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Background: With the rapid development of digital technologies and the widespread integr11 

ation of social media into adolescents' lives, this study aimed to examine the association b12 

etween digital health literacy (DHL) and experiences of online sexual objectification (OSO)13 

 among adolescents, along with the mechanisms underlying this association. Methods: DH14 

L, OSO, physical activity (PA), and physical self-esteem (PSE) were assessed using the e15 

Health Literacy Scale (eHEALS), Online Sexual Objectification Experience Scale (OSOES),16 

 Physical Activity Rating Scale (PARS-3), and Physical Self-Perception Profile (PSPP) for17 

 college students, respectively. Descriptive statistics, Pearson correlation analyses, and hiera18 

rchical multiple regression analyses were conducted using SPSS 27.0. Model 6 of PROCE19 

SS version 4.1 was used to test individual and serial indirect effects through bootstrapping.20 

 Results: (1) DHL was significantly negatively associated with OSO among adolescents (β21 

 = −0.45, p < 0.001). (2) The indirect effect of DHL on OSO through PA was significan22 

t (b = −0.007, 95% CI [−0.009, −0.006]). (3) The indirect effect through PSE was also si23 

gnificant (b = −0.010, 95% CI [−0.012, −0.008]). (4) DHL showed a significant serial ind24 

irect association with OSO among adolescents through PA and PSE (b = −0.003, 95% CI25 

 [−0.004, −0.003]). Conclusions: Higher DHL was associated with fewer experiences of O26 

SO among adolescents, with significant individual and serial indirect effects through PA a27 

nd PSE. These findings provide empirical support for understanding this association in ter28 

ms of behavioral engagement and physical self-evaluation. 29 
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1 Introduction 32 

Digital media are increasingly embedded in adolescent socialization. Their visual co33 

mmunication and quantified feedback mechanisms heighten the visibility of physical appear34 

ance and its exposure to evaluation, creating an important risk context for online sexual o35 

bjectification (OSO) among adolescents (Luo et al., 2026; Nesi et al., 2018). OSO refers t36 

o a process in which individuals' bodies or sexualized appearance are evaluated during dig37 

ital media interactions, reducing them to objects whose worth is judged by visible bodily 38 

attributes (Cary et al., 2024; Fredrickson & Roberts, 1997). Adolescence is a critical perio39 

d of rapid development in physical self-concept and social identity, during which appearan40 

ce-related online feedback may more readily shape self-evaluation (Choukas-Bradley et al.,41 

 2020; Daniels et al., 2020). Existing evidence indicates that self-objectification involves in42 

ternalizing an external observer's perspective and is associated with lower physical self-este43 

em (PSE) and greater body surveillance, body shame, and body dissatisfaction (Fredrickson44 

 & Roberts, 1997; Moradi & Huang, 2008; Saunders et al., 2024). Longitudinal evidence 45 

further suggests that disturbances in body image are prospectively associated with subseque46 

nt depression and self-harm (Bornioli et al., 2019; Ferreiro et al., 2012). A national birth 47 

cohort study involving 24,569 adolescents found that those who experienced body dissatisf48 

action in early adolescence had a 78% higher adjusted relative risk of reporting a suicide 49 

attempt in late adolescence, with risk increasing progressively as body dissatisfaction intens50 

ified (Ørstavik et al., 2026). Strengthening adolescents' ability to identify and manage appe51 

arance-focused media risks is therefore an important prerequisite for limiting the internaliza52 

tion of appearance norms and curbing the cascading effects of related risks to physical an53 

d mental health. 54 

Social cognitive theory emphasizes that behavioral choices arise from the interplay 55 

between individual agency and environmental information (Bandura, 2004). Digital health li56 

teracy (DHL), which encompasses the ability to access, evaluate, and apply online health i57 

nformation, is a key cognitive resource supporting health decisions in digital contexts (Ari58 
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as López et al., 2023; Norman and Skinner, 2006; van Kessel et al., 2022). From a medi59 

a literacy perspective, the critical media processing skills supported by DHL may help indi60 

viduals recognize appearance norms and sexualized cues, thereby limiting the influence of 61 

appearance-focused and sexualized information on body-related cognitions (McLean et al., 62 

2017; Vandenbosch & van Oosten, 2017). Evidence from related research indicates that dig63 

ital media literacy interventions can reduce body image concerns and thin-ideal internalizati64 

on among adolescents, while higher media literacy may buffer the association between self65 

ie viewing and thin-ideal internalization (Wang et al., 2024; Zuair & Sopory, 2022). A lon66 

gitudinal study found that the association between exposure to sexually explicit online mat67 

erial and perceptions of women as sex objects was weaker among participants who reporte68 

d learning more about pornography in school-based sex education (Vandenbosch & van Oo69 

sten, 2017). However, the association between DHL and experiences of OSO may extend 70 

beyond information processing, operating sequentially through engagement in health behavi71 

ors, represented by physical activity (PA), and physical self-evaluation, reflected in PSE (F72 

redrickson & Roberts, 1997; Jiang et al., 2024; Raudsepp et al., 2013; Sonstroem & Morg73 

an, 1989). Supporting evidence indicates that greater participation in sports predicts lower 74 

self-objectification one year later (Slater & Tiggemann, 2012). Meanwhile, cross-sectional e75 

vidence shows that lower body esteem is associated with more frequent appearance-related76 

 social media activities among adolescent girls, suggesting that negative physical self-evalu77 

ation may be linked to an appearance-focused orientation in online interactions (Kvardova 78 

et al., 2026). Together, these findings suggest that cognitive resources for navigating digital79 

 environments may reduce susceptibility to objectification risks by promoting behavioral en80 

gagement and the development of a positive physical self-concept. 81 

Drawing on social cognitive theory and objectification theory (see Figure 1), this st82 

udy examines a model linking DHL to OSO among adolescents and tests the serial mediat83 

ing roles of PA and PSE. It aims to elucidate the mechanisms through which cognitive re84 

sources for health translate into body-related psychological adjustment and relate to appear85 

ance-focused digital risks, providing theoretical insights and an empirical basis for promoti86 

ng adolescent digital health and preventing OSO. 87 
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 88 

Figure 1. Integrated theoretical framework linking DHL, PA, PSE, and OSO. 89 

1.1 The Association Between DHL and OSO Among Adolescents 90 

In visually oriented digital environments, evaluating health information and navigating 91 

appearance-focused interactions constitute two core tasks of adolescent digital adaptation (D92 

e Vries et al., 2016; Freeman et al., 2018; Taba et al., 2022). From a critical media proc93 

essing perspective, the information appraisal skills encompassed by DHL may reduce the i94 

nternalization of appearance standards and reliance on external evaluation, thereby lowering95 

 the likelihood of experiencing OSO (Norman and Skinner, 2006; Vandenbosch & van Oo96 

sten, 2017; Zuair & Sopory, 2022). Research involving 246 adolescent girls indicated that 97 

higher critical media literacy buffered the adverse associations of thin-ideal internalization 98 

and upward appearance comparison with body satisfaction, with this protective role further99 

 explored in social media contexts (McLean et al., 2016; McLean et al., 2017). A cross-s100 

ectional study found that media literacy significantly moderated the association between sel101 

fie viewing and thin-ideal internalization, with a weaker association among adolescents wit102 

h higher media literacy (Wang et al., 2024). A meta-analysis further showed that school-b103 

ased media health literacy interventions reduced body image concerns, eating concerns, and104 
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 thin-ideal internalization among adolescents, with the largest effect observed for thin-ideal105 

 internalization (Zuair & Sopory, 2022). These findings broaden the explanatory framework106 

 beyond external media exposure to include modifiable cognitive resources, highlighting th107 

eir potential upstream role in shaping adolescents' vulnerability to appearance-related risks. 108 

1.2 The Mediating Role of PA in the Association Between DHL and OSO 109 

Embodied action strengthens adolescents' appreciation of what their bodies can do and110 

 may attenuate the objectifying influence of sexualized evaluations on digital platforms (Fr111 

edrickson & Roberts, 1997; Luo et al., 2026; Slater & Tiggemann, 2012; Sollerhed et al.,112 

 2022). From an embodied practice perspective, skill mastery and perceived competence d113 

uring exercise may reshape the criteria for evaluating the body, grounding its value more 114 

firmly in functional experiences than in appearance and thereby reducing the dominance of115 

 appearance norms (Abbott & Barber, 2011; O’Hara et al., 2014; Sonstroem & Morgan, 1116 

989). Supporting evidence indicates that interventions focusing on body functionality can i117 

ncrease body appreciation and reduce self-objectification among adult women. A review fu118 

rther highlights the potential value of functionality-based body evaluation for positive body119 

 image (Alleva et al., 2015; Alleva & Tylka, 2021). Regarding psychological and behavior120 

al adjustment, a dimension-level network analysis among adolescents found that PA had n121 

egative conditional associations with interpersonal stress, impulse control difficulties, and n122 

onsuicidal self-injury (Zhu, Lyu, et al., 2026). Additionally, a study involving 842 adolesce123 

nt girls found that achievement-oriented sports participation significantly weakened the asso124 

ciation between thin-ideal internalization and self-objectification (Jankauskiene & Bacevicien125 

e, 2022). Longitudinal research also indicates that sports participation predicts lower subseq126 

uent self-objectification (Slater & Tiggemann, 2012), providing indirect support for further 127 

investigation of the association between PA and experiences of OSO among adolescents. 128 

The translation of cognitive resources into embodied health practices is embedded in t129 

he dynamic interplay between individual agency and supportive environments (Bandura, 20130 

01; Liu et al., 2024; Michie et al., 2011). Across cultural contexts, existing evidence provi131 

des preliminary support for a positive association between DHL and PA (Mitsutake et al.,132 

 2016; Xu et al., 2026). A cross-sectional study of Chinese university students found that 133 
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eHealth literacy was positively associated with moderate-to-vigorous PA, which accounted f134 

or a small but significant indirect effect in the association between eHealth literacy and p135 

hysical literacy (Jiang et al., 2024). A similar association was observed among German ei136 

ghth- and ninth-grade students, with low and moderate DHL associated with a greater like137 

lihood of insufficient PA (Dadaczynski et al., 2022). A cross-sectional survey of 19,231 re138 

sidents aged 16 years and older in Denmark's Zealand region found that, after adjustment 139 

for sociodemographic factors and body mass index, higher DHL was associated with a gre140 

ater likelihood of engaging in more than 30 minutes of moderate-to-vigorous PA per week141 

 and meeting the World Health Organization's minimum PA recommendations for adults 142 

(Zangger et al., 2024). Together, these findings suggest that embodied action may serve as143 

 an active mechanism linking digital competencies to positive physical self-development. 144 

1.3 The Mediating Role of PSE in the Association Between DHL and OSO 145 

PSE encompasses individuals' multidimensional evaluations of their physical appearanc146 

e, physical competence, and overall physical worth (Fox & Corbin, 1989; Franzoi & Shiel147 

ds, 1984; Mendelson et al., 2001). As an important component of positive body image, hi148 

gher PSE may serve as a psychological resource that helps adolescents navigate appearanc149 

e-focused digital environments (Kvardova et al., 2026; Steinsbekk et al., 2021; Yang et al.,150 

 2020). Research among adolescents found that body satisfaction was negatively associated151 

 with coercive sextortion and online grooming, whereas sending erotic and pornographic m152 

essages was positively associated with online grooming (Tamarit et al., 2021). A cross-sect153 

ional study among adults showed that PSE was negatively associated with motivations to 154 

enhance body image, which were positively associated with posting sexualized content of 155 

oneself online (Califano et al., 2022). Cross-sectional research among adolescent girls furth156 

er indicated that body image concerns may increase vulnerability to online sexual victimiz157 

ation through greater tendencies to expand online contacts indiscriminately and establish on158 

line relationships with strangers (Longobardi et al., 2021). Through related mechanisms inv159 

olving sexualized self-presentation and risky online interactions, these studies provide indire160 

ct empirical support for the potential protective role of PSE against OSO. 161 
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Within an increasingly complex online health information environment, the ability to a162 

ccess, evaluate, and apply digital health information may constitute an important cognitive 163 

resource for maintaining positive physical self-evaluation (Mahdifar et al., 2021; Norman a164 

nd Skinner, 2006). In particular, critical appraisal of health information may limit the bias165 

ed internalization of appearance norms and reliance on external evaluation, helping individ166 

uals develop a stable sense of physical worth (McLean et al., 2013, 2016; Paxton et al., 167 

2022; Tamplin et al., 2018). Quasi-experimental research indicates that social media literac168 

y training can improve weight-related body esteem among adolescent girls in the short ter169 

m (McLean et al., 2017). Additionally, a cross-sectional study among university students f170 

ound a weak positive correlation between eHealth dietary literacy and body appreciation 171 

(Adiyan & Lule, 2026). Thus, the value of DHL may extend beyond supporting health-rel172 

ated behavioral decisions: by strengthening individuals' sense of physical worth, it may tra173 

nslate cognitive advantages in health information processing into psychological resources th174 

at support positive body-related adjustment among adolescents. 175 

1.4 The Serial Mediating Roles of PA and PSE in the Association Between DHL and176 

 OSO 177 

The exercise and self-esteem model proposes that mastery experiences accumulated thr178 

ough exercise strengthen positive perceptions of specific physical abilities. These perception179 

s extend upward through the hierarchy of physical self-perceptions, reinforcing individuals' 180 

sense of overall physical worth (Fox & Corbin, 1989; Gothe et al., 2022; Haugen et al., 181 

2011; Sonstroem & Morgan, 1989). Existing evidence, derived predominantly from female 182 

samples, supports a positive association between PA and PSE (Raudsepp et al., 2013). A 183 

six-month cluster randomized controlled trial found significant improvements in perceived p184 

hysical condition and physical self-worth among insufficiently active female high school st185 

udents (Kahlin et al., 2016). Similarly, a 14-week exercise intervention improved physical 186 

self-worth among adolescents with obesity despite no significant change in body mass inde187 

x (Daley et al., 2006). A meta-analysis of nine randomized controlled trials further demon188 

strated a small positive effect of exercise on overall PSE among females (Zhang et al., 20189 

24). These findings suggest that PA can strengthen adolescents' positive evaluations of thei190 
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r bodily functionality and physical competence, offering a modifiable behavioral pathway f191 

or developing a stable physical self-identity. 192 

Cognitive resources for health in digital environments may translate into advantages in193 

 adapting to online interactions through a sequential pathway involving behavioral engagem194 

ent and the integration of a sense of physical worth (Kim et al., 2023; Longobardi et al.,195 

 2021; Melby et al., 2023; Ojala et al., 2021; Paquette et al., 2022). From an embodied a196 

gency perspective, functional experiences may strengthen bodily agency, while positive phy197 

sical self-evaluation may reduce reliance on appearance-based validation, jointly lowering s198 

usceptibility to OSO (Adams et al., 2017; Bell et al., 2018; Mahlo & Tiggemann, 2016). 199 

A cross-sectional study of 842 adolescent girls found that achievement-oriented sports parti200 

cipation significantly weakened the association between thin-ideal internalization and self-ob201 

jectification (Jankauskiene & Baceviciene, 2022). Meanwhile, cross-sectional data from 190202 

 adolescents indicated that both body-esteem attribution and objectified body consciousness203 

 significantly predicted sexting motivations related to sexual purposes (Bianchi et al., 201204 

7). The adaptive advantages of health literacy are reflected in more effective engagement i205 

n health behaviors (Fleary et al., 2018; Hnidková et al., 2024; Zhu, Du, et al., 2026) and206 

 more positive physical self-evaluation (Kurz et al., 2022; Mahdifar et al., 2021). Thus, by207 

 promoting PA and reinforcing positive physical self-evaluation, DHL may translate cogniti208 

ve advantages in health information processing into upstream protection against adolescents'209 

 susceptibility to OSO. 210 

1.5 Research Gaps 211 

Building on the literature reviewed above, this study aims to systematically examine the 212 

association between DHL and OSO among adolescents and test the mediating roles of PA and 213 

