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Abstract

Aim: Wearable devices have the potential to promote healthy behaviors, yet evidence on their effectiveness in
pediatric populations remains scarce. This study aims to investigate the association between wearable device
usage and the transition to obesity among Chinese children and adolescents, addressing critical gaps in evidence
regarding optimal usage patterns and subgroup variations for obesity prevention.

Methods: Using longitudinal data from the 2019-2020 National Student Physical Health Survey (n = 5,006), this
study examined associations between wearable device/mobile app usage frequency (categorized as frequent,
sometimes, occasional, rare, or never use) and obesity transition among children and adolescents aged 9-18.
Multivariable logistic regression models adjusted for demographics were employed, with subgroup analyses
stratified by age, sex, and residence.
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Results: Compared to frequent users, rare/never users showed a tendency toward higher risks of transitioning to
obesity [odds ratio (OR) = 1.50, 95% confidence interval (Cl): 1.04-2.18, P = 0.030]. Sometimes users had the
lowest risk of physical inactivity (OR = 0.61, 95%Cl: 0.51-0.73, P < 0.001), whereas never users demonstrated a
higher risk of prolonged sedentary behavior (OR =1.36, 95%Cl: 1.11-1.67, P = 0.003). Subgroup analyses revealed
stronger associations in rural areas (OR = 2.99, 95%Cl: 1.23-7.25, P = 0.016 for overweight transition in occasional
users) and boys (OR =1.96, 95%Cl: 1.05-3.68, P = 0.035 for overweight transition in rarely users).

Conclusion: Moderate, rather than frequent, use of wearable devices may optimally mitigate obesity risk in
children, potentially avoiding technology fatigue from overuse. Rural-urban and gender disparities highlight the
need for context-specific interventions. Wearable device use may mitigate pediatric obesity risk primarily by
reducing sedentary behavior and increasing physical activity time, with optimal benefits at moderate usage
frequency. These findings emphasize prioritizing usage quality over device adoption rates in public health
strategies.

Keywords: Wearable devices, obesity, physical activity, sedentary behavior, behavioral mediation

INTRODUCTION

In recent years, childhood and adolescent obesity (OB) has emerged as a critical global public health
challenge. The prevalence of overweight (OW) and obesity among children and adolescents aged 5-19 years
has increased nearly tenfold over the past four decades globally". This trend is particularly pronounced in
China, where the overweight and obesity rates among 7-18-year-olds reached 24.2% by 2019, reflecting a
significant rise compared to data from the previous decade!™”. Obesity not only elevates the risk of
cardiovascular diseases, type 2 diabetes, and other chronic conditions but also exerts profound impacts on
mental health and social adaptation in adolescents*>?. Addressing this pressing issue necessitates the

development of effective obesity intervention strategies, which remain a priority in public health research.

The rapid advancement of digital health technologies has introduced wearable devices as a novel approach
to obesity prevention and control. Devices such as smartwatches and fitness trackers enable real-time
monitoring of key health metrics, including physical activity, sleep quality, and heart rate, while promoting
sustained health behaviors through data feedback mechanisms”*’. Existing studies demonstrate that
wearable devices significantly enhance exercise adherence and weight management outcomes in adult
populations"*"'. However, research focusing on children and adolescents remains limited, with most
evidence derived from small-scale studies or short-term interventions, lacking robust longitudinal data from
nationally representative samples. This gap hinders a comprehensive understanding of the potential role of
wearable devices in mitigating pediatric obesity.

Current research often relies on geographically restricted or homogeneous cohorts, limiting the
generalizability of findings. Moreover, the predominance of cross-sectional designs impedes reliable causal
inference. Furthermore, the mechanisms underlying the effects of wearable devices, such as whether they
reduce obesity risk by increasing physical activity, reducing sedentary time, or improving sleep quality,
remain inadequately explored. These knowledge gaps underscore the need for nationwide longitudinal
studies to systematically evaluate the relationship between wearable device usage and obesity transition in
children and adolescents, as well as its potential mediating pathways.
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Leveraging large-scale data from the 2019-2020 Chinese National Survey on Students’ Constitution and
Health (CNSSCH), this longitudinal study aims to investigate the dynamic association between wearable
device usage and obesity development in children and adolescents. The study addresses three core
questions: (1) whether obesity transition rates differ significantly among device users; (2) whether device
usage influences obesity development through modifications in health behaviors, such as increased physical
activity or reduced sedentary time; and (3) whether these associations vary by age, gender, or residential
location (urban vs. rural). By addressing these questions, this research provides critical empirical evidence to
advance the understanding of digital health technologies in pediatric health promotion.

METHODS

Study design and participants

This longitudinal analysis used baseline data (2019) from the CNSSCH"?. A stratified random sampling
approach selected eight provinces (Shanghai, Fujian, Shanxi, Henan, Hunan, Gansu, Chongqing, Guangxi)
representing eastern, central, and western regions for follow-up assessment in November 2020. From the
initial baseline cohort of 14,532 adolescents aged 9-18 years [Figure 1], 9,814 age-eligible participants were
retained for descriptive statistics. Final analytical samples comprised 5,006 respondents meeting complete
questionnaire criteria (aged 9-18 years), excluding younger children (6-8 years), lacking survey
participation, and older participants with critical data deficiencies (e.g., physical activity metrics). The
protocol received ethics committee approval from Peking University Health Science Center (IRB00001052-
18002, IRB00001052-21001), with written informed consent obtained from all participants and legal
guardians.

Anthropometric overweight (OW) and obesity (OB) measurements and transition

Certified staff conducted anthropometric assessments using standardized protocols, with participants
barefoot in light clothing. Height and weight were measured to 0.1 cm and 0.1 kg precision, respectively.
The body mass index (BMI) derived from weight(kg)/height(m)* informed obesity status classification
according to China’s National Health Commission age- and gender-specific percentiles"”: overweight (OW)
> 85th percentile, obesity (OB) 2 95th percentile. Overweight transition was operationalized as progression
from baseline normal weight, thinness status, to OW during follow-up. Obesity transition was
operationalized as progression from baseline normal weight, thinness, or OW status to OB during follow-

up.

Wearable devices usage assessment

The frequency of wearable device usage was assessed through a structured question: “How often do you use
wearable devices (e.g., smartwatches, fitness trackers)?” As the questionnaire aggregated these two
modalities, they were analyzed together as a single exposure variable in the present study. Participants
selected from five predefined response options: “Frequently”, “Sometimes”, “
“Never”. Responses were subsequently coded as an ordinal variable (1-5) for analytical purposes. These
terms reflected perceived frequency rather than quantifiable usage. To ensure consistency, pilot testing
confirmed participants’ clear understanding of both the device scope (limited to movement-sensing
wearables) and temporal definitions before nationwide implementation. While both tools target physical
activity monitoring, their behavioral mechanisms differ. Aggregating these two modalities in the exposure
variable may dilute modality-specific effects.

» o«

Occasionally”, “Rarely”, and

Questionnaire survey

Certified field staff distributed structured paper questionnaires to participants aged 9-18 years during
regular school hours. Utilizing a self-administered format with researcher oversight for clarification needs,
the instrument systematically captured: Sociodemographic profiles: age, gender, residential location, grade
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Participants in 2019 cycle of the

CNSSCH
(n=14532)
Excluded (n= 3488)
Lost to follow-up
\4
Participants with follow-up in
2020 cycle of the CNSSCH
(n=11044)
Excluded (n= 1230)
Missing data of height
or weight
v -2019 (n= 719)
-2020 (n= 511)
Included in analysis for obesity
transition
(n=9814)
‘ Excluded (n= 4808)
Without available
l questionnaire
Included in analysis for wearable
devices utilization
(n=5006)

Figure 1. Flow diagram of participant selection for the longitudinal analysis of wearable device usage and obesity transition in Chinese
children and adolescents. CNSSCH: Chinese National Survey on Students’ Constitution and Health.

level, singleton status, and parental educational attainment. Health-related behaviors: frequency of sugar-
sweetened beverage consumption, daily sleep patterns, and physical activity engagement. According to the
World Health Organization (WHO) Guidelines on Physical Activity for Children and Adolescents, which
recommend that children and adolescents aged 5-17 years accumulate at least 60 min of moderate-to-
vigorous physical activity (MVPA) daily. Our study used “z 1 h” to align with this guideline, as MVPA is the
primary component of physical activity associated with obesity prevention. Based on the prior
epidemiological studies using the 8-h threshold for sedentary time, which note that sedentary time
exceeding 8 h per day is associated with an increased risk of obesity"”. Psychometric evaluation confirmed
moderate reliability (Cronbach’s a = 0.76) for institutional-level measures within the survey framework!*.
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Statistical analysis

Missing values were imputed using hot-deck imputation”, where each missing case was matched to a
donor with similar age, sex, and residential location. This method was selected due to the low proportion of
missing data and the categorical nature of key covariates, which made multiple imputation less efficient and
unnecessary for bias reduction in this context. Categorical variations by sex and residence were evaluated
via y* tests, whereas age-dependent trends were evaluated using Mantel-Haenszel linear trend analysis.
Multilevel logistic regression models estimated adjusted odds ratios (ORs) with 95% confidence intervals
(CIs) for behavioral predictors of overweight/obesity incidence and transitions, incorporating province-
level random intercepts to accommodate hierarchical data structures. Fixed effects adjustments included
demographic (age, sex, urban/rural residence, singleton status), dietary (breakfast frequency, sugar-
sweetened beverage consumption), and socioeconomic covariates (parental education), with
multicollinearity excluded through variance inflation factor verification [all variance inflation factor (VIF) <
5]. Analyses were executed in Statistical Package for the Social Sciences (SPSS) 26.0 and R 4.2.2 using two-
tailed significance thresholds (o = 0.05). Sensitivity testing redefined OW/OB using International Obesity
Task Force (IOTF) pediatric criteria"®, a global reference standard, to confirm findings consistency, and the
relevant results are provided in the supplementary materials [Supplementary Figure 1].

RESULTS

Association between wearable device usage and risk of obesity transition during the follow-up

Table 1 presents the distribution of wearable device usage and characteristics of the study population
stratified by gender groups in the 2019-2020 follow-up study. A total of 5,006 participants were included,
with 2,501 boys and 2,505 girls. The incidence of overweight and obesity was higher in boys than in girls
(overweight: 17.3% vs. 11.3%; obesity: 12.2% vs. 10.5%), with significant differences (P < 0.001). The
transition to overweight and obesity also had gender-related variations, with higher proportions in boys.
Supplementary Table 1 summarizes baseline and transition characteristics stratified by wearable device
usage frequency. For wearable device usage, boys were more likely to use them frequently (13.6%) compared
to girls (11.0%), while girls had a higher proportion of never using wearable devices (34.8% vs. 38.8% in
boys), and these differences were significant (P < 0.001).

In crude models, compared to frequent users, occasional and sometimes users exhibited the lowest risks of
transitioning to overweight and obesity, while both rare and never users showed elevated risks [Figure 2].

After adjusting for age, sex, urban/rural residence, and baseline BMI, the dose-response relationship became
more pronounced: the adjusted OR for transitioning to overweight increased progressively with reduced
usage frequency. Specifically, occasionally users (OR = 1.61, 95%CI: 1.00-2.58, P = 0.050), rare users (OR =
1.55, 95%CI: 0.95-2.51, P = 0.077), and never users (OR = 1.56, 95%CI: 0.99-2.46, P = 0.058) showed
numerically elevated risks compared to frequent users, but these associations did not reach conventional
statistical significance. Similarly, for transitioning to obesity, rarely users exhibited a significantly higher risk
(OR = 1.50, 95%CI: 1.04-2.18, P = 0.030), while never users demonstrated a borderline trend (OR = 1.39,
95%CI: 0.98-1.98, P = 0.066) that was not statistically significant. Collectively, this trend indicates a
nonlinear, U-shaped dose-response relationship, suggesting that moderate usage (sometimes/occasional)
provides the most protective effect.

Association of wearable device usage with obesity transition across subgroups

We further explored the heterogeneity in the association between wearable device/mobile fitness app usage
frequency and obesity transition risks through subgroup analyses [Figure 3]. Stratified by age, the ORs for
transitioning to overweight or obesity across usage frequency categories showed no statistical significance in
either the 9-12-year or 13-18-year age groups, though the OR trends aligned with the primary analysis,
suggesting a potential link between low-frequency usage and elevated risk.
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Variables Total Boys Girls P value
(n =5,006) (n=2,501) (n=2,505)
Residence <0.001
Urban 2,754 (55.0) 1,321(52.8) 1,433 (57.2)
Rural 2,252 (45.0) 1,180 (47.2) 1,072 (42.8)
Incidence <0.001
Overweight 723 (14.4) 438 (17.5) 285 (11.4)
Obesity 573 (11.4) 309 (12.4) 264 (10.5)
Transition <0.001
Overweight 309 (6.2) 172 (6.9) 137 (5.5)
Obesity 508 (10.1) 267 (10.7) 241(9.6)
Wearable devices utilization 0.183
Frequently 625 (12.5) 345 (13.8) 280 (11.2)
Sometimes 725 (14.5) 337(13.4) 388 (15.5)
Occasionally 767 (15.3) 371(14.8) 396 (15.8)
Rarely 1,019 (20.4) 461(18.5) 558 (22.3)
Never 1,870 (37.3 987 (39.5) 883(35.2)
PA time 0.007
<1h 2,721(54.4) 1,301(52.0) 1,405 (56.2)
21h 2,285 (45.6) 1,200 (48.0) 1,100 (43.8)
Sedentary behavior 0.623
<8h 3,211 (64.1) 1,597 (63.9) 1,610 (64.3)
>8h 1,795 (35.9) 904 (36.1) 895 (35.7)
Weekday outdoor time (min), 208.31+320.56 219.28 + 346.34 197.31+292.09 0.019
Mean + SD
Weekend outdoor time (min), 106.65+147.19 115.54 £155.23 97.71+£138.10 <0.001
Mean + SD
Weekday sedentary time (min), 43.49 +20.56 43.47+21.01 43.51+20.11 0.805
Mean + SD
Weekend sedentary time (min), 22.06+8.74 22.01+8.63 22.02+8.04 0.762
Mean + SD
Single-child status <0.001
only child 1,763 (35.2) 970 (38.8) 791(31.6)
Not only child 3,243 (64.8) 1,531(61.2) 1,714 (68.4)
Breakfast frequency 0.264
Eat breakfast every day 3,865 (77.2) 1,947 (77.8) 1,913 (76.4)
Do not eat breakfast every day 1,151(22.8) 554 (22.2) 592 (23.6)
Sugar-sweetened beverage intake <0.001
Drink 3,935(78.6) 2,031(81.2) 1,900 (75.8)
Do not drink 1,071(21.4) 470 (18.8) 605 (24.2)
Sleeping duration 0.012
28h 3,200 (63.9) 1,647 (65.9) 1,562 (62.4)
<8h 1,806 (36.1) 854 (34.1) 943 (37.6)
Maternal education level 0.630
Primary school 746 (14.9) 363 (14.5) 386 (15.4)
Junior or senior high school 3,080 (61.5) 1,548 (61.9) 1,532 (61.2)
College degree or above 1,180 (23.6) 590 (23.6) 587 (23.4)
Paternal education level 0.603
Primary school 504 (10.1) 251(10.D) 253 (10.D
Junior or senior high school 3,201 (63.9) 1,619 (64.7) 1,582 (63.2)
College degree or above 1,301 (26.0) 631(25.2) 670 (26.7)

Bolded P values denote statistically significant differences. PA: Physical activity; SD: standard deviation; Cl: confidence interval.
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Panel A: Crude model

Using Wearable Device/ Transition to Transition to
! OR (95% CI P-value Ny OR (95% CI P-val
Mobile Fitness Applications Overweight (95% C1) Obesity (95%Cl)  P-value
Frequently y Ref. f Ref.
Sometimes ——— 1.24 (0.82, 1.89) 0.315 —— 1.02 (0.74, 1.41) 0.912
Occasionally ——— 150 (0.94,2.40) 0.089 —— 1.16 (0.80, 1.68) 0.423
Rarely —— 1.44 (0.89, 2.31) 0.136 —— 1.39 (0.97,1.99) 0.076
Never ———  1.44(0.92,2.25) 0.113 - 1.24 (0.88, 1.74) 0.230
T 17 T 11 T 1T T 711
01 11522583 01 1152253
Lower risk Higher risk Lower risk Higher risk
Panel B: Adjusted model
Using Wearable Device/ Transition to Transition to
. OR (95% CI P-val ) OR (95% CI P-val
Mobile Fitness Applications Overweight (95% Cl) valie " obesity (5%cl)  P-value
Frequently ¢ Ref. ¢ Ref.
Sometimes ——— 1.27 (0.82, 1.95) 0.286 —— 1.04 (0.75, 1.46) 0.802
Occasionally E— — 1.61(1.00, 2.58) 0.050 ﬂ:- — 1.21 (0.83, 1.76) 0.314
Rarely +—o——  1.55(0.95,251) 0.077 —— 1.50 (1.04, 2.18) 0.030
Never ——— 156 (0.99,2.46) 0.058 -— 1.39 (0.98, 1.98) 0.066
T T T 11 [ N I N
01 1152253 01 1152253
Lower risk Higher risk Lower risk Higher risk

Figure 2. Association Between wearable devices usage and obesity transition in 2019-2020 follow-up study. Adjusted for age, sex,
residence, single-child status, breakfast frequency, sugar-sweetened beverage intake, sleeping duration, and parental education level.
OR: Odds ratios; Cl: confidence interval.

Sex-stratified analyses revealed that boys in the rare-use group had significantly higher risks of transitioning
to overweight (OR = 1.96, 95%CI: 1.05-3.68, P = 0.035) and obesity (OR = 1.62, 95%CI: 1.01-2.60, P = 0.045),
whereas girls exhibited a significant association only in the occasional-use group for obesity transition (OR
=1.84, 95%Cl: 1.00-3.38, P = 0.049).

Residence-stratified results demonstrated that rural participants in the occasional-use (OR = 2.99, 95%CI:
1.23-7.25, P = 0.016) and rare-use (OR = 2.55, 95%CI: 1.07-6.08, P = 0.034) groups had significantly elevated
risks of transitioning to overweight compared to frequent users, while no significant associations were
observed in urban areas. These findings indicate gender and residence-specific disparities in the relationship
between wearable device usage frequency and obesity transition. While subgroup analyses suggest higher
risks in rural children and boys when device usage is low, this does not imply that frequent use always
confers greater benefit. Instead, it highlights stronger sensitivity to device engagement in these subgroups,
potentially due to contextual factors such as limited access to alternative health resources or gender-related
behavioral responses.
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Transition to

Transition to

Mobile Fitness Applications Overweight OR (95% CI) P-value Obesity OR (95% CI) P-value
9~12 : NA NA ! NA NA
Frequently : NA NA : NA NA
Never —+——— 1.60 (0.86,2.96) 0.139  —— 1.02 (0.65, 1.60) 0.923
Sometimes ————— 1.43(0.69, 2.96) 0.338 ~o——  1.38(0.83,2.29) 0.211
Occasionally ~———>174(0.84,361) 0.135 ——s—— 163(0.98,272) 0.062
Rarely +———> 1.81(0.91, 3.61) 0.093 ———  1.59(0.97,2.60) 0.069
13~18 : NA NA E NA NA
Frequently NA NA NA NA
Never — 1.04 (0.56,1.92) 0.905  —p— 1.06 (0.64, 1.75) 0.828
Sometimes ———> 186 (0.98,352) 0.057 —— 1.02 (0.58, 1.79) 0.957
Occasionally —+——— 150(0.78,2.89) 0224  ————  136(0.79,2.34) 0.269
Rarely ————— 146(0.79,2.71) 0226  —o— 1.22(0.73,2.04) 0.454
Boys E NA NA E NA NA
Frequently ' Ref. NA f Ref. NA
Never 4——— 148(0.82,266) 0191 —o 0.81(0.52, 1.26) 0.346
Sometimes ———— 1.44(0.74,2.82) 0288 —i— 0.99 (0.59, 1.65) 0.960
Occasionally +————>165(0.84,323) 0144  ————  1.31(0.79,217) 0.289
Rarely ——+——> 1.96 (1.05,3.68) 0.035 —s—— 1.62(1.01,260) 0.045
Girls : NA NA : NA NA
Frequently Ref. NA , Ref. NA
Never - 0.99 (0.52, 1.89) 0.984 ———  1.39(0.84,231) 0.203
Sometimes +——+——> 1.66(0.85, 3.26) 0.141 ——— 147(0.84,2.57) 0.176
Occasionally . o——— 1.37(0.68,2.76) 0.377 —————> 1.75(1.00, 3.05) 0.049
Rarely ———  1.17(0.60,228) 0654  —e——  1.23(0.71,2.12) 0453
Urban ! NA NA ! NA 1.000
Frequently : Ref. NA : Ref. NA
Never —— 1.08 (0.64, 1.83) 0.780  —o+— 0.80 (0.52, 1.24) 0.318
Sometimes Se——  1.41(0.79,2.52) 0.240 —e——  155(0.99,2.44) 0.057
Occasionally —— 1.14 (0.62, 2.08) 0.677 —+——  1.60(1.01,2.53) 0.047
Rarely —o——  1.28(0.73,2.23) 0.385 —— 1.31(0.83,2.05) 0.242
Rural i NA NA i NA NA
Frequently ' Ref. NA f Ref. NA
Never e 5203(0.89,461) 0.092 “——  137(0.80,2.34) 0257
Sometimes —————> 2,56 (1.04,6.25) 0.040 —+— 0.59 (0.29, 1.22) 0.157
Occasionally ! 2299 (1.23,7.25) 0016  ——+—— 1.35(0.72,2.52) 0.349
Rarely : - 2.55(1.07, 6.08) 0.034 - ———  1.47(0.82,2.64) 0.194
01 1152253 01 1152253

Lower risk Higher risk Lower risk Higher risk

Figure 3. Association Between wearable devices usage and obesity transition in 2019-2020 follow-up study by subgroups. Adjusted for
age, sex, residence, single-child status, breakfast frequency, sugar-sweetened beverage intake, sleeping duration, and parental education
level. OR: Odds ratios; Cl: confidence interval; NA: not available.
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Panel A: PA time< 1h

Using Wearable Device/ PA time

OR (95% CI P-val
Mobile Fitness Applications <1h (95% Cl) value

Never . Ref.

Frequently - :* 0.86 (0.71,1.04) 0.110

Sometimes E 0.61 (0.51,0.73) <0.001

Occasionally - | 0.68 (0.57,0.81) <0.001

Rarely g : 0.97 (0.82, 1.14) 0.695
Of1 1I 1?5 I 2?5:13

Lower risk Higher risk

Panel B: Prolonged sedentary behavior

Prolonged

Using Wearable Device/
ing Ve vicel sedentary  OR(95% Cl)  P-value
Mobile Fitness Applications  pahavior

Frequently : Ref.

