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A prospective longitudinal study of mobile touch screen device use and 

musculoskeletal symptoms and visual health in adolescents 
 

Abstract  

This study aimed to examine prospective associations of mobile touch screen device (i.e. 

smartphone, tablet) use and patterns of use with musculoskeletal symptoms and visual health 

among adolescents. A representative sample of 1,691 adolescents in Singapore (51% girls;10-19 

years) completed an online questionnaire at baseline and one-year follow-up. After adjusting for 

potential confounders, prospective associations were found between baseline smartphone use 

and follow-up neck/shoulder (OR=1.61(95%CI=1.06-2.44)) and low back (OR=1.86(1.10-3.14)) 

symptoms; tablet use was also associated with neck/shoulder, low back and arms symptoms 

(OR=1.33(1.04-1.71)to1.52(1.18-1.95)). No associations were observed between the duration of 

smartphone/tablet use and symptoms. Baseline patterns of use (bout length, certain types of 

activities, multitasking) were associated with follow-up musculoskeletal symptoms. 

Smartphone/tablet use was not related to visual outcomes (visual symptoms, wearing 

glasses/contact lenses, myopia) at follow-up. These findings suggest that patterns of 

smartphone/tablet use (though not the duration of use) can pose a prospective risk for 

musculoskeletal symptoms. 

Keywords: smartphone; tablet; pain 
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1. Introduction 

Adolescents’ use of mobile touch screen devices (MTSDs), namely smartphones and 

tablet computers, has increased rapidly in recent years (Rideout, 2015). Several large-scale 

surveys have highlighted the high use of MTSDs, with their use becoming an integral part of 

adolescents’ everyday lives (Australian Communications and Media Authority, 2016; Ofcom, 

2017; Rideout, 2015). This high use has raised concerns about the potential negative impact on 

health, including musculoskeletal and visual health (Ramamurthy et al., 2015; Straker et al., 

2018).  

Cross-sectional surveys conducted in young adults (Toh et al., 2017) and, less 

commonly, in adolescents (Kwok et al., 2017; Straker et al., 2018) have shown that 

neck/shoulder, back and/or upper extremity discomfort were associated with greater MTSD use. 

Several laboratory studies, conducted primarily in adults, reported increased non-neutral 

postures and sustained muscle loading in neck/shoulder and upper extremity regions with MTSD 

use, which may pose a risk for musculoskeletal disorders (Gustafsson et al., 2018; Toh et al., 

2017). Smartphone use has also been shown to be related to visual symptoms among adolescents 

(Kim et al., 2016; Straker et al., 2018), and excessive screen time may increase the risk of 

myopia, directly or indirectly as a result of reduced time spent outdoors (Ramamurthy et al., 

2015). However, the majority of these studies on MTSD use and musculoskeletal and visual 

outcomes were cross-sectional in nature; there are no longitudinal studies known to date in 

adolescents. In cross-sectional studies, it is difficult to determine the cause and effect as 

exposure to the risk factor and outcome variables are simultaneously evaluated (Sedgwick, 

2014). Hence, the temporal associations of MTSD use and musculoskeletal and visual health in 

adolescents are still largely unknown.  
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Prior research has shown that musculoskeletal symptoms can adversely affect 

adolescents’ health and activities, such as development of chronic pain (El-Metwally et al., 

2004), school absenteeism or reduced physical activity (Bejia et al., 2005; O'Sullivan et al., 

2012), and visual symptoms that can lead to eye-related developmental problems (Akinbinu and 

Mashalla, 2014) or age-related macular degeneration (Tosini et al., 2016). Given the potential 

negative impact of musculoskeletal and visual symptoms on adolescents’ growth and 

development, and the ubiquity of MTSD use among adolescents today, it is relevant to examine 

the possible casual relationships in this particular age group. 

In addition, studies examining patterns of MTSD use, and their longitudinal associations 

with musculoskeletal symptoms, are limited. Prior cross-sectional studies have demonstrated 

that patterns of computer use, such as usual duration (Harris et al., 2015), break frequency 

(Menéndez et al., 2008), and the types of activities (Straker et al., 2013), impact musculoskeletal 

symptoms. Although MTSDs differ from computers in their portability and usage biomechanics, 

emerging evidence suggests patterns of MTSD use may influence the risk for musculoskeletal 

symptoms (Toh et al., 2017; Xie et al., 2017). Another pattern of MTSD use, multitasking with 

other devices or tasks, has become prevalent among adolescents and has been shown to disrupt 

learning and socioemotional functioning (van der Schuur et al., 2015). However, its impact on 

musculoskeletal health is still unknown. 

Therefore, this study aimed to examine if:  

1a) prevalence of baseline MTSD use (yes/no) and use duration predicts musculoskeletal 

symptoms at follow-up, 

1b) baseline patterns of MTSD use (i.e. bout length, types of activities, multitasking) predict 

musculoskeletal symptoms at follow-up, 
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1c) change in MTSD use duration (from baseline to follow-up) predicts change in severity of 

musculoskeletal symptoms (from baseline to follow-up), 

2) prevalence of baseline MTSD use (yes/no) and use duration predicts visual health outcomes 

(i.e. visual symptoms, wearing glasses/ contact lenses, myopia) at follow-up. 

2. Methods 

2.1 Study design and sample 

In this prospective longitudinal study, baseline data were collected February-June 2016, 

and one-year follow-up data were collected March-June 2017. Results from baseline data were 

reported by Toh et al. (2019a). Sample size was calculated using G*Power software. It was 

estimated that a sample size of 2000 would enable the detection of an odds ratio (OR) of 1.17 

with 80% power and an alpha probability of 0.05. This expected effect size is based on the OR 

reported by a survey study on risk of neck/shoulder and back pain with computer and tablet use 

in adolescents (Shan et al., 2013).  

Reporting of this study was carried out according to the STROBE checklist (von Elm et 

al., 2007). Four school grade levels were selected to include adolescents from 10 to 19 years of 

age: grades primary 5, secondary 1, secondary 3 and post-secondary year 1 at baseline. 

Adolescents were recruited from schools in Singapore using a sampling matrix stratified on 

socioeconomic (i.e. type of school and location of school based on household income) and 

academic indicators (i.e. educational stream). A list of all the schools in Singapore was obtained 

from the Ministry of Education Singapore (2015). Primary schools were stratified on different 

types of school (government or government-aided) and location (higher and lower 

socioeconomic status based on the top and bottom 50th percentile of median monthly household 

income of each planning area). Secondary schools were also stratified on different types of 
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school (government or government-aided) and educational stream (Express [higher academic] or 

Normal [lower academic] stream). Post-secondary schools were stratified on different types of 

schools (junior college, polytechnic or vocational) (see Toh et al. (2019a) for further details of 

sampling reported in article on baseline results). Within each stratified sampling cell, schools 

were invited in random order.  

Ethics approval was obtained from Curtin University Human Research Ethics Committee 

(RDHS-100-15). Approval for data collection was obtained from the Singapore Ministry of 

Education and the Principal of each participating school. Assent from adolescents and written 

informed consent from parents/guardians were obtained for participants younger than 18 years 

old, while adolescents who were at least 18 years old provided written consent. For participants 

younger than 18 years old, consent forms were distributed to the parents by teachers who 

distributed the forms to their students. The forms were then collected from the teachers, from 

students whose parents have provided written informed consent for their participation in the 

study. All consented students present on the day of data collection participated.  