PSE. Three gaps remain in the existing literature. First, few studies have systematically examined 214 

the association between DHL and OSO among adolescents, despite the potential role of DHL as a 215 

cognitive resource supporting critical information appraisal and health-related decision-making. 216 

Second, previous research has predominantly focused on female or university student samples, 217 

emphasizing self-objectification and its psychological consequences while paying limited 218 

attention to upstream protective mechanisms against adolescent OSO. The protective value and 219 
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intervention potential of PA and PSE have yet to be assessed from an integrated perspective 220 

encompassing health behavior regulation and physical self-concept development. Third, existing 221 

studies have largely examined associations among selected variables, without a unified theoretical 222 

framework integrating digital cognitive resources, health behavior practices, and physical 223 

self-evaluation. This fragmentation limits understanding of the behavioral and psychological 224 

processes underlying the association between DHL and OSO among adolescents. Based on the 225 

preceding theoretical analysis and review of empirical evidence, this study proposes the following 226 

hypotheses, as illustrated in Figure 2: 227 

H1: DHL is negatively associated with OSO among adolescents. 228 

H2: PA mediates the association between DHL and OSO among adolescents. 229 

H3: PSE mediates the association between DHL and OSO among adolescents. 230 

H4: PA and PSE sequentially mediate the association between DHL and OSO among adolescents.231 

 232 

Figure 2. Serial mediation model of PA and PSE in the association between DHL and OSO. 233 

Note: Digital health literacy =DHL; Online Sexual Objectification = OSO; Physical activity = PA; Physical 234 

Self-Esteem = PSE. 235 

2. Methods 236 

2.1 Participants 237 

This cross-sectional study recruited participants from four secondary schools in urban areas 238 

of Henan Province, China. Researchers screened 2,698 students for eligibility based on their 239 

self-reported health status (Figure 3). Of these, 79 students who reported health conditions 240 

affecting daily activities were excluded, leaving 2,619 eligible students. Questionnaires were 241 
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distributed to all eligible students, and 2,409 valid responses were included in the final analysis, 242 

yielding a valid response rate of 92.0%. The detailed screening process is presented in Figure 3. 243 

To assess the adequacy of the achieved sample size, a Monte Carlo sensitivity analysis was 244 

conducted for the hypothesized serial mediation model. With a sample size of N = 2,409 and a 245 

significance level of α = 0.05, the study had 95% statistical power to detect a standardized serial 246 

indirect effect as small as 0.0017, supporting the adequacy of the sample size under the specified 247 

model assumptions. Among the 2,409 respondents with valid responses, 1,068 (44.3%) were boys. 248 

The mean age was 15.05 ± 1.72 years. Detailed demographic characteristics are presented in Table 249 

1.250 

 251 

Figure 3. Flowchart of the study sample selection process. 252 

To ensure that the sample aligned with the study objectives and to maintain data quality, 253 

explicit inclusion and exclusion criteria were established a priori based on the research objectives 254 

and measurement requirements. The inclusion criteria were as follows: (1) current enrollment as a 255 
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full-time junior or senior secondary school student; (2) intact cognitive functioning and reading 256 

comprehension sufficient to complete the self-administered questionnaire independently and 257 

accurately; and (3) voluntary participation, with written informed consent from a parent or legal 258 

guardian and written assent from the adolescent. The exclusion criteria were as follows: (1) recent 259 

physical injury or medical advice against exercise; (2) a confirmed diagnosis of another 260 

neurodevelopmental disorder or a neurological disease; and (3) an acute or chronic illness. 261 

 262 
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Table 1. Distribution of basic information on adolescents (N = 2409). 263 

Demographic variables Number Proportion (%) 

Age 15.05±1.72 2409 100% 

Sex 

Male 1068 44.3% 

Female 1341 55.7% 

Grade level 

Middle school 1166 48.4% 

High school 1243 51.6% 

Place of birth 

Rural 1007 41.8% 

Urban 1402 58.2% 

Only child (yes/no) 

Yes 649 26.9% 

No 1760 73.1% 

Boarding student (yes/no) 

Yes 1749 72.6% 

No 660 27.4% 

2.2 Study Procedure 264 

This study was conducted in Henan Province, China, between March and June 2026. Schools 265 

were selected through purposive sampling, and eligible students within participating schools were 266 

recruited through convenience sampling. The study was approved by the Biomedical Research 267 

Ethics Subcommittee of Henan University (approval number: HUSOM2026-877), and permission 268 

was obtained from the local education authorities and participating schools. All study procedures 269 

were performed in accordance with the Declaration of Helsinki and relevant institutional and 270 

national guidelines and regulations. Before data collection, written informed consent was obtained 271 

from the parents or legal guardians of all participants. Participants themselves also provided 272 

written assent after receiving comprehensive information about the study. 273 

Research assistants who had received standardized training administered the questionnaires 274 

in classroom settings using standardized procedures. Before the survey, participants were 275 

informed of the study purpose, the voluntary nature of participation, anonymity, data 276 

confidentiality measures, and their right to withdraw at any time. Participants independently 277 

completed and submitted the questionnaires via an online survey platform. Researchers 278 
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subsequently checked the questionnaires for completeness and promptly clarified any 279 

unintentional omissions with participants. 280 

2.3 Measures 281 

2.3.1 Digital Health Literacy 282 

DHL was assessed using the Chinese version of the eight-item eHealth Literacy Scale 283 

(eHEALS), originally developed by Norman and Skinner (2006) and adapted into Chinese by Guo 284 

et al. (2013). The scale assesses respondents’ perceived ability to find, evaluate, and use online 285 

health information (Zhao et al., 2026). Items are rated on a five-point Likert scale from 1 (strongly 286 

disagree) to 5 (strongly agree). Scores are summed to yield a total score ranging from 8 to 40, with 287 

higher scores indicating greater perceived eHealth literacy. Cronbach’s α in the present sample 288 

was 0.91. 289 

2.3.2 Online Sexual Objectification 290 

Experiences of OSO were assessed using the Online Sexual Objectification Experience Scale 291 

(OSOES) employed by Luo (2017). The scale comprises six items assessing how frequently 292 

individuals experience attention, comments, or evaluations from others regarding their appearance 293 

and bodily features in online settings. All items are rated on a five-point Likert scale ranging from 294 

1 to 5. Higher scores indicate more frequent experiences of OSO. Previous studies have 295 

demonstrated good internal consistency, and the scale has been used in different samples of 296 

Chinese youth (Du et al., 2023; Gai et al., 2026). In the present study, Cronbach's α was 0.85, 297 

indicating good internal consistency. 298 

2.3.3 Physical Activity 299 

PA was assessed using the Physical Activity Rating Scale-3 (PARS-3), revised by Liang 300 

(1994). The scale comprises three items assessing exercise intensity, duration, and frequency. Each 301 

item is scored from 1 to 5. The total PA score is calculated as intensity × (duration − 1) × 302 

frequency, yielding a score ranging from 0 to 100, with higher scores indicating greater physical 303 

activity (Zhang et al., 2025). In the present study, Cronbach’s α was 0.78. 304 

2.3.4 Physical Self-Esteem 305 



 14 

PSE was assessed using the college-student version of the Physical Self-Perception 306 

Profile (PSPP), revised by Xu and Yao (2001). The scale comprises 30 items, including a307 

 global physical self-worth scale and four subscales assessing sport competence, physical c308 

ondition, body attractiveness, and physical strength. Sixteen items are reverse-scored. All it309 

ems are rated on a four-point Likert scale ranging from 1 (strongly disagree) to 4 (strongl310 

y agree), with higher scores indicating higher PSE. Previous research has demonstrated go311 

od internal consistency in Chinese adolescent samples (Peng et al., 2025). In the present s312 

tudy, Cronbach's α was 0.912, indicating good internal consistency. 313 

2.4 Data Analysis 314 

Statistical analyses were conducted using IBM SPSS Statistics 27.0. All statistical te315 

sts were two-sided, with the significance level set at α = 0.05. First, the data were screen316 

ed and checked for quality, and Harman's single-factor test was used to assess common m317 

ethod bias. Descriptive statistics were then calculated for DHL, OSO, PA, and PSE. Conti318 

nuous variables were summarized as means and standard deviations (M ± SD), and Pearso319 

n correlation analyses were performed to examine bivariate associations among the main v320 

ariables. Hierarchical multiple linear regression models were subsequently fitted to examine321 

 the independent predictive contributions of the core variables to the outcome, controlling 322 

for relevant demographic variables. Before regression analysis, multicollinearity was assesse323 

d using indicators including the variance inflation factor (VIF). Finally, Model 6 of Hayes'324 

 PROCESS macro was used to test serial mediation. Indirect effects and their 95% confid325 

ence intervals were estimated using 5,000 bootstrap resamples. An indirect effect was cons326 

idered statistically significant when its bootstrap 95% confidence interval did not include z327 

ero. 328 

3. Results 329 

3.1 Common Method Bias Test 330 

Because all variables were assessed using self-report questionnaires, Harman's single-factor 331 

test was conducted to evaluate the potential influence of common method bias. The results showed 332 

that principal component analysis extracted 13 factors with eigenvalues greater than 1, which 333 
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collectively accounted for 87.36% of the total variance. The first unrotated factor explained 27.18% 334 

of the variance, well below the recommended threshold of 40%. These findings indicate that there 335 

was no serious common method bias in the data. 336 

3.2 Descriptive Statistics and Correlation Analysis 337 

Table 2 presents the means, standard deviations, and correlations among DHL, OSO, PA, and 338 

PSE. The mean scores (standard deviations) were 24.31 (5.34) for DHL, 12.78 (3.36) for OSO, 339 

29.47 (21.17) for PA, and 84.13 (16.80) for PSE. DHL was significantly negatively correlated with 340 

OSO (r = −0.448, p < 0.001) and positively correlated with PA (r = 0.347, p < 0.001) and PSE (r = 341 

0.415, p < 0.001). PA was significantly negatively correlated with OSO (r = −0.412, p < 0.001) 342 

and positively correlated with PSE (r = 0.411, p < 0.001). Additionally, PSE was significantly 343 

negatively correlated with OSO (r = −0.494, p < 0.001). 344 

 345 
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Table 2. Means, standard deviations, and correlations among all variables (N = 2409). 346 

Variable M SD 1 2 3 4 

1. DHL 24.31 5.34 1 -0.448* 0.347* 0.415* 

2.OSO  12.78 3.36 -0.448* 1 -0.412* -0.494* 

3. PA 29.47 21.17 0.347* -0.412* 1 0.411* 

4. PSE 84.13 16.80 0.415* -0.494* 0.411* 1 

Note: Digital health literacy =DHL; Online Sexual Objectification = OSO; Physical activity = PA; Physical 347 

Self-Esteem = PSE.*p < 0.05; **p < 0.01; ***p < 0.001. 348 

3.3 Regression Analysis 349 

Hierarchical multiple regression analyses were conducted to examine whether DHL, PA, and 350 

PSE predicted OSO, with the results presented in Table 3. Before the analyses, multicollinearity 351 

diagnostics were performed for all predictors. VIF values ranged from 1.002 to 3.062, well below 352 

the threshold of 10, indicating no serious multicollinearity concerns for the subsequent regression 353 

and mediation analyses. 354 

In Model 1, demographic variables, including sex, age, grade, birthplace, only-child status, 355 

and boarding status, were entered as covariates. DHL was subsequently added in Model 2 and 356 

significantly negatively predicted OSO (β = −0.45, p < 0.001), supporting H1. Model 3 further 357 

showed that PA significantly negatively predicted OSO (β = −0.29, p < 0.001). After PSE was 358 

added in Model 4, it also emerged as a significant negative predictor of OSO (β = −0.31, p < 359 

0.001). 360 

Additionally, Model 5 showed that DHL significantly positively predicted PA (β = 0.35, p < 361 

0.001). Finally, Model 6 indicated that PA was a significant positive predictor of PSE (β = 0.30, p 362 

< 0.001). Overall, the hierarchical regression analyses revealed significant associations among 363 

DHL, PA, and PSE, each of which was also significantly associated with OSO. 364 

  365 

 366 
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Table 3. Standardized regression coefficients and model-fit statistics for the regression models 367 

Variable 

Dependent variable: OSO 
Dependent 

variable: PA 

Dependent 

variable: PSE 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

β t β t β t β t β t β t 

Control 

variables 

Sex 0.08 3.87* 0.06 3.55* 0.06 3.29 0.07 3.99* -0.03 -1.37 0.03 1.58 

Age -0.04 -1.10 -0.02 -0.48 -0.03 -1.00 -0.03 -0.93 -0.05 -1.54 0.01 0.36 

Grade level 0.05 1.38 0.05 1.69 0.06 2.06* 0.06 1.94 0.03 0.92 -0.02 -0.70 

Place of birth 0.01 0.56 0.00 0.15 0.00 0.28 -0.00 -0.28 0.01 0.39 -0.03 -1.73 

only child or not -0.00 -0.16 -0.00 -0.08 -0.01 -0.52 -0.02 -1.28 -0.03 -1.37 -0.04 -2.21* 

Boarding or not -0.00 -0.01 0.01 0.70 0.02 1.01 0.02 0.97 0.02 0.84 -0.01 -0.29 

Independent 

variable 
DHL - - -0.45 -24.58* -0.35 -18.75* -0.25 -13.52* 0.35 18.14* 0.31 16.48* 

Mediating 

variables 

PA - - - - -0.29 -15.71* -0.20 -10.60* - - 0.30 16.19* 

PSE - - - - - - -0.31 -16.32* - - - - 

Model fit 

R 0.08 0.45 0.53 0.59 0.35 0.51 

R² 0.01 0.21 0.28 0.35 0.12 0.26 

Adjusted R² 0.00 0.20 0.28 0.35 0.12 0.25 

F 2.85 89.34* 117.03* 145.14* 48.23* 103.70* 

Note: Digital health literacy =DHL; Online Sexual Objectification = OSO; Physical activity = PA; Physical Self-Esteem = PSE. *p < 0.05; **p < 0.01; ***p < 0.001.368 
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3.4 Mediation Analysis 369 

The standardized path coefficients of the serial mediation model are presented in Figure 4, 370 

and the mediation analysis results are reported in Table 4. The total effect of DHL on OSO among 371 

adolescents was statistically significant (b = −0.047, bootstrap 95% CI [−0.051, −0.044]). After PA 372 

and PSE were included in the model, the direct effect of DHL on OSO remained statistically 373 

significant (b = −0.026, bootstrap 95% CI [−0.030, −0.023]), accounting for 55.9% of the total 374 

effect. The total indirect effect through PA and PSE was also statistically significant (b = −0.021, 375 

bootstrap 95% CI [−0.023, −0.019]), accounting for 44.1% of the total effect. 376 

Table 4. Indirect Effects and Effect 

SizesPath 
Effect SE 

Bootstrap 95% CI Percentage of total 

effect Lower Upper 

Total effect -0.047 0.002 -0.051 -0.044 - 

Direct effect -0.026 0.002 -0.030 -0.023 55.9% 

Total indirect effects -0.021 0.001 -0.023 -0.019 44.1% 

Ind1: DHL->PA->OSO -0.007 0.001 -0.009 -0.006 15.2% 

Ind2: DHL->PSE->OSO -0.010 0.001 -0.012 -0.008 21.5% 

Ind3: DHL->PA->PSE->OSO -0.003 0.001 -0.004 -0.003 7.3% 

Specifically, the analysis of Ind1 indicated that PA significantly mediated the association 377 

between DHL and OSO, with an indirect effect of −0.007 (bootstrap 95% CI [−0.009, −0.006]), 378 

accounting for 15.2% of the total effect and supporting H2. The results for Ind2 showed that PSE 379 

also significantly mediated the association between DHL and OSO, with an indirect effect of −380 

0.010 (bootstrap 95% CI [−0.012, −0.008]), accounting for 21.5% of the total effect and 381 

supporting H3. Additionally, DHL was indirectly associated with OSO through the serial pathway 382 

PA → PSE. The serial indirect effect was −0.003 (bootstrap 95% CI [−0.004, −0.003]), 383 

accounting for 7.3% of the total effect. The confidence interval excluded zero, supporting H4. 384 

 385 
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Figure 4. Serial mediation model with standardized path coefficients 386 

Note. Values shown on arrows are standardized path coefficients. DHL, PA, PSE, and OSO follow the 387 

study abbreviations. 388 

4. Discussion 389 

4.1 The Association Between DHL and OSO 390 

This study found a significant negative association between DHL and OSO among 391 

adolescents, indicating that adolescents with higher DHL generally reported lower OSO, 392 

supporting H1. This finding aligns closely with social cognitive theory, which emphasizes how 393 

individual cognitive resources shape the recognition, appraisal, and response to environmental 394 

cues (Bandura, 2001). Related experimental studies provide converging evidence (Reichert et al., 395 

2007) found that, following media literacy training addressing the sexual objectification of women 396 

in advertising, participants were better able to recognize objectifying portrayals and demonstrated 397 

more critical cognitive, attitudinal, and behavioral responses to these advertisements. In a 398 

randomized controlled trial, (Scull et al., 2022) found that online media literacy-based sexual 399 

health education improved adolescents' ability to deconstruct media messages, reduced 400 

perceptions of media realism, and corrected overestimates of the prevalence of risky sexual 401 

behaviors among adolescents. 402 

Previous research has primarily examined manifestations of OSO and their associations with 403 

psychological outcomes such as self-objectification, body surveillance, and body shame (Cary et 404 

al., 2024), with comparatively limited attention to upstream protective factors (Ward et al., 2023). 405 

By identifying a significant negative association between DHL and OSO among adolescents, this 406 

study extends the focus from risk manifestations and their consequences to the potential protective 407 

role of modifiable digital cognitive resources. In practical terms, the findings suggest that DHL 408 

should be incorporated into adolescent online risk prevention efforts. School-based education 409 

could strengthen the recognition of objectifying cues and awareness of boundaries in sexualized 410 

interactions, while family support and platform governance could provide external safeguards. 411 

Together, these approaches offer a multilevel foundation for strengthening adolescents' capacity to 412 

respond to OSO and reducing related risks (Calvete et al., 2022; Quayle, 2020; Scull et al., 2022). 413 
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4.2 The Mediating Role of PA in the Association Between DHL and OSO 414 

PA significantly mediated the association between DHL and OSO, supporting H2. Higher PA 415 

was associated with lower OSO. From an embodied perspective, skill mastery, functional 416 

experiences, and autonomous control during exercise may be linked to a stronger sense of bodily 417 

agency and less reliance on evaluations of appearance and sexual attractiveness among 418 

adolescents (Cox et al., 2016; Daubenmier, 2005; Piran et al., 2020). Previous research provides 419 

support through both behavioral engagement and shifts in body evaluation: longitudinal 420 

associations involving adolescent sports participation and intervention effects of 421 

functionality-focused training among adult women both point to lower self-objectification (Alleva 422 

et al., 2015; Slater & Tiggemann, 2012). 423 

The present study further identified an association between PA and OSO in online 424 

interpersonal interactions, suggesting a connection across contexts between offline embodied 425 

practices and experiences of sexualized evaluation online. Related research has also incorporated 426 

PA into symptom networks of adolescent internet addiction, internalizing problems, and 427 

nonsuicidal self-injury, identifying negative associations with related symptoms. These findings 428 

provide additional evidence linking exercise participation to internet-related psychological and 429 

behavioral problems (Zhu, Du, et al., 2025). Thus, this study extends the potential psychosocial 430 

relevance of PA from body image to risks associated with adolescent digital socialization and 431 

provides preliminary support for incorporating functionality- and competence-oriented exercise 432 

practices into OSO prevention. 433 

4.3 The Mediating Role of PSE in the Association Between DHL and OSO 434 

The indirect effect linking DHL to OSO through PSE was significant, supporting H3. Higher 435 

PSE was associated with lower OSO, possibly because a stable sense of physical worth reduces 436 

adolescents' reliance on standards of appearance and sexual attractiveness. This association may 437 

therefore reflect individual differences in the cognitive and behavioral processes involved in 438 

recognizing, interpreting, and responding to sexualized evaluations, rather than indicating that 439 

PSE can alter objectifying experiences themselves. Existing evidence has primarily followed two 440 

lines of inquiry: the adverse consequences of objectification and positive body image. These 441 
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address, respectively, the association between objectifying experiences and negative body-related 442 

cognitions (Moradi & Huang, 2008), and the role of body appreciation and functionality-oriented 443 

evaluation in reducing the influence of appearance norms (Alleva et al., 2015; Andrew et al., 2015; 444 

Linardon et al., 2023). Whereas previous research has largely treated body evaluation as a 445 

psychological outcome of objectifying experiences, this study examines PSE as a potential basis 446 

for understanding individual differences in adolescent OSO. This perspective extends the focus of 447 

objectification theory from how external sexualized evaluations shape negative body-related 448 

cognitions to how individuals' existing evaluations of physical worth relate to their online 449 

interaction experiences. It thereby introduces an individual-differences perspective into traditional 450 

models of risk and its consequences, offering an explanatory framework that considers both the 451 

external evaluative environment and differences in perceived physical worth. 452 

This study also found a significant positive association between DHL and PSE, suggesting 453 

that stronger critical processing skills for digital health information may be associated with less 454 

reliance on appearance norms and a greater emphasis on health and bodily functionality in 455 

self-evaluation. Related research has examined health literacy and weight-related self-perceptions, 456 

alongside the roles of media pressure, appearance comparison, social evaluation, appearance-ideal 457 

internalization, and body satisfaction in shaping physical self-perceptions (Boberová & Husárová, 458 

2021; Ji et al., 2023; Rodgers et al., 2015). The theoretical contribution lies in extending DHL 459 

research beyond information processing and health-related decision-making to physical 460 

self-concept, while broadening PSE research beyond external sociocultural pressures to consider 461 

digital information environments alongside individual cognitive resources. This perspective 462 

suggests that adolescents' physical self-evaluations may involve both responses to appearance 463 

norms and judgments of physical worth formed when selecting, weighing, and integrating health 464 

information. The positive association between DHL and PSE thus provides empirical support for 465 

understanding individual differences in adolescent PSE through digital health information 466 

competencies, although the specific cognitive processes require further investigation. 467 

4.4 The Serial Mediating Roles of PA and PSE in the Association Between DHL and OSO 468 

The serial indirect effect linking DHL to OSO through PA and PSE was significant, 469 

supporting H4. Adolescence involves rapid physical development, during which 470 
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appearance-related social evaluations increasingly shape physical self-perceptions (Voelker et al., 471 

2015). Longitudinal research among adolescents has identified associations between PA and 472 

indicators such as perceived competence and physical self-worth, providing evidence for the 473 

relationship between exercise participation and body evaluation (Inchley et al., 2011). The 474 

developmental theory of embodiment offers a theoretical basis for considering the significance of 475 

experiences of bodily functionality and agency (Piran et al., 2020). Related studies have examined 476 

the association between PA and PSE in contexts ranging from everyday exercise participation to 477 

exercise interventions (Ojala et al., 2021; Zhang et al., 2024) Evidence from a related study of 478 

autistic adolescents identified a serial indirect association between PA and internalizing problems 479 

through sports friendship quality and social-emotional competence (Zhu, Li, et al., 2025). 480 

The present study incorporated the relationship between PA and PSE into an analytical 481 

framework linking DHL to experiences of OSO among adolescents, identifying a significant serial 482 

indirect association through behavioral engagement and physical self-evaluation. Its theoretical 483 

contribution lies in integrating health behavior and physical self-evaluation into an explanatory 484 

framework for adolescent OSO, providing empirical support for understanding the connections 485 

among digital health competencies, offline exercise participation, and online sexualized 486 

interactions. This finding also offers a basis for examining individual differences in OSO by 487 

combining the emphasis on individual agency in social cognitive theory with the focus on bodily 488 

experiences in objectification theory (Bandura, 2001; Fredrickson & Roberts, 1997). These 489 

sequential relationships represent statistical associations within the hypothesized model; their 490 

temporal ordering and specific mechanisms require further examination through longitudinal or 491 

intervention studies. 492 

5. Conclusions 493 

This study found that higher DHL was associated with fewer experiences of OSO among 494 

adolescents. Both the individual and serial indirect effects through PA and PSE were significant, 495 

and the direct association remained significant after both mediators were included. These findings 496 

suggest that the connection between digital health competencies and online interaction 497 

experiences involves both everyday exercise participation and physical self-evaluation, providing 498 

behavioral and psychological evidence for understanding individual differences in adolescent 499 
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OSO. The findings also suggest directions for prevention research that jointly considers health 500 

information competencies, exercise participation, and PSE. However, the temporal ordering, 501 

causal mechanisms, and intervention effects require further investigation through longitudinal and 502 

experimental studies. 503 

6. Limitations and Future Directions 504 

Several limitations should be acknowledged. First, the model was constructed using total 505 

scale scores, without distinguishing between the subdimensions of DHL and PSE, the activity 506 

components of PA, or specific manifestations of OSO. Treating these constructs as aggregate 507 

measures may obscure dimension-specific associations. Future research could use subscale- or 508 

item-level analyses to identify the roles of different components. Second, the cross-sectional 509 

design limits inferences about causality and temporal ordering. Although the theoretical 510 

framework and statistical findings support the proposed serial mediation model, longitudinal or 511 

experimental intervention designs are needed to examine the long-term associations and 512 

directionality of the pathways among DHL, PA, PSE, and OSO. Third, all data were self-reported 513 

and may be subject to social desirability and recall biases. Future studies could incorporate digital 514 

health information appraisal tasks, wearable device recordings, and ecological momentary 515 

assessment to improve measurement objectivity and the robustness of the findings. Finally, 516 

convenience sampling through an online survey platform, together with the recruitment of 517 

participants primarily from urban schools in a specific region of China, may introduce selection 518 

bias and limit the generalizability of the findings. Future research could employ stratified 519 

multistage probability sampling with broader coverage across regions, urban and rural settings, 520 

and cultural contexts to improve sample representativeness and external validity. 521 
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