Never E- - 1.36 (1.11, 1.67) 0.003

Sometimes : —— 1.79 (1.42, 2.26) <0.001

Occasionally | —— 1.46 (1.16, 1.85) 0.001

Rarely E— = 1.36 (1.09, 1.70) 0.007
0!1 1I 1!5 [ 2!5é

Lower risk Higher risk

Figure 4. Association Between wearable devices usage and insufficient PA time, prolonged sedentary behavior. Adjusted for age, sex,
residence, single-child status, breakfast frequency, sugar-sweetened beverage intake, sleeping duration, and parental education level.
PA: Physical activity; OR: odds ratios; Cl: confidence interval.

Association between wearable device usage and physical activity time, prolonged sedentary
behavior

Figure 4 shows the association between wearable device usage frequency and the risk of insufficient physical
activity. Using never-users as the reference group, the analysis revealed that frequent users had a non-
significant reduction in physical inactivity risk (OR = 0.86, 95%CI: 0.71-1.04, P = 0.110). In contrast,
occasional users (OR = 0.61, 95%CI: 0.51-0.73, P < 0.001) and intermittent users (OR = 0.68, 95%CI: 0.57-
0.81, P < 0.001) exhibited significantly lower risks of inadequate physical activity (PA), suggesting a higher
likelihood of meeting the recommended daily PA guideline of 2 1 h. However, rare users showed no
significant difference compared to never-users (OR = 0.97, 95%CI: 0.82-1.14, P = 0.695). These results
indicate a descriptive U-shaped trend in the associations: moderate device usage (i.e., occasional or
intermittent use) was associated with the most substantial PA improvement, whereas both excessive
(frequent use) and minimal (rare use) engagement failed to yield significant benefits. This pattern implies
that periodic, rather than constant, device interaction may optimally motivate PA adherence in children and
adolescents, potentially by balancing behavioral reinforcement with avoiding technology fatigue.
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We also identified a significant inverse association between wearable device usage frequency and prolonged
sedentary behavior risk [Figure 4]. Compared to frequent users, all lower-frequency user groups exhibited
elevated sedentary risks: never-users had an OR of 1.36 (95%CI: 1.11-1.67, P = 0.003), while sometimes-
users showed the highest risk (OR = 1.79, 95%CI: 1.42-2.26, P < 0.001). Similarly, occasional users (OR =
1.46, 95%CI: 1.16-1.85, P = 0.001) and rare users (OR = 1.36, 95%CI: 1.09-1.70, P = 0.007) demonstrated
significantly increased risks.

These results indicate a clear dose-response gradient: as device usage frequency decreased (from sometimes-
use to never-use), sedentary risk escalated progressively, with the steepest rise observed in sometimes-users
(OR = 1.79). This pattern suggests that intermittent use may fail to counteract sedentary habits due to
insufficient sustained behavioral reinforcement. Notably, the findings align with the PA time analysis,
collectively supporting a mechanistic pathway whereby wearable devices improve health behaviors through
activity reminders and sedentary interruption.

The consistency across outcomes underscores that frequent device engagement may optimize behavioral
regulation by balancing real-time feedback with habituation avoidance, whereas sporadic use limits
sustained benefits. These insights advocate for integrating wearable devices into pediatric obesity
interventions, emphasizing consistent but non-intrusive usage to maximize long-term adherence.

DISCUSSION

This nationwide longitudinal study provides the first robust evidence elucidating the nuanced relationships
between wearable device usage frequency and obesity transition, PA time, and sedentary behavior in
children and adolescents. Our findings partially align with adult studies demonstrating that device-mediated
behavioral feedback can enhance health outcomes"”. Moreover, we revealed a distinctive pediatric-specific
pattern: moderate usage (occasional/sometimes use) emerged as the optimal frequency, associated with
significantly longer PA time, lower sedentary risk, and reduced obesity transition compared to both
frequent and rare/never use.

This inverted U-shaped dose-response relationship challenges the conventional assumption that “more
frequent use yields better outcomes” and indicates the existence of a critical threshold in younger
populations. Beyond this threshold, the efficacy of wearable devices diminishes. The observed discrepancy
may be associated with developmental and behavioral psychological mechanisms: excessive reminders from
frequent device use may induce habituation or reactance in children, thereby reducing long-term
engagement!”. In contrast, moderate use enables intermittent reinforcement, which sustains user
motivation without imposing excessive burden. Furthermore, over-reliance on wearable devices may
inadvertently undermine intrinsic motivation by prioritizing external metrics over the internal enjoyment
derived from physical activity, and may even lead to technology habituation, burnout, and subsequent
device abandonment™**. Moderate use, by comparison, can strike a balance between enhancing
effectiveness and avoiding user overload. Notably, our study did not collect neurocognitive or neuroimaging
data. Thus, the aforementioned explanations only provide potential references for the observed inverted U-
shaped relationship and should not be considered as definitive conclusions. Future studies should integrate
psychological assessments or neurocognitive markers to empirically verify these potential pathways.

Subgroup analyses highlighted significant heterogeneity, with stronger associations observed in rural areas
and boys. Rural children, who often lack access to alternative health resources, may derive greater benefits
from device usage as a compensatory intervention. The heightened sensitivity to wearable device usage
observed in rural areas emerges from complex interactions between structural disparities and psycho-social
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dynamics. Rural children’s increased responsiveness aligns with the resource substitution paradigm,
wherein wearable devices disproportionately compensate for systemic healthcare deficits, rural areas exhibit
fewer sports facilities and less frequent parental health supervision compared to urban centers”*’. This
scarcity elevates devices from supplementary tools to primary behavioral regulators, magnifying their
marginal utility. Moreover, beyond limited access to alternative health resources, parental companionship
disparities, a defining feature of rural Chinese childhood, may further amplify the benefits of wearable
devices in rural areas. In China, an estimated 61 million rural children are “left-behind” (parents migrate to
urban areas for work), resulting in reduced in-person supervision of physical activity and health
behaviors”!. For these children, wearable devices may act as a “proxy supervisor”: real-time activity
reminders compensate for absent parental guidance, while app-synced data allow remote parents to
monitor and encourage activity. In contrast, urban children typically have more consistent parental
companionship to prompt physical activity, making wearable devices a supplementary tool rather than a
critical substitute. This “compensatory effect” of devices in rural settings explains why the association
between usage frequency and obesity transition is stronger there. Thus, wearable devices may help mitigate
rural-urban obesity disparities not only by increasing activity tracking but also by offsetting gaps in parental
supervision. Nevertheless, the small number of cases in certain subgroups resulted in wide CIs, indicating
less precise estimates. These findings should thus be interpreted with caution, and future studies with larger
subgroup samples are needed to validate these patterns.

Gender disparities in device efficacy reflect gendered technosocialization processes. Boys’ stronger
alignment with wearable interventions stems from congruence between device functionalities and
masculine behavioral schemas, quantified goal-setting (higher likelihood than girls) and social
competitiveness (greater engagement in ranking systems) synergize with performance-oriented device
features”**?. Conversely, girls’ physical activities, such as dance or yoga, may exhibit lower motion-tracking
accuracy, undermining perceived utility. These differences are compounded by intrinsic motivation
patterns: boys demonstrate higher self-determination in technology adoption, whereas girls rely more on

27]

external accountability mechanisms that are less supported by current device designs!

Our findings elucidate two distinct behavioral pathways: a 39% reduced risk of physical inactivity
(sometimes vs. never users: OR = 0.61) and a 79% elevated risk of sedentary behavior (sometimes vs.
frequent users: OR = 1.79), collectively demonstrating the capacity of wearable devices to mitigate obesity
risk through complementary mechanisms. For never-users initiating device engagement, real-time activity
feedback disrupts sedentary patterns by prompting light-intensity movement, thereby accumulating
beneficial physical activity duration. Conversely, the sharp sedentary rebound among reduced-frequency
users (frequent vs. sometimes) underscores devices’ role in maintaining baseline activity levels; withdrawal
of regular feedback diminishes environmental cues that normally counteract prolonged sitting®'. This
bidirectional efficacy originates from two synergistic mechanisms: Device-generated alerts (vibration/visual)
serve as external cues activating the prefrontal-striatal motivation circuit, triggering immediate PA initiation
regardless of intensity™. Continuous usage establishes habitual “postural checks” (e.g., automatic 50-min
sitting alerts), with neuroimaging evidence showing frequent users develop enhanced insula sensitivity to
bodily inactivity signals'!. Optimal obesity prevention occurs when devices sustain both PA reinforcement
and sedentary disruption””. Our findings indicate a possible behavioral pathway through physical
inactivity and sedentary behavior. However, this trend is exploratory and not based on formal mediation
testing. Future studies collecting more detailed behavioral data will be necessary to statistically verify these
mediating effects.
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The generalizability of our findings to non-Chinese populations should be interpreted with caution, as
China’s context differs in three key ways: (1) Device adoption: China has one of the highest pediatric

[34]

wearable adoption rates globally®, comparable to high-income countries such as the U.S., but higher than
low-income countries. Our findings may apply to middle-and high-income countries with similar device
access but not to low-income settings where wearable devices are scarce; (2) Health infrastructure: Rural
China has fewer sports facilities and health resources than urban areas, making wearable devices a
“compensatory tool” for activity monitoring®®. In countries with more equitable rural-urban health
infrastructure, the benefits of a wearable device may be less pronounced. These contextual differences could
influence both usage behaviors and their health impacts. Therefore, while our study provides valuable
evidence from a large, nationally representative Chinese cohort, replication in diverse international contexts
is needed to confirm whether the observed U-shaped relationship between device use and obesity risk
applies more broadly.

Public health authorities should prioritize optimizing usage patterns rather than indiscriminate device
distribution. Tailored strategies - such as establishing evidence-based “minimum effective frequency”
guidelines for high-risk subgroups and integrating device education into school curricula - could promote
sustainable behavior change. From a policy perspective, our findings suggest that interventions should not
only focus on promoting the adoption of wearable devices among children and adolescents but also on
guiding optimal patterns of use. The observed U-shaped association indicates that moderate engagement,
rather than continuous or excessive reliance, may maximize benefits while reducing the risk of technology
fatigue. Schools and community health programs could therefore integrate structured guidance on using
devices effectively, for example, by incorporating device-assisted activity monitoring into physical education
curricula in a balanced manner. For practical implementation, we recommend parents and educators guide
children/adolescents to use wearable devices 3-5 times per week, with each session limited to 10-15 min.
This frequency avoids daily overuse or long-term disuse. Educators can integrate device use into physical
education classes to reinforce moderate, purposeful engagement. In addition, health education initiatives
should raise awareness among parents and students about the potential downsides of overuse, such as
dependence on external metrics or loss of intrinsic motivation, and encourage strategies that foster
sustainable, self-regulated physical activity. These insights highlight the importance of prioritizing usage
quality and balance over simple device penetration rates when designing pediatric digital health
interventions.

Limitations

While our findings advance understanding of pediatric wearable interventions, several limitations warrant
cautious interpretation. First, residual confounding from unmeasured socio-technological factors, such as
familial eHealth literacy gradients and device functionality disparities, may influence observed associations.
Second, reliance on self-reported data for wearable device usage frequency and physical activity duration
introduces the risk of recall bias. Participants may have overestimated or underestimated their actual device
use or physical activity levels (e.g., forgetting occasional device use or overreporting compliant physical
activity), which could potentially distort the observed associations between wearable device usage and
obesity transition. While the CNSSCH survey was pilot tested for comprehension, no formal validation
study of this specific question has been conducted. Third, the survey item aggregated wearable devices and
mobile fitness apps into a single exposure measure. While both aim to monitor and promote physical
activity, their behavioral mechanisms may differ: fitness trackers provide continuous feedback through
sensors, whereas mobile apps may offer more intermittent or self-initiated feedback. Combining these
modalities could therefore dilute modality-specific effects and obscure nuanced differences in behavioral
pathways. Future research should differentiate between device-based and app-based usage, ideally using
objective log data, to better capture their distinct contributions to obesity prevention. Fourth, we were
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unable to apply formal nonlinear modeling techniques because wearable device usage was assessed as an
ordinal categorical variable rather than a continuous measure. This limited our ability to fully characterize
the shape of the dose-response curve beyond categorical comparisons. Future studies that collect
continuous or log-based usage data from devices or apps would enable more robust nonlinear modeling and
provide deeper insight into the precise turning points of the U-shaped relationship observed in this study.
Finally, several important potential confounders, such as parental BMI, household income, overall diet
quality, and daily screen time, were not available in the CNSSCH dataset. The omission of these variables
may have introduced residual confounding, as family background, socioeconomic status, and lifestyle
factors are closely associated with both wearable device usage and obesity risk. Although we adjusted for a
wide range of demographic and behavioral covariates, the possibility of unmeasured confounding cannot be
excluded. Moreover, given the low level of missingness, hot-deck imputation was used to preserve sample
representativeness; However, future work could apply multiple imputation for sensitivity analyses.
Therefore, our effect estimates should be interpreted with caution, and future studies incorporating more
comprehensive measures are warranted.

Conclusions

Moderate use of wearable devices appears to offer an optimal reduction in obesity risk among children,
while potentially mitigating technology-related fatigue associated with excessive usage. Disparities related to
geographic setting (rural vs. urban) and gender underscore the importance of developing context-specitfic
intervention strategies. The beneficial effect of wearable devices on pediatric obesity risk is primarily
mediated through the reduction of sedentary behavior and the increase in time spent in physical activity,
with the greatest benefits observed at moderate frequencies of use. These findings highlight the need for
public health initiatives to prioritize the quality and pattern of device usage over mere adoption rates. Such
an approach may enhance the effectiveness of technology-based interventions aimed at combating
childhood obesity.
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