Adolescents completed an online questionnaire in a school classroom using a 

laptop/tablet computer (or a smartphone for junior college students). During administration of 

the questionnaire, a research team member was present to answer questions. Follow-up was 

conducted with the same classes of students in schools, and a class attendance list was used for 

checking of students who were present during administration of the questionnaire. Anonymous 

identifiers entered into the questionnaire were used to match responses provided at follow-up 

with those at baseline.  
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2.2 Measures  

The same questionnaire administered at baseline, Technology Use Questionnaire 

(TechU-Q), was administered to participants online at one-year follow-up via Qualtrics 

(Qualtrics Provo UT, 2015). It had been developed based on prior studies by the investigators 

(Harris et al., 2017) and feasibility, face validity and test-retest reliability (moderate-high ICC) 

were pilot-tested in a sample of Australian grade 5 children (Straker et al., 2018). Further pilot-

testing with 15 adolescents in Singapore was conducted to ensure cultural applicability, resulting 

in minor changes to the text and formatting.  

Questions covered: duration (for a typical weekday and weekend day) and frequency 

(number of weekdays and weekend days) of technology use of MTSDs and other devices, i.e. 

TV, desktop, laptop, handheld electronic games, active and non-active game consoles. Bout 

length of use (typical duration of usage before stopping), duration for types of activities (i.e. 

homework, social, watching videos, games or other general use such as visiting websites, online 

shopping, emails), and the extent of multitasking while using the device (i.e. never; a little, 

some, or most of the time) were also captured. Answer options for duration of device use, 

duration of types of activities and bout length ranged from five, 15 or 30 minutes, to one hour, 

two hours and so forth in hourly increments up to 12 hours or more. Duration for daily use 

across the whole week and types of activities were calculated by multiplying duration by 

frequency, summing weekdays and weekend days. Bout length was dichotomised into </≥1 hour 

(Harris et al., 2015; Menendez et al., 2009). Change scores were calculated for MTSD use 

duration and severity index of musculoskeletal symptoms between baseline and follow-up. 

Musculoskeletal symptoms for neck/shoulders, upper back, low back, arms and 

wrist/hand (with body parts illustrated), were reported using a modified Nordic Musculoskeletal 

Questionnaire (Kuorinka et al., 1987). Questions included: prevalence (last 12 months, last 
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month), frequency (i.e. almost never [<1 time/month], occasionally [1-3 times/month], often [1-

3 times/week], always [>3 times/week]), intensity (numerical rating scale 0 to 10) and 

interference with normal activities (numerical rating scale 0 to 10). A severity index of 

musculoskeletal symptoms (0 to 30), was obtained by summing scores for frequency (score 0 to 

10 with ‘almost never’ scored as 0, while ‘occasionally’, ‘often’ and ‘always’ were scored as 

3.3, 6.7 and 10 respectively, to spread equally to a maximum score of 10), intensity and 

interference (each using 0 to 10 rating scale) (Coenen et al., 2016).  

Questions on visual health included: visual symptoms (i.e. eye strain [irritation, 

heaviness], tiredness, watering, redness, itching of eyes, blurring of vision, dry eye, double 

vision or headache; as adapted from symptoms of computer vision syndrome (Seguí et al., 

2015)) experienced during or after use of MTSDs in the last 12 months, use of glasses/contact 

lenses, trouble seeing far (myopia) and trouble seeing near (hyperopia) (Ojaimi et al., 2005).  

Mental health, using the Depression Anxiety Stress Scale 21 (DASS-21) (Szabo, 2010), 

and physical activity, using the Physical Activity Questionnaire for Adolescents (PAQ-A) 

(Kowalski et al., 2004), were also obtained as covariates. Certain types of physical activities for 

question one in PAQ-A had been amended (according to the top 15 sports by Singapore teens in 

Singapore Sports Council (2011)), to ensure cultural applicability and comprehensibility by 

adolescents in Singapore.  

2.3 Data analysis 

Descriptive statistics were obtained for MTSD usage, musculoskeletal symptoms, visual 

health and covariates. Both mean (SD) and median (IQR) of MTSD use duration were 

estimated. For aims 1a) and 2) using baseline prevalence of MTSD use (yes/no; as binary 

variable) and use duration (continuous variable) as the exposure variable, logistic regression was 
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used to determine the associations with the following binary dependent variables at one-year 

follow-up: presence of musculoskeletal symptoms in the last 12 months (aim 1a) and presence 

of visual health outcomes (aim 2) (see Table 3 and 4). For aim 1b), logistic regression was also 

used to determine the associations between baseline patterns of MTSD use (i.e. bout length (<1 

hour (reference group) or ≥1 hour), participation in type of activities (use [yes/no] and use 

duration models), multitasking (use [yes/no] and extent of multitasking models)) and presence of 

musculoskeletal symptoms at follow-up (see Table 3).  

All logistic regressions were used with piecewise models to separate out the effect of any 

use versus no use, from the effect of the amount of use among MTSD users. Each MTSD usage 

exposure variable was thus separated into two components: i) a binary indicator variable of any 

use, and ii) a continuous variable of hours of use duration, to allow a distinction between the 

effect of any use and the dose-response effect. Therefore, the exposure was separated for aims 

1a) and 2) into: MTSD use (yes/no) and, amongst those using MTSDs, use duration (mean daily 

use across the whole week as exposure ‘dose’ to examine dose-response relationships), and for 

aim 1b) into: types of activities (use [yes/no]) and use duration (as exposure ‘dose’), and 

multitasking (use [yes/no]) and extent of multitasking (as exposure ‘dose’).” All logistic 

regressions were adjusted for the following covariates - baseline: gender, school level, presence 

of musculoskeletal symptoms last month/visual health measures, mental health, physical activity 

and total technology use of other devices. Adjustment for total technology use of other devices 

was conducted in view of potential co-linearity between use of MTSDs and other devices. It was 

tabulated by summing mean daily use duration across the whole week of all the other devices, 

except for the exposure variable - smartphone or tablet use. ORs with 95% CIs were estimated.  

For aim 1c), linear regression was used to assess associations between change in MTSD 

use duration and change in musculoskeletal symptom severity index, for subgroup analysis with 
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participants who used smartphone/tablet at both baseline and follow-up (see Table 3). 

Unstandardized regression coefficients and 95% CIs were presented. Interactions between 

baseline MTSD use and gender were tested and not significant. Assumptions, including linearity 

and multicollinearity, for all the regression models were checked. Statistical analyses were 

carried out using STATA 14 and statistical significance was set at p<.05.   

3. Results 

3.1 Sample 

A total of 1735 participants from 14 schools provided responses to at least one question 

at follow-up. No school had dropped out at follow-up. All follow-up responses from polytechnic 

students were excluded from our analysis (n=44) due to different questionnaire administration 

method, poor response rate and difficulties recruiting an unbiased sample of polytechnic 

students. Hence, a total of 1691 responses from adolescents reporting baseline and follow-up 

data were included for our analysis (retention rate: 1691/1884=89.8%, see Figure 1). Baseline 

key characteristics of adolescents lost to follow-up (n=193; 10.2%) were compared with those 

who remained in the study; all were not significantly different except for higher baseline 

smartphone use duration, prevalence of neck/shoulder, upper back and low back symptoms in 

the last month among those lost to follow-up.  

At follow-up, the male:female ratio was similar in the total included sample (51% girls 

(n=862), 49% (n=829) boys) and at each school level. Mean age (SD) of participants was 14.3 

(2.0) years (range 11-19 years). The majority of participants were of Chinese ethnicity (75%, 

n=1269), followed by Malay (13%, n=218), Indian (6%, n=96) and others (6%, n=108). Gender 

and race demographics of the sample were comparable to the adolescent population in 

Singapore, according to data from the Department of Statistics Singapore (2016). 
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Figure 1. Flowchart of number of participants 
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n = 125 (all from polytechnic) excluded:  
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Baseline responses  
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baseline questionnaire 
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Follow-up 
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n = 1691 
 

[n=492 (primary 6); n=467 (secondary 2); 
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to sickness, competitions or 
other school activities, 
transferred class/ school  

n=44 responses from 
polytechnic excluded  

Total submitted 
responses for follow-up 

n=1735 

Submitted responses for 
follow-up (from primary, 

secondary and junior college): 
n=1691 

Submitted responses for 
follow-up  

(from polytechnic): 
n=44 
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3.2 Descriptive statistics 

Descriptive statistics of MTSD use, musculoskeletal symptoms, visual health and 

covariates (DASS-21 and PAQ-A scores) are reported in Tables 1 and 2. At baseline, 92% of 

adolescents reported using a smartphone while 52% reported using a tablet (Table 1). Baseline 

mean (SD) use duration for smartphone was 255 (238) mins/day, while that for tablet was 53 

(123) mins/day. Baseline median (IQR) smartphone use was 180 (51-420) minutes while tablet 

use was 2 (0-39) minutes. Median (IQR) smartphone/tablet use, bout length and use duration for 

types of activities at both baseline and follow-up are reported in Table A.1, Appendix A.  

At baseline, a high percentage of adolescents (70%) engaged in smartphone use with a 

typical bout length of ≥1 hour, whereas for tablet use it was only 36% (Table 1). Smartphones 

were more likely to be used for social activities and tablets for watching videos, and 

multitasking was more common with smartphones (83% versus 49%).  

At follow-up, musculoskeletal symptoms were most commonly reported in the 

neck/shoulder (74%) region (Table 2). There was little change in the severity index of 

symptoms, ranging from +0.3 (7.1) at wrist/hand to +0.9 (7.6) at neck/shoulder among 

participants who used a smartphone (n=1424) or tablet (n=471) at both baseline and follow-up 

(Table B.1, Appendix B).  

The mean number of visual symptoms reported at follow-up was 2.4 (2.1) (out of 9) 

(Table 2). The number of adolescents experiencing one or more visual symptoms, wearing 

glasses/contact lenses or reporting myopia at follow-up were 1336 (80%), 1121 (67%) and 945 

(61%), respectively. 
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Table 1. MTSD usage and patterns of MTSD use at baseline and follow-up 
Independent  
variables 

Smartphone Tablet 
Baseline Follow-up Baseline Follow-up 

MTSD usage     
Yesa (n (%)) 1513 (92%) 1568 (95%)*** 862 (52%) 605 (36%)*** 
Use duration  
(mins/day (SD)) 255 (238) 279 (232)*** 53 (123) 34 (95)*** 

 MTSD use duration 
(hrs/day (SD))     

Subgroup onlyb +0.4 (3.7) -0.3 (2.7) 
Bout length  
(mins/day (SD)) 185 (217) 189 (216) 71 (130) 49 (107)*** 

≥ 1 hour (n (%)) 1116 (70%) 1183 (73%)C*** 586 (36%) 455 (28%)C*** 
Types of activities      
Homework 
Yesa (n (%)) 977 (60%) 1035 (63%)*** 456 (28%) 263 (16%)*** 
Duration  
(mins/day (SD)) 53 (118) 52 (115) 15 (53) 8 (44)*** 

Social activities 
Yesa (n (%)) 1360 (84%) 1451 (88%)*** 452 (28%) 278 (17%)*** 
Duration  
(mins/day (SD)) 144 (197) 153 (199)** 23 (86) 12 (62)*** 

 Games 
Yesa (n (%)) 1138 (71%) 1114 (69%)*** 617 (38%) 391 (24%)*** 
Duration  
(mins/day (SD)) 84 (150) 81 (149) 32 (94) 18 (72)*** 

Watching videos 
Yesa (n (%)) 1320 (82%) 1417 (87%)*** 705 (43%) 471 (29%)*** 
Duration  
(mins/day (SD)) 127 (171) 142 (171)*** 45 (114) 28 (88)*** 

General use 
Yesa (n (%)) 1111 (68%) 1228 (75%)*** 498 (30%) 329 (20%)*** 
Duration  
(mins/day (SD)) 71 (142) 81 (153)** 23 (84) 13 (63)*** 

Multitasking      
Yesa (n (%)) 1387 (83%) 1447 (86%) 803 (49%) 601 (36%) 
Extent of 
multitasking (n (%)) 

    

   Never  286 (17%) 226 (14%) 846 (51%) 1049 (64%) 
   A little of the time 237 (14%) 228 (14%) 293 (18%) 229 (14%) 
   Some of the time 370 (22%) 424 (25%) 287 (17%) 195 (12%) 
   Most of the time 780 (47%) 795 (48%)c*** 223 (14%) 177 (11%)c*** 

ayes to prevalence of smartphone/tablet use, participation in the types of activities or multitasking (with 
no as reference group); SD: standard deviation;  changes in; bamong participants who used 
smartphone/tablet at both baseline and follow-up; camong the different categories of bout length/ 
extent of multitasking at baseline and follow-up; *p<.05, **p<.01 or ***p<.001 for differences between 
baseline and follow-up using chi-squared (for MTSD usage - Yesa, multitasking, bout length ≥ 1 hour) or 
Wilcoxon signed rank test (for MTSD usage - use duration, types of activities, bout length (mins/day)) 
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Table 2. Musculoskeletal symptoms, visual health outcomes and covariates (DASS-21 and PAQ-A scores) at 
baseline and follow-up 

Dependent variables 
 N Baseline Follow-up 
Musculoskeletal 
symptoms 

   

Last 12 months (n (%))    
   Neck/shoulder 1678 966 (57%) 1244 (74%)*** 
   Upper back  1678 645 (38%) 851 (51%)*** 
   Low back 1678 495 (30%) 707 (42%)*** 
   Arms 1678 790 (47%) 991 (59%)*** 
   Wrist/hand 1678 556 (33%) 762 (45%)*** 
Last month (n (%))    
   Neck/shoulder 1678 692 (41%) 781 (47%)*** 
   Upper back  1678 475 (28%) 524 (31%)*** 
   Low back 1678 365 (22%) 431 (26%)*** 
   Arms 1678 625 (37%) 668 (40%)*** 
   Wrist/hand 1678 454 (27%) 453 (27%)   
Severity indexa  
(mean (SD)) 

   

   Neck/shoulder 1691 4.7 (6.7) 5.5 (7.1)*** 
   Upper back  1691 3.2 (6.0) 3.7 (6.5)* 
   Low back 1691 2.6 (5.8) 3.1 (6.3)*** 
   Arms 1691 3.8 (6.2) 4.5 (6.7)** 
   Wrist/hand 1691 3.0 (5.9) 3.2 (6.3) 
Visual health    
Visual symptoms  
(mean (SD)) 

1670 2.2 (2.0) 2.4 (2.1)*** 

Presence of visual 
symptoms (n (%)) 

1670 
 

1279 (77%) 1336 (80%)*** 

Wearing glasses/  
contact lenses (n (%)) 

1663 1071 (64%) 1121 (67%)*** 

Myopia (n (%)) 1551 892 (58%) 945 (61%)*** 
Covariates    
DASS-21 (mean (SD)) 1691 13.5 (11.2) 14.2 (11.7)* 
PAQ-A (mean (SD)) 1675 2.44 (0.7) 2.37 (0.7)*** 
aseverity index of symptom last month, obtained from sum of scores for 
frequency, intensity and interference; DASS-21: Depression Stress 
Anxiety Stress Scale 21; PAQ-A: Physical Activity Questionnaire for 
Adolescents, *p<.05, **p<.01 or ***p<.001 for differences between 
baseline and follow-up using chi-squared (for last month, last 12 
months, presence of visual symptoms, glasses/contact lenses, myopia), 
Wilcoxon signed rank test (for severity index, visual symptoms, DASS-21) 
and paired t tests (for PAQ-A) 

 

3.3 Prospective associations between mobile touch screen device usage and musculoskeletal 

symptoms 

After adjusting for potential confounders (i.e. baseline values of gender, school level, 

presence of musculoskeletal symptoms last month, mental health, physical activity and total 
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technology use of other devices), significant prospective associations were found between 

baseline prevalence of smartphone use (yes/no) and presence of neck/shoulder (OR=1.61 

(95%CI=1.06-2.44)) and low back (OR=1.86 (1.10-3.14)) symptoms (aim 1a) (Table 3; 

unadjusted ORs in Table C.1, Appendix C). Baseline tablet use (yes/no) was also associated 

with one-year follow-up presence of neck/shoulder (OR=1.33 (1.04-1.71)), low back (OR=1.52 

(1.18-1.95)) and arms (OR=1.36 (1.07-1.73)) symptoms. However, amongst those using 

smartphones or tablets, no statistically significant dose-response relationships were found 

between smartphone or tablet use duration (hours/day) and musculoskeletal symptoms. 

Additional adjustments for visual symptoms, which had shown associations with 

musculoskeletal symptoms (Gowrisankaran et al., 2015), did not substantially change the results.  

Regarding associations between patterns of use and musculoskeletal symptoms (aim 1b), 

bout length of ≥1 hour of smartphone use at baseline was associated with presence of 

neck/shoulder (OR=1.20 (1.01-1.41)) and upper back (OR=1.29 (1.01-1.64)) symptoms at 

follow-up, while that for tablet was associated with only low back (OR=1.28 (1.01-1.63)) 

symptoms (bout length <1 hour as reference group) (Table 3).  

Participating in certain types of activities (i.e. social activities, games, watching videos, 

general use) on smartphone/tablet at baseline was also associated with musculoskeletal 

symptoms at follow-up (see Table 3). Multitasking on smartphone at baseline was found to be 

associated with neck/shoulder (OR=1.66 (1.03-2.66)) and arms symptoms (OR=1.74 (1.10-

2.74)) at one-year follow-up (Table 3). There were no dose-response relationships between 

smartphone/tablet use duration (hours/day) for each type of activities or extent of multitasking 

and musculoskeletal symptoms (Table 3). Changes in MTSD use between baseline and follow-

up were not associated with changes in severity index of symptom (aim 1c), for subgroup 

analysis with participants who used a smartphone (n=1424) or tablet (n=471) at both baseline 
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and follow-up (Table 3). We confirmed similar lack of relationships between changes in MTSD 

use and severity index in those who did use MTSD at baseline but not at follow-up, in those who 

did use at follow-up but not at baseline, and also in different analysis model consisting of MTSD 

use at baseline and follow-up and an interaction term between them. No significant interactions 

were found between baseline MTSD use and baseline symptoms, or baseline MTSD use and 

gender in analyses for musculoskeletal outcomes. 



17 

 

Table 3. Prospective associations between MTSD usage, bout length, types of activities and multitasking (at baseline) and musculoskeletal symptoms in the last 
12 months (at follow-up), and between change in MTSD use duration and change in severity index of symptom last month in various body regions, adjusted for 
baseline symptom, gender, school level, DASS-21, PAQ-A scores and total technology use of other devicesb 
   Dependent variables 
 Smartphone Tablet 
Independent 
variables 

  Presence of musculoskeletal symptoms in last 12 months (at follow-up) 
 Neck/ 

shoulder Upper back Low 
back Arms Wrist/ 

hand 
 Neck/ 

shoulder Upper back Low 
back Arms Wrist/ 

hand 
 N OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) N OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

MTSD usage             

Yesa 1617 1.61* 
(1.06-2.44) 

1.11 
(0.72-1.72) 

1.86* 
(1.10-3.14) 

1.35 
(0.89-2.05) 

1.27 
(0.80-2.00) 1628 1.33* 

(1.04-1.71) 
1.20 

(0.95-1.53) 
1.52** 

(1.18-1.95) 
1.36* 

(1.07-1.73) 
1.22 

(0.95-1.56) 
Use duration  
(hrs/day) 1617 1.02 

(0.98-1.05) 
1.02 

(0.99-1.05) 
1.00 

(0.96-1.03) 
1.03 

(1.00-1.06) 
1.01 

(0.98-1.05) 1628 0.98 
(0.96-1.11) 

0.97 
(0.91-1.03) 

0.94 
(0.88-1.00) 

1.01 
(0.87-1.32) 

1.01 
(0.95-1.08) 

Bout length             

≥ 1 hourc 1566 
1.20* 

(1.01-1.41) 
1.29* 

(1.01-1.64) 
1.01 

(0.79-1.31) 
1.15 

(0.91-1.46) 
1.25 

(0.97-1.61) 1594 
1.15 

(0.91-1.47) 
1.09 

(0.86-1.37) 
1.28* 

(1.01-1.63) 
1.20 

(0.95-1.50) 
1.19 

(0.94-1.50) 
Types of activities             
Homework              

Yesa 1608 1.12 
(0.87-1.43) 

1.02 
(0.80-1.30) 

1.14 
(0.88-1.47) 

1.21 
(0.95-1.53) 

0.93 
(0.72-1.19) 1618 1.20 

(0.90-1.59) 
1.15 

(0.88-1.52) 
1.37 

(0.99-1.83) 
1.06 

(0.81-1.39) 
1.04 

(0.79-1.38) 
Duration 
(hrs/day) 1608 

0.97 
(0.91-1.04) 

1.00 
(0.95-1.07) 

1.02 
(0.96-1.08) 

0.98 
(0.92-1.04) 

0.98  
(0.92-1.04) 1618 

0.92 
(0.78-1.08) 

0.92 
(0.79-1.08) 

0.90 
(0.76-1.06) 

0.92 
(0.79-1.10) 

1.00 
(0.85-1.17) 

Social activities             

Yesa 1598 1.98*** 
(1.43-2.74) 

1.20 
(0.86-1.68) 

1.45 
(1.00-2.11) 

1.94*** 
(1.40-2.69) 

1.19 
(0.84-1.67) 1608 1.28 

(0.96-1.69) 
1.22 

(0.93-1.59) 
1.36* 

(1.03-1.80) 
1.18 

(0.90-1.54) 
1.02 

(0.77-1.34) 
Duration 
(hrs/day) 1598 

1.00 
(0.95-1.04) 

1.00 
(0.96-1.04) 

1.03 
(1.00-1.07) 

1.02 
(0.98-1.06) 

1.02 
(0.98-1.06) 1608 

0.96 
(0.85-1.05) 

0.94 
(0.86-1.03) 

1.00 
(0.91-1.09) 

0.95 
(0.87-1.04) 

1.03 
(0.94-1.13) 

Games             

Yesa 1585 1.06 
(0.81-1.38) 

1.13 
(0.87-1.46) 

1.36* 
(1.03-1.79) 

1.13 
(0.88-1.46) 

1.08 
(0.83-1.40) 1607 1.21 

(0.93-1.57) 
0.98 

(0.76-1.27) 
1.10 

(0.84-1.44) 
1.24 

(0.96-1.60) 
1.06 

(0.81-1.37) 
Duration 
(hrs/day) 1585 1.02 

(0.97-1.08) 
1.05 

(1.00-1.10) 
1.01 

(0.96-1.06) 
1.03 

(0.98-1.08) 
1.03 

(0.98-1.08) 1607 0.95 
(0.87-1.04) 

1.00 
(0.92-1.09) 

1.01 
(0.92-1.11) 

0.97 
(0.82-1.08) 

1.01 
(0.92-1.10) 

Watching videos             

Yesa 1596 1.19 
(0.88-1.61) 

0.97 
(0.72-1.32) 

1.37 
(0.98-1.91) 

1.35* 
(1.01-1.82) 

0.95 
(0.70-1.30) 1615 1.28 

(1.00-1.66) 
1.16 

(0.91-1.49) 
1.30 

(1.00-1.69) 
1.29* 

(1.01-1.65) 
1.22 

(0.95-1.58) 

Duration 
(hrs/day) 1596 

1.00 
(0.94-1.04) 

1.03 
(0.98-1.08) 

1.00 
(0.95-1.04) 

1.00 
(0.95-1.04) 

1.02 
(0.97-1.07) 1615 

0.97 
(0.85-1.02) 

0.98 
(0.92-1.05) 

0.96 
(0.89-1.03) 

1.00 
(0.96-1.05) 

0.98 
(0.92-1.06) 
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General use             

Yesa 1604 1.39*  
(1.08-1.80) 

1.21 
(0.94-1.56) 

1.52** 
(1.15-2.00) 

1.60*** 
(1.24-2.06) 

1.54** 
(1.18-2.01) 1612 1.22 

(0.94-1.60) 
1.19 

(0.92-1.54) 
1.34* 

(1.03-1.77) 
1.10 

(0.85-1.42) 
1.35* 

(1.04-1.75) 
Duration 
(hrs/day) 1604 

1.02 
(0.96-1.08) 

1.04 
(0.99-1.10) 

1.02 
(0.97-1.07) 

1.01 
(0.96-1.06) 

1.00 
(0.94-1.05) 1612 

1.00 
(0.85-1.10) 

1.03 
(0.94-1.14) 

1.00 
(0.90-1.10) 

0.94 
(0.85-1.03) 

0.96 
(0.87-1.06) 

Multitasking             
Yesa 1645 1.66* 

(1.03-2.66) 
1.33 

(0.84-2.12) 
1.49 

(0.90-2.45) 
1.74* 

(1.10-2.74) 
1.42 

(0.88-2.29) 1621 1.15 
(0.73-1.80) 

0.95 
(0.62-1.45) 

1.21 
(0.77-1.88) 

1.34 
(0.88-2.04) 

0.92 
(0.59-1.42) 

Extent of 
multitaskingd 1645 

0.98 
(0.83-1.15) 

0.96 
(0.82-1.12) 

1.01 
(0.86-1.19) 

0.93 
(0.80-1.09) 

0.96 
(0.82-1.12) 1621 

1.03 
(0.84-1.26) 

1.11 
(0.91-1.34) 

1.05 
(0.86-1.29) 

0.92 
(0.76-1.12) 

1.11 
(0.91-1.35) 

  Severity index of symptom last month 
  Neck/ 

shoulder Upper back Low 
back Arms Wrist/ 

hand  Neck/ 
shoulder Upper back Low 

back Arms Wrist/ 
hand 

 N B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) N B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) 
 MTSD use 
duration (hrs/day) 

            

Subgroup onlye 1424 0.09  
(-0.02-0.20) 

0.03  
(-0.07-0.13) 

0.03  
(-0.07-0.13) 

0.07  
(-0.04-0.19) 

0.01  
(-0.09-0.11) 471 0.09  

(-0.18-0.35) 
0.15  

(0.09-0.28) 
0.13  

(-0.10-0.36) 
0.12  

(-0.14-0.38) 
0.09  

(-0.15-0.32) 
aORs obtained from prevalence of smartphone/tablet use, participation in the types of activities and multitasking yes/no (with binary exposure variables); badjustment for total technology use of 
other devices (excluding smartphone) in analysis for smartphone use, and total technology use of other devices (excluding tablet) in analysis for tablet use; cbout length <1 hour used as reference 
group in regression analysis; damong the categories of extent of multitasking (i.e. never; a little, some, or most of the time); eamong participants who used smartphone/tablet at both baseline 
and follow-up;  changes in;  *p<.05, **p<.01 or ***p<.001, significant findings in bold 
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3.4 Prospective associations between mobile touch screen device usage and visual health  

No significant associations were found between baseline smartphone or tablet use 

(yes/no) and presence of visual symptoms, wearing glasses/contact lenses and myopia at one-

year follow-up after adjusting for potential confounders (i.e. baseline values of gender, school 

level, presence of visual health measures, mental health, physical activity and total technology 

use of other devices) (aim 2) (Table 4; unadjusted ORs in Table C.2, Appendix C). There were 

no dose-response relationships between baseline smartphone/tablet use duration (hours/day) and 

visual health outcomes at follow-up. No significant interactions were found between baseline 

MTSD use and baseline visual outcomes, or baseline MTSD use and gender in analyses for 

visual outcomes. 
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Table 4. Prospective associations between MTSD usage (at baseline) and visual health outcomes (at follow-up), adjusted for baseline visual health measures, gender, 
school level, DASS-21, PAQ-A scores and total technology use of other devicesb 

 Dependent variables 
 
 
 
Independent 
variables 

Smartphone Tablet 
Presence of visual health outcomes 

 Presence of  
visual symptoms 

 Wearing glasses/ 
contact lenses 

 Myopia  Presence of 
visual symptoms 

 Wearing glasses/ 
contact lenses 

 Myopia 

N OR (95% CI) N OR (95% CI) N OR (95% CI) N OR (95% CI) N OR (95% CI) N OR (95% CI) 
MTSD usage             

Yesa 1602 1.00 
(0.61-1.62) 1616 1.07 

(0.53-2.16) 1407 0.87 
(0.42-1.81) 1614 1.14 

(0.84-1.55) 1627 0.85 
(0.55-1.30) 1413 0.74 

(0.48-1.15) 
Use duration 
(hrs/day) 1602 1.01 

(0.97-1.05) 1616 0.94  
(0.89-1.00) 1407 0.97 

(0.91-1.03) 1614 1.00 
(0.92-1.08) 1627 1.02 

(0.92-1.13) 1413 0.98 
(0.87-1.10) 

aORs obtained from prevalence of smartphone/tablet use yes/no model; badjustment for total technology use of other devices (excluding smartphone) iin analysis for smartphone use, 
and total technology use of other devices (excluding tablet) in analysis for tablet use 
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4. Discussion 

To the best of our knowledge, this is the first longitudinal study examining prospective 

associations between smartphone and tablet use and musculoskeletal symptoms and visual 

health among adolescents. Baseline smartphone use was associated with one-year follow-up 

neck/shoulder and low back symptoms, and between baseline tablet use and one-year follow-up 

neck/shoulder, low back and arms symptoms. Additionally, patterns of MTSD use at baseline 

i.e. bout length of ≥1 hour, participating in certain types of activities (i.e. social, games, 

watching videos, general use) and multitasking were also associated with one-year follow-up 

musculoskeletal symptoms. However, amongst those using smartphones or tablets, no dose-

response relationships between MTSD use duration (hours/day), use duration (hours/day) of the 

type of activities or extent of multitasking, and musculoskeletal symptoms were found. There 

were also no significant associations between baseline MTSD usage and visual health outcomes 

at follow-up. These findings challenge common perceptions and point to the importance of 

considering the nature of use to understand the link with musculoskeletal symptoms. 

The longitudinal associations between MTSD use versus non-use and neck/shoulder, low 

back and/or arms symptoms found in this study possibly implies a causal relationship. The use 

of smartphone/tablet increased the odds of having musculoskeletal symptoms (OR=1.33 (1.04-

1.71) to 1.86 (1.10-3.14)). This is consistent with previous cross-sectional findings (Kwok et al., 

2017; Shan et al., 2013; Straker et al., 2018) and a recent longitudinal study where prospective 

associations were found between text messaging (on mobile devices including physical keypad 

phones) and maintained neck symptoms in young adults (Gustafsson et al., 2017). These 

associations may be explained by the increased head/neck flexion, non-neutral postures and 

muscle activity in neck/shoulder, low back and/or upper extremities during MTSD use (Toh et 

al., 2017; Xie et al., 2017). Another possible reason might be social factors associated with the 
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lack of MTSD use, such as parental restrictions of not allowing MTSD use or ownership that 

protect non-MTSD users in some way. Whilst the majority of the non-MTSD users were of 

younger age and prevalence of musculoskeletal symptoms is lower in younger adolescents 

(Jeffries et al., 2007), grade (proxy for age) was accounted for in the models.  

It was noted that prospective associations were found between baseline smartphone use 

and follow-up neck/shoulder and low back symptoms, while tablet use was also associated with 

arms symptoms in addition to neck/shoulder and low back symptoms. This might be due to the 

larger screen and heavier weight of a tablet and a preference to place tablet on the lap compared 

to use of a smartphone (Kietrys et al., 2015; Pereira et al., 2013), thereby posing possibly greater 

stress and fatigue at shoulders and arms with tablet use.  

Importantly, despite longitudinal associations found between prevalence of MTSD use 

and musculoskeletal symptoms, no dose-response relationships amongst those who used MTSDs 

were found in this study; greater MTSD use duration (hours/day) at baseline did not predict 

greater risk of having musculoskeletal symptoms at one-year follow-up. While some of the 

cross-sectional studies showed no significant dose-response relationship (Chiang and Liu, 2016; 

Woo et al., 2016), others showed that greater smartphone/tablet use was related to 

musculoskeletal symptoms (Kwok et al., 2017; Shan et al., 2013; Straker et al., 2018). It is 

intriguing that any use of MTSD was related to musculoskeletal symptoms but greater duration 

amongst those using MTSD was not related. This suggests that other aspects of exposure than a 

simple duration, such as patterns of MTSD use (such as bout length, type of activity and 

multitasking), are likely to be important in determining dose-response relationships.  

The current study found typical bout length of ≥1 hour on smartphone/tablet posed a risk 

for having musculoskeletal symptoms, consistent with previous studies on computer use 

(Menéndez et al., 2008; Menendez et al., 2009). This might be due to reduced cumulative stress 
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with shorter bout lengths (Zennaro et al., 2003). Limiting consecutive use to bout lengths of less 

than one hour may therefore help prevent musculoskeletal symptoms.  

Additionally, the current study found that adolescents commonly engaged in playing 

games, social activities (including online messaging) and watching videos on MTSDs, consistent 

with findings from recent survey studies (Cha and Seo, 2018; Kwok et al., 2017; Rideout, 2015; 

Straker et al., 2018). The most common activity was social activities with the highest use 

duration reported. There appears to have been a shift in the importance of the types of activities 

for which adolescents use a MTSD. A consumer survey around a decade ago found adolescents 

in Asia, including Singapore, (where most adolescents at the time used a mobile or cell phone 

with a physical keypad and less functionality), also commonly engaged in social activities such 

as messaging or calling and playing games but that voice call and SMS were more common than 

online instant messaging and social networking (Synovate, 2010).  

Our study findings also showed that certain types of activities − i.e. social, games, videos 

or general use − pose a prospective risk for musculoskeletal symptoms. Social activities may 

involve extensive messaging/texting, hence findings are consistent with previous studies 

showing associations between texting on mobile devices and musculoskeletal symptoms 

(Gustafsson et al., 2017; Xie et al., 2017). Our prospective findings reinforce previous cross-

sectional relationships found for gaming (Chiang and Liu, 2016; Xie et al., 2017), watching 

movies and browsing (Kwok et al., 2017) on mobile devices with musculoskeletal symptoms. 

As with the overall relationship between MTSD use and symptoms, the potential mechanisms 

for the associations between these activities and symptoms could be biomechanical, such as 

increased muscle loading and non-neutral neck/shoulder, low back and upper extremities 

postures from repetitive movements of texting and/or gaming on MTSDs (Kietrys et al., 2015; 

Ning et al., 2015), or psychosocial, such as social anxiety (Caplan, 2007) or negative self-esteem 
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(Barker, 2009) related to use of social activities or internet browsing, or escape motives and 

stress related to gaming (Young, 2009). 

This study also showed that multitasking during smartphone use at baseline was related 

to musculoskeletal symptoms at follow-up, although no dose-response relationships with the 

extent of multitasking were found. Multitasking with other device(s) such as television or 

desktop/laptop computer, or doing other task(s) such as homework, while using a MTSD has 

become prevalent among adolescents (Rideout, 2015; van der Schuur et al., 2015). Previous 

qualitative studies have revealed that some adolescents perceived multitasking to be enjoyable 

(Jago et al., 2011) and was a form of relaxation or break from doing homework (Toh et al., 

2019b). Multitasking during MTSD use might therefore prompt continuous use without rest 

breaks, and predispose to increased biomechanical stress and musculoskeletal symptoms. 

Another possible reason might be the adverse psychosocial outcomes, e.g. depression and social 

anxiety (Becker et al., 2013) that have been linked with multitasking in adolescents, thereby 

predisposing them to musculoskeletal symptoms, although our analysis was adjusted for 

depression, anxiety and stress symptoms. This study has shown that multitasking during MTSD 

use may have implications for increased risk for musculoskeletal symptoms in adolescents, but 

the nature of multitasking and potential mechanisms of how it may impact on musculoskeletal 

health are yet to be elucidated.  

Whilst the location of musculoskeletal symptoms associated with various measures of 

exposure was usually consistent, occasionally there were differences. For example, bout length 

of ≥1 hour of smartphone use was associated with neck/shoulder and upper back symptoms, 

while multitasking on a smartphone was associated with neck/shoulder and arms symptoms. 

These differences may be chance findings or due to the different interactions between each type 
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of exposure with musculoskeletal symptoms at each body region, further highlighting the 

complex nature of MTSD use and its relationships with musculoskeletal symptoms. 

Nonetheless, although this study did not show any dose-response relationship amongst 

MTSD users, smartphone or tablet use versus non-use still showed substantial effect sizes for an 

increased risk for musculoskeletal symptoms. Greater use in the longer term may increase long-

term risk due to accumulated exposure. Thus future studies should examine MTSD use and 

symptoms with a longer follow-up period, ideally into adulthood, and also consider lifetime 

MTSD exposure or use prior to baseline measure. 

Regarding visual health outcomes, no longitudinal associations were found between 

baseline MTSD usage and one-year follow-up presence of visual symptoms, wearing 

glasses/contact lenses and myopia among adolescents in this study. This finding is in contrast to 

recent cross-sectional studies showing positive associations of greater amount of MTSD use 

with visual symptoms (Kim et al., 2016; Straker et al., 2018), but in concurrence with recent 

studies suggesting that technology use alone seems to be of minimal risk for myopia, whilst less 

time spent outdoors is related to developing myopia and myopic progression (Xiong et al., 

2017). Lifetime use, however, may be more relevant (Kim et al., 2016; Kucer, 2008). These 

adolescents may have developed habits of use, such as using blue light filters or reducing screen 

brightness to help them avoid visual symptoms. Unlike desktop computers, MTSDs may also be 

used outdoors due to their portability, which may reduce the occurrence of confounding. 

4.1 Implications for wise use 

Our findings showed that the prevalence of MTSD use was associated with 

musculoskeletal symptoms, suggesting that it may be best to simply not use MTSDs to reduce 

risk of symptoms. However, it may not be feasible for adolescents to refrain from using MTSDs 
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given the importance of such technology in participating in the current digitally enmeshed 

society. This is likely to be even more so in the future, given that the use of MTSDs is 

anticipated to increase and integrate further into adolescents’ daily routines and functions 

(eMarketer, 2016; Rideout, 2015; Rideout, 2016). Moreover, a recent study found that 

adolescents who did not engage in any screen technology use, including smartphones, had 

poorer psychological well-being than those who used moderately or purposefully (Twenge et al., 

2018), suggesting that patterns and contents of MTSD use may be more important in mediating 

the risk for musculoskeletal symptoms than abstinence. This is also supported by our findings 

showing prospective associations of patterns of MTSD use with musculoskeletal symptoms.  

Guidelines for wise use should hence target patterns of use too. Our findings showed that 

bout lengths of ≥1 hour MTSD use posed a risk for prospective musculoskeletal symptoms. 

This suggests that adolescents should avoid using MTSDs for prolonged periods, and make 

efforts to engage in short periods of <1 hour each time to reduce the risk of musculoskeletal 

symptoms. They should also be more aware of their usage when engaging in leisure or social 

activities on MTSDs, as participating in: social, games, videos and general use (including 

internet browsing) showed associations with musculoskeletal symptoms, whereas homework did 

not. Multitasking during MTSD use should be avoided if possible, as it also showed association 

with symptoms.  

4.2 Strengths and limitations  

A major strength of this study is that it is the first longitudinal study on associations 

between MTSD use and musculoskeletal symptoms and visual health outcomes among 

adolescents, using a large representative sample with high follow-up. This study also adopted 

detailed measures of MTSD use across the whole week, by obtaining use separately for 
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weekdays and weekend days, and frequency and duration of use across a large range. Moreover, 

patterns of MTSD use, not just total amount of use, were also examined. We have also adjusted 

for confounding factors known to influence musculoskeletal symptoms, i.e. gender, grade, 

mental health, physical activity and total technology use of other devices.  

Some of the limitations in this study include self-reported measures (which might 

introduce recall bias and inaccuracy), some bias linked with attrition and the lack of multiple 

time point measures of symptoms which may occur episodically. MTSD lifetime exposure or 

use prior to baseline measures was not measured in this study and cumulative exposure may 

pose more of a risk for symptoms (Kim et al., 2016; Kucer, 2008). The group of adolescents 

who were lost to follow-up had significantly higher smartphone use duration and prevalence of 

musculoskeletal symptoms; however, their omission likely made the findings more conservative. 

Further, there was a low risk of bias as adolescents who were lost to follow-up did not 

intentionally drop out of the study but were absent due to valid reasons (Figure 1).  

4.3 Conclusions  

Prospective longitudinal associations were found between MTSD use and 

musculoskeletal symptoms, as well as between patterns of MTSD use (i.e. bout length ≥1 hour, 

participating in certain types of activities, multitasking) and musculoskeletal symptoms among 

adolescents after adjusting for confounders. However, amongst those using MTSDs, there were 

no dose-response relationships between MTSD use duration, use duration of the type of 

activities or extent of multitasking, and musculoskeletal symptoms. The results imply that 

MTSD use (though not the duration of use) and patterns of MTSD use can pose a prospective 

risk for musculoskeletal symptoms. No longitudinal associations were found between MTSD 

use and visual health outcomes. The study results are generalizable to adolescents in Singapore, 

but cultural and other differences across countries suggest normal caution should be used to 
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generalize to other countries or communities. Whilst the findings point to potential risk 

reduction strategies around reducing bout length and multitasking, they also highlight the 

complex nature of the MTSD use and its likely associations with musculoskeletal symptoms. 

Further research on the patterns of use, with longer follow-up on the longitudinal associations, 

and the exact mechanisms behind these associations will help inform detailed guidelines for 

wise use of MTSDs.  
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Appendix A 

Table A.1. Minutes per day (median (IQR)) of MTSD usage and patterns of MTSD use at baseline and follow-up 
Independent  
variables 

Smartphone Tablet 
Baseline Follow-up Baseline Follow-up 

MTSD usage     
Use duration  
(median (IQR)) 180 (51-420) 214 (86-420) 2 (0-39) 0 (0-17) 

Bout length  
(median (IQR)  120 (30-300) 120 (30-240) 15 (0-60) 5 (0-60) 

Types of activities  
Homework 

    

Duration  
(median (IQR)) 11 (0-51) 15 (0-60) 0 (0-2) 0 (0-0) 

Social activities     
Duration  
(median (IQR) 60 (11-197) 60 (17-197) 0 (0-3) 0 (0-0) 

 Games     
Duration  
(median (IQR) 26 (0-87) 26 (0-77) 0 (0-15) 0 (0-0) 

Watching videos     
Duration  
(median (IQR) 60 (11-176) 77 (28-180) 0 (0-26) 0 (0-7) 

General use     
Duration  
(median (IQR) 15 (0-60) 30 (1-77) 0 (0-4) 0 (0-0) 
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Appendix B 

Table B.1. Change in severity index of musculoskeletal symptoms from baseline to follow-up 
 Smartphone Tablet 
Musculoskeletal 
symptoms 

Neck/ 
shoulder 

Upper 
back 

Low 
back Arms Wrist/ 

hand 
Neck/ 

shoulder 
Upper 
back 

Low 
back Arms Wrist/ 

hand 
 Severity index  
(mean (SD)) 

          

Subgroup onlya  +0.9 (7.6) +0.6 (7.1) +0.6 (6.9) +0.8 (8.0) +0.3 (7.1) +0.8 (8.0) +0.7 (7.1) +0.8 (7.0) +0.7 (7.8) +0.4 (7.1) 
 changes in; aamong participants who used smartphone/tablet at both baseline and follow-up 
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Appendix C 
Table C.1. Unadjusted prospective associations between MTSD usage, bout length, types of activities and multitasking (at baseline) and 
musculoskeletal symptoms in the last 12 months (at follow-up) 
 Smartphone Tablet 

 Musculoskeletal symptoms in last 12 months (at follow-up) 
Neck/ 

shoulder 
Upper 
back 

Low 
back Arms Wrist/ 

hand 
Neck/ 

shoulder 
Upper 
back 

Low 
back Arms Wrist/ 

hand 
MTSD usage OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Yesa 1.68** 
(1.15-2.46) 

1.37  
(0.92-1.04) 

2.24** 
(1.39-3.62) 

1.51* 
(1.03-2.22) 

1.35 
(0.89-2.04) 

1.03 
(0.83-1.29) 

0.97 
(0.78-1.20) 

1.08 
(0.86-1.34) 

1.09 
(0.88-1.36) 

1.12 
(0.90-1.40) 

Use duration  
(hrs/day) 

1.07*** 
(1.04-1.10) 

1.06*** 
(1.04-1.09) 

1.05*** 
(1.03-1.08) 

1.06*** 
(1.03-1.09) 

1.04** 
(1.01-1.07) 

0.97 
(0.92-1.03) 

1.00 
(0.95-1.05) 

0.98 
(0.93-1.04) 

0.95 
(0.90-1.00) 

1.02 
(0.97-1.07) 

Bout length           

≥ 1 hour 1.38** 
(1.11-1.72) 

1.47** 
(1.18-1.83) 

1.14 
(0.91-1.43) 

1.40** 
(1.13-1.74) 

1.33* 
(1.06-1.67) 

1.13 
(0.92-1.40) 

1.11 
(0.90-1.36) 

1.31* 
(1.05-1.65) 

1.22 
(1.00-1.50) 

1.20 
(0.98-1.48) 

Types of 
activities 

          

Homework  
Yesa 

1.39** 
(1.12-1.74) 

1.26* 
(1.02-1.57) 

1.49*** 
(1.19-1.86) 

1.38** 
(1.11-1.70) 

1.06 
(0.85-1.32) 

0.94 
(0.73-1.20) 

0.93 
(0.73-1.19) 

0.94 
(0.73-1.20) 

0.89 
(0.70-1.13) 

0.96 
(0.75-1.23) 

Duration 
(hrs/day) 

1.01 
(0.96-1.07) 

1.03 
(0.98-1.08) 

1.04 
(0.99-1.10) 

1.00 
(0.95-1.06) 

1.01 
(0.96-1.07) 

1.03 
(0.91-1.18) 

1.01 
(0.89-1.14) 

1.05 
(0.93-1.19) 

0.94 
(0.83-1.07) 

1.06 
(0.94-1.20) 

Social activities 
Yesa 

2.44*** 
(1.83-3.25) 

1.60** 
(1.19-2.15) 

2.09*** 
(1.50-2.91) 

2.12*** 
(1.59-2.84) 

1.40* 
(1.04-1.90) 

1.10 
(0.86-1.41) 

1.08 
(0.85-1.38) 

1.12 
(0.87-1.43) 

1.08 
(0.85-1.38) 

0.98 
(0.76-1.25) 

Duration 
(hrs/day) 

1.05** 
(1.02-1.09) 

1.05** 
(1.01-1.08) 

1.06*** 
(1.03-1.10) 

1.03* 
(1.00-1.07) 

1.04* 
(1.00-1.07) 

0.99 
(0.92-1.07) 

1.01 
(0.94-1.09) 

1.03 
(0.96-1.11) 

1.00 
(0.93-1.08) 

1.06 
(0.98-1.14) 

Games 
Yesa 

1.03 
(0.81-1.31) 

1.11 
(0.88-1.41) 

1.23 
(0.97-1.57) 

1.16 
(0.92-1.46) 

1.07 
(0.84-1.36) 

0.90 
(0.72-1.13) 

0.94 
(0.71-1.16) 

0.80 
(0.63-1.01) 

0.99 
(0.80-1.24) 

0.98 
(0.78-1.23) 

Duration 
(hrs/day) 

1.03 
(0.98-1.07) 

1.06** 
(1.02-1.11) 

1.02 
(0.98-1.06) 

1.03 
(0.99-1.08) 

1.03 
(0.99-1.07) 

0.98 
(0.91-1.05) 

1.03 
(0.96-1.10) 

1.02 
(0.95-1.10) 

0.96 
(0.90-1.03) 

1.00 
(0.93-1.08) 

Watching videos 
Yesa 

1.48** 
(1.12-1.94) 

1.13 
(0.86-1.48) 

1.77*** 
(1.32-2.38) 

1.50** 
(1.14-1.96) 

1.06 
(0.80-1.40) 

1.02 
(0.81-1.28) 

0.97 
(0.78-1.21) 

0.97 
(0.78-1.22) 

1.09 
(0.88-1.36) 

1.09 
(0.87-1.37) 

Duration 
(hrs/day) 

1.04 
(1.00-1.08) 

1.06** 
(1.02-1.10) 

1.02 
(0.98-1.06) 

1.03 
(0.99-1.07) 

1.04* 
(1.01-1.08) 

0.98 
(0.92-1.04) 

1.02 
(0.96-1.08) 

1.01 
(0.96-1.07) 

0.96 
(0.91-1.02) 

1.01 
(0.95-1.07) 

General use 
Yesa 

1.78*** 
(1.41-2.23) 

1.59*** 
(1.26-2.00) 

2.15*** 
(1.68-2.75) 

1.89*** 
(1.51-2.37) 

1.71*** 
(1.35-2.17) 

1.05 
(0.82-1.33) 

1.06 
(0.84-1.34) 

1.11 
(0.87-1.40) 

0.97 
(0.77-1.21) 

1.24 
(0.98-1.57) 

Duration 
(hrs/day) 

1.05 
(1.00-1.10) 

1.06* 
(1.01-1.10) 

1.02 
(0.98-1.07) 

1.02 
(0.98-1.07) 

1.01 
(0.97-1.06) 

1.03 
(0.95-1.12) 

1.05 
(0.98-1.14) 

1.04 
(0.96-1.12) 

1.02 
(0.94-1.10) 

1.01 
(0.93-1.09) 

Multitasking           
Yesa 1.93** 

(1.25-2.99) 
1.50 

(0.98-2.31) 
1.74* 

(1.10-2.73) 
1.73* 

(1.13-2.64) 
1.36 

(0.88-2.11) 
1.17 

(0.78-1.75) 
1.00 

(0.68-1.48) 
1.06 

(0.71-1.58) 
1.22 

(0.83-1.79) 
0.92 

(0.62-1.38) 
Extent of 
multitaskingb 

1.05 
(0.90-1.21) 

1.04 
(0.90-1.19) 

1.08 
(0.94-1.25) 

1.052 
(0.91-1.21) 

1.05 
(0.91-1.21) 

1.02 
(0.85-1.22) 

1.07 
(0.90-1.27) 

1.08 
(0.90-1.29) 

0.97 
(0.81-1.15) 

1.11 
(0.93-1.33) 

aORs obtained from prevalence of smartphone/tablet use, participation in the types of activities and multitasking yes/no (with binary exposure variables); bamong the 
categories of extent of multitasking (i.e. never; a little, some, or most of the time); *p<.05, **p<.01 or ***p<.001, significant findings in bold  
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Appendix C 

Table C.2. Unadjusted prospective associations between MTSD usage (at baseline) and visual health outcomes (at follow-up) 
 Smartphone Tablet 

Visual health outcomes 
Presence of 

visual symptoms 
Wearing 

glasses/contact lenses Myopia Presence of 
visual symptoms 

Wearing 
glasses/contact lenses Myopia 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
MTSD usage       

Yesa 1.09 
(0.70-1.70) 

1.53* 
(1.04-2.25) 

1.44 
(0.97-2.12) 

1.07 
(0.82-1.39) 

0.89 
(0.71-1.11) 

0.85 
(0.68-1.07) 

Use duration 
(hrs/day) 

1.05** 
(1.01-1.09) 

0.99 
(0.96-1.01) 

0.99 
(0.96-1.01) 

1.00 
(0.93-1.06) 

0.95 
(0.90-1.00) 

0.95 
(0.90-1.00) 

aORs obtained from prevalence of smartphone/tablet use yes/no model; *p<.05, **p<.01 or ***p<.001, significant findings in bold 
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