
better explain individual variations in PA and SB than 
sex (Eisenmann & Wickel, 2009; Sherar, Cumming, 
Eisenmann, Baxter-Jones, & Malina, 2010). 

Pubertal development refers to progress towards 
the mature state in humans, and can be measured in 
skeletal, dental, reproductive, and/or neuroendocrine 
systems (Cumming et al., 2012). Pubertal develop-
ment is known to influence several aspects of human 
physiology and behavior (Dorn, Dahl, Woodward, & 
Biro, 2006). In the Western context, pubertal develop-
ment appears to explain the sex differences in PA and 
SB of growing children and adolescents (Cumming, 
Standage, Gillison, & Malina, 2008; Rodrigues et 
al., 2010; Sherar, Esliger, Baxter-Jones, & Tremblay, 
2007; Thompson, Baxter-Jones, Mirwald, & Bailey, 
2003). Specifically, differences in PA disappeared 
when maturity-related variation between sexes (i.e., 
girls experience puberty approximately two years 
earlier than boys) was controlled in a Canadian ado-
lescent sample (Thompson et al., 2003). Similarly, 

Introduction

Sex is a well-recognized individual-level correlate of 
physical activity (PA) and sedentary behavior (SB) in 
the adolescent population. In general, boys are more 
physically active than girls (Colley et al., 2011) and, 
though variations exist by type (Leatherdale & Har-
vey, 2015), girls spend more time in SB (Colley et al., 
2013). Given the health benefits of PA and the negative 
health implications of SB (Carson et al., 2016; Poitras 
et al., 2016), health promotion strategies have focused 
on tailoring interventions by sex. However, emerging 
evidence suggests that the roots of the sex differences 
may be more complex, and that understanding sexual 
dimorphism in pubertal development may help to 
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Background: Sex differences in physical activity (PA) and sedentary behavior (SB) are well-established. However, 
recent research suggested that variations in pubertal development may explain sex differences in PA and SB among 
adolescents. Objective: This study examined whether pubertal development mediates the relationship between sex 
and PA, and SB respectively. Methods: The 2012 Korea Youth Risk Behavior Web-based Survey included data from 
74,186 students in grades 7 to 12 (mean age = 14.94 ± 1.8; 48.5% girls). Pubertal development was indicated by the 
year in which the student reported they had experienced menarche for girls and semenarche for boys. Testing for 
mediation involved a bootstrapping resampling approach with self-reported PA and SB as criterion variables and 
taking into account covariates (chronological age, body mass index, school type, household income, and parental 
education). Results: Boys engaged in PA more frequently (3.30 ± 2.1 vs. 2.29 ± 1.7 day/week) and spent less time 
in SB (2.75 ± 1.2 vs. 2.93 ± 1.2 hr/day) than girls. Direct effects were found between sex and PA (β = –0.58 ± .01; 
p < .05), and sex and SB (β = 0.17 ± 0.01; p < .05). Pubertal development did not significantly mediate the relation-
ship between sex and PA (β = 0.00; bias-corrected 95% confidence interval [BC 95% CI] [–0.01, 0.01]). Though 
pubertal development significantly mediated the association between sex and SB, the effect was small (β = 0.01; 
BC 95% CI [0.00, 0.02]). Conclusions: Sex appears to be an important predictor of PA and SB. Nonetheless, it is 
most likely that a combination of individual (e.g., psychological, biological) and sociocultural factors contribute to 
adolescents’ movement behavior. 
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sex differences in SB were attenuated when pubertal 
development was controlled among Portuguese ado-
lescents aged 13 to 16 years (Rodrigues et al., 2010). 
These findings suggest that pubertal development may 
mediate the associations of sex with PA and SB. Sex 
differences in PA and SB are also evident among ado-
lescents in South Korea (Korea thereafter). Specifi-
cally, boys engage in more organized sport, PA, and 
physical education (PE), and less SB than girls (Song 
et al., 2016). As for the role of pubertal development, 
negative direct and mediated effects were observed for 
body fatness, perceived barriers of PA and self-efficacy 
on PA in a sample of Korean girls (Lee, An, et al., 
2016). Furthermore, an indirect effect of pubertal 
development, via body mass index (BMI), on screen 
time existed among a national sample of Korean boys 
(Lee & Spence, 2016). Given these findings, pubertal 
development may also play a role in the apparent sex 
differences in PA and SB among Korean adolescents. 

Examining the potential role of pubertal develop-
ment on PA and SB can offer insights into the foun-
dations of behavior during these formative years. 
Specifically, it may help researchers, policy makers, 
and practitioners to know optimal times to intervene 
(i.e., pre- or post-puberty) for PA promotion among 
adolescents. Furthermore, age-related decline in PA 
and increase in SB may also be explained by taking 
individual differences in pubertal development into 
account (Cumming et al., 2008; Eisenmann & Wickel, 
2009; Goran, Gower, Nagy, & Johnson, 1998; Sherar 
et al., 2007; Thompson et al., 2003). For instance, an 
energy-conserving mechanism occurs in the pubertal 
female body to develop reproductive capacity, result-
ing in decreased total energy expenditure (Goran et al., 
1998). This mechanism, in turn, also explains greater 
increase in energy expenditure and physical capacities 
(i.e., peak oxygen uptake) at the onset of puberty in 
males than females (Bitar, Vernet, Coudert, & Ver-
morel, 2000). Therefore, recognizing pubertal devel-
opment may help researchers to better understand 
potential factors influencing both age and sex differ-
ences in PA and SB among adolescents. Because the 
perception of pubertal development and its influence 
on behavior may vary by demographic characteristics 

(Patton & Viner, 2007; World Health Organization 
[WHO], 2011), identifying whether pubertal develop-
ment attenuates associations of sex with PA and SB in 
different cultural groups is of interest.

The purpose of this study was to examine whether 
pubertal development mediated the relationships of sex 
with PA and SB in a representative sample of Korean 
adolescents. Based on the results of the previous lit-
erature (Cumming et al., 2008; Rodrigues et al., 2010; 
Sherar et al., 2007; Thompson et al., 2003), it was 

hypothesized that pubertal development would medi-
ate these associations. 

Materials and methods

Participants and procedures
The 8th Korea Youth Risk Behavior Web-based Survey 
(KYRBS) was the source of data for this study. The 
KYRBS is an annual, cross-sectional, nationwide 
school-based web survey that monitors health risk 
behaviors among Korean adolescents in Grades 7 to 
12, which is administered by the Korea Centers for Dis-
ease Control and Prevention (KCDC) in collaboration 
with the Ministry of Education, Science, and Technol-
ogy and the Ministry of Health and Welfare (2012). It 
includes a 129-item questionnaