะดวก 0 1 2 3 
16. ท่านนอนในหอ้งท่ี ไม่มีเสียงรบกวน  0 1 2 3 
17. ท่านนอนในหอ้งท่ี ไม่มีแสงรบกวน 0 1 2 3 
18. นอนบนเคร่ืองท่ีท่านรู้สึกสบาย 0 1 2 3 
19. ท ากิจกรรมท่ีท าใหผ้อ่นคลายก่อนนอน 0 1 2 3 
20. คิดถึงปัญหาต่างๆขณะเขา้นอนเขา้นอน 3 2 1 0 
21. ท ากิจกรรมต่ืนเตน้เร้าใจก่อนนอน เช่น ดูทีว ี 

เล่นเกมส์คอมพิวเตอร์ 
3 2 1 0 

22. ท่านมกัคุยโทรศพัทก่์อนเขา้นอน     
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7. ใน 1 เดอืนทีผ่่านมา ท่านมีอาการโงกหลบั ดงัน้ี (อาการโงกหลบั หรือสปัหงก การเคล้ิม หรืองีบหลบั)โปรดตอบ
ค าถามทุกข้อ 
อาการโงกหลบั  ไม่เลย บางคร้ัง 

1-2 คร้ัง/
สปัดาห์ 

ประจ า 
3–4 คร้ัง/
สปัดาห์ 

บ่อยๆ 
5 คร้ัง/
สปัดาห์ 

1. ท่านโงกหลบัโดยไม่ตั้งใจทั้งกลางวนัและตอนเยน็ 
บ่อยเท่าใด 

    

2. ท่านโงกหลบัขณะท่ีนัง่อยูต่ามสบาย บ่อยเท่าใด     
3. ท่านโงกหลบัขณะท่ีนัง่ดูโทรทศัน์หรืออ่าน

หนงัสือ  บ่อยเท่าใด 
    

4. ท่านโงกหลบัขณะท่ีก าลงันัง่คุยอยู ่บ่อยเท่าใด     
5. ท่านเคยมีปัญหาง่วงนอนในช่วงเวลากลางวนัหรือ

ตอนเยน็ บ่อยเท่าใด 
    

6. ท่านเคยมีประสบการณ์วา่การโงกหลบัในเวลา
กลางวนัเป็นปัญหา บ่อยเท่าใด 

    

8. ใน 1 เดอืนทีผ่่านมาท่านคิดวา่การนอนไม่หลบัของท่านเกิดจากสาเหตุอะไร (ตอบได้มากกว่า 1 ข้อ) 

1. ☐ไม่มี/ไม่ทราบ 2. ☐ตอ้งการนอนกบั
พอ่แม่ 

3.☐กลวันอนคนเดียว 4.☐กลวัความมืด 

5. ☐หิวหรืออ่ิม 6.☐นอนกลางวนั 7.☐ทะเลาะหรือมีปัญหากบัเพ่ือน/แฟน 

8. ☐มีปัญหากบัคนในครอบครัว 9.☐เร่ืองเรียน การท ารายงาน 

10.☐เล่นเกมส์จนดึก 11. ☐ไม่สบาย 12.☐เท่ียวกลางคืน 

13.☐คุยโทรศพัทจ์นดึก 14.☐อ่ืนๆระบุ...................................................... 
9. ใน 1 เดอืนทีผ่่านมาท่านมีวธีิการแกปั้ญหาการนอนไม่หลบัอยา่งไร (ตอบได้มากกว่า 1 ข้อ) 

☐1.นอนเฉยๆ จนหลบั ☐2.อ่านหนงัสือ ☐3.ฟังเพลงเบาๆ ☐4.สวดมนต ์

☐5. นวดผอ่นคลาย ☐6.ลุกข้ึนมาดูทีว ี ☐7. ทานยาช่วยใหห้ลบั 

☐8. อ่ืนๆระบุ...................................................... 
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APPENDIX C 

Headache and Sleep daily  

แบบบนัทึกอาการปวดศีรษะ ให้บันทึกทุกคร้ังท่ีเกิดอาการปวดศีรษะ โดยเติมขอ้มูลในช่องทุกช่องให้สมบูรณ์  เลือก
ตวัเลขจากช่องขอ้มูลในการตอบค าถาม โดยพิจารณาใหต้รงหัวขอ้ ก ข ค ง และกรณีไม่ปวดศีรษะให้บันทกึในเวลา 
20.00น. โดยบันทกึ ข้อ 7-9 เท่านั้น 

วนัที่ รายละเอยีดอาการปวดศีรษะ 

เวลาปวด (ก) อาการก่อน
อาการปวด
ศีรษะ 

(ข) อาการเกดิ
ร่วมกบัอาการปวด
ศีรษะ 

(ค) 
ผลกระทบ
อาการปวด 

(ง)ส่ิงท่ีกระตุ้น
อาการปวด
ศีรษะ 

(จ) การ
แก้ไขการ
ปวดคร้ังนี้ 

1.1 ปวดคร้ังท่ี 1 เร่ิม.........น. 
หาย.......น. 

     

2.1 ความรุนแรงของอาการ
ปวดคร้ังนี้ 

          

          0       1          2          3          4        5          6           7        8          9         10 
1.2 ปวดคร้ังท่ี 2 เร่ิม.........น. 

หาย.......น. 
     

2.2 ความรุนแรงของอาการ
ปวดคร้ังนี้ 

          

          0       1          2          3          4        5          6           7        8          9         10 
3. การปวดคร้ังน้ีท่านมีอาการร้อนบริเวณหูหรือใบหนา้ดา้นท่ีใชโ้ทรศพัท ์ 1.ใช่        2.ไม่ใช่ 
4.ลกัษณะอาการปวดใน 
คร้ังน้ี 

1.ปวดตุบ้ๆ  2.ปวดต้ือๆ ตึงๆ เหมือนถูกทบั  3.ปวดจ๊ีดๆ เหมือนถูกเขม็แทง  
4. ปวดแน่นๆ เหมือนถูกบีบ รัด  

5.บริเวณท่ีปวดในคร้ังน้ี 
 

1.  ทา้ยทอย  2.  ขมบั   3. กลางศีรษะ  4.  เบา้ตา  5.  หนา้ผาก   6.  จมกู    
7.  ตน้คอดา้นหลงั           8.  ไหล่/บ่า   

6.ปวดขา้งใดในคร้ังน้ี 1.  ปวดขา้งท่ีใชโ้ทรศพัท ์ 2. ปวดขา้งท่ีไม่ใชโ้ทรศพัท ์  
3.  ปวด 2 ขา้งพร้อมกนั 4.  ปวด 2 ขา้งสลบักนั            

7.วนัน้ีท่านสนทนาโทรศพัท์
แนบหู โดยใช ้wifi เช่น line 

1. ไม่ใช่   2. ใช่  เวลา......................................คร้ังละ............................นาที 
(ใหล้งเวลาท่ีโทรทาง wifi และ จ านวนนาทีท่ีโทรทุกคร้ัง) 

8.วนัน้ีท่านใชหู้ฟังในการ
สนทนาทางโทรศพัทมื์อถือ
หรือใช ้speaker phone   

1.  ไม่ใช ้    2.  ใช<้ 50 % ของการสนทนา    3. ใช ้50 %ของการสนทนา 
4.  ใชม้ากกวา่ 50 % หรือใชทุ้กคร้ัง    

9. จ  านวนคร้ังของอาการปวดศีรษะรวมในวนัน้ี  1.  จ  านวน............คร้ัง    2. ไม่ปวดเลย 
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ข้อมูลในการตอบค าถาม (ทุกข้อเลอืกได้มากกว่า 1 ข้อ) 

(ก) อาการก่อนเกดิปวดศีรษะ 
1 ไม่มีอาการ 
2 เห็นภาพซอ้น 
3 รู้สึกซ่า หรือชา 
4 เดินเซ 
5 พดูล าบาก 
6 อ่อนแรง คร่ึงซีก 
7 ซึม หรือไม่รู้สึกตวั 
(ข) อาการเกดิร่วมปวดศีรษะ 
1 ไม่มีอาการ 
2 คล่ืนไส ้
3 อาเจียน 
4 กลวัแสง 
5 กลวัเสียง 
6 คดัจมูก น ้ ามูกไหล  
ตาแดง ตาบวม น ้ าตาไหล        
7อ่ืนๆระบุ............................ 
(ค) ผลกระทบอาการปวด 
1 =ปวดเลก็นอ้ยไม่มีผลกระทบ 
2 =ปวดปานกลางกระทบการท ากิจกรรม     
3=ปวดมากจนตอ้งนอนพกั 
4=ปวดมากจนหยดุเรียน                      

(ง) กระตุ้นอาการปวดศีรษะ 
1 ไม่แน่ใจ   
2 ไม่สบาย เป็นหวดั 
3 ใชค้อมพิวเตอร์นาน…….ชม. 
4 เสียงดงั แสงจา้ กล่ินเหมน็ ฉุน 
5 อากาศร้อน/เยน็เกินไป  
6 การนอน(นอ้ย/มากไป) 
7 ทานอาหารไม่ตรงเวลา/อดอาหาร 
8 เคร่ืองด่ืมกาแฟ 
9 เคร่ืองด่ืมชา/ชาขวด/ชานม 
10 เคร่ืองด่ืมแอลกอฮอล ์
11 ประจ าเดือน 
12 มีเพศสมัพนัธ์ 
13 ใชส้ารเสพติด 
14 หลงัสนทนาทางโทรศพัทมื์อถือ 
ไม่ใชหู้ฟัง 
15 ทอ้งผกู (ถ่ายไม่ออก/ ถ่ายไม่สุด/ 
อุจาระแขง็แหง้ตอ้งเบ่งมาก) 
(จ) การแก้ไขอาการปวด 
1 ไม่ท าอะไร 
2 นอน  
3 ฟังเพลง 
4 การนวด 
5 ทานยา6. อ่ืนๆ ระบุ................. 
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แบบบันทกึการนอน  ให้ท่านบันทกึส่วนนีใ้ห้สมบูรณ์ในตอนเช้าหลงัตืน่นอน 
 วนัจนัทร์ท่ี วนัองัคารท่ี 
1 เม่ือคืนท่านเขา้นอนเวลา .................น .................น 
2.ท่านต่ืนนอนตอนเชา้เวลา .................น .................น 
3 เม่ือคืนท่านเขา้นอนแลว้หลบัเป็น
อยา่งไร 

1.  หลบัง่าย < 15 นาที 
2.  ใชเ้วลา 15 - 20 นาที 
3.  หลบัยาก > 20 นาที 

1.  หลบัง่าย < 15 นาที 
2. ใชเ้วลา 15 - 20 นาที 
3.  หลบัยาก > 20 นาที 

4 เม่ือคืนท่านต่ืนนอนตอนกลางคืน
หรือไม่ 

1.  ไม่ใช่   2.  ใช่    
จ านวนคร้ังท่ีต่ืน.........คร้ัง 
นานคร้ังละ............นาที 

1.  ไม่ใช่   2.  ใช่    
จ านวนคร้ังท่ีต่ืน.........คร้ัง 
นานคร้ังละ............นาที 

5. โดยรวมแลว้เม่ือคืนท่านหลบัได ้ .............................ชัว่โมง .............................ชัว่โมง 
6 คุณรู้สึกอยา่งไรเม่ือต่ืนนอนตอนเชา้
วนัน้ี 

1.  สดช่ืน 
2.  ค่อยขา้งสดช่ืน 
3.  ง่วงนอน เหน่ือยลา้ 

1.  สดช่ืน 
2.  ค่อยขา้งสดช่ืน 
3.  ง่วงนอน เหน่ือยลา้ 

7. เม่ือคืนการนอนหลบัของท่านถูก
รบกวนจาก 
(ตอบไดม้ากกวา่ 1 ขอ้) 

1.  เปล่ียนท่ีนอน 
2.  แสงสวา่ง 
3.  เสียงดงั 
4.  ร้อนหรือเยน็ 
5.  อ่ืนๆ ระบุ............... 

1. เปล่ียนท่ีนอน 
2.  แสงสวา่ง 
3.  เสียงดงั 
4.  ร้อนหรือเยน็ 
5.  อ่ืนๆ ระบุ.................. 

8. เม่ือคืนคุณใชย้านอนหลบั  1.  ไม่ใช่  
2.  ใช่ ระบุ 

1.  ไม่ใช่  
2.  ใช่ ระบุ 

ให้ท่านบันทกึส่วนนีใ้ห้สมบูรณ์ในตอนค า่ ก่อนเข้านอน 
 วนัจนัทร์ท่ี วนัองัคารท่ี 
1.ท่านด่ืมกาแฟ/ชา 
 

1.  เชา้ จ านวน......แกว้ 
2.  กลางวนั .......แกว้  
3.  เยน็ ......แกว้ 

1.  เชา้ จ านวน......แกว้ 
2.  กลางวนั .......แกว้  
3.  เยน็ ......แกว้ 

2. วนัน่ีท่านรู้สึกวติกกงัวล
และซึมเศร้าระดบัใด 
(วนัน้ีท่านพบเหตุการณ์ท่ี
ท าใหว้ติกกงัวลหรือ
ซึมเศร้า) 

 1วติกกงัวล X  2ซึมเศร้าO 
          

0    1       2     3      4      5     6      7     8      9      10 

ใหใ้ชส้ญัลกัษณ์ลงตวัเลขตามระดบัท่ีรู้สึก 
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3.วนัน้ีท่านเคล้ิมหลบัขณะท ากิจกรรมดงัน้ี (ตอบไดม้ากกวา่ 1 ขอ้) 
1.  ก าลงันัง่และอ่านหนงัสือ 
2.  ก าลงัชมรายการทีว ี
3.  นัง่เฉยๆขณะเรียนหรือในโรงหนงั 
4. นัง่อยูใ่นรถโดยสารนาน 1 ชม. 
5.  เอนนอนกลางวนั 
6.  นัง่เฉยๆหลงัอาหารม้ือเท่ียง 
7.  นัง่และพดูคุยกนัอยูก่บับางคน 
8.  นัง่ในรถขณะรถติด 2-3 นาที 
4. ก่อนเขา้นอน 2-3 ชัว่โมง
ท่านไดท้ าส่ิงเหล่าน้ี 
(ตอบไดม้ากกวา่ 1 ขอ้) 

1.  ไม่ใช่     2.  เคร่ืองด่ืมแอลกอฮอล ์
3.  กาแฟ    4.  ชา/ชาขวด/ชานม 
5. อาหารจนอ่ิมมาก 
6. โทรศพัทท์าง wifi 
เช่น line นาน.............. นาที 

1.  ไม่ใช่     2.  เคร่ืองด่ืมแอลกอฮอล ์
3.  กาแฟ    4.  ชา/ชาขวด/ชานม 
5. อาหารจนอ่ิมมาก 
6. โทรศพัทท์าง wifi 
เช่น line นาน.............. นาที 

6. ก่อนเขา้นอนท่าน   ท า
กิจกรรม ดงัน้ี 
(ตอบไดม้ากกวา่ 1 ขอ้) 

1.  ไม่ใช่ 
2.  ดูทีวน่ีากลวั ต่ืนเตน้ 
3.  เล่นเกมส์คอมพิวเตอร์ 
4.  ท างานคอมพิวเตอร์ 
5.  อ่านหนงัสือ 
6.  ฟังเพลงเบาๆ 

1.  ไม่ใช่ 
2.  ดูทีวน่ีากลวั ต่ืนเตน้ 
3.  เล่นเกมส์คอมพิวเตอร์ 
4.  ท างานคอมพิวเตอร์ 
5.  อ่านหนงัสือ 
6.  ฟังเพลงเบาๆ 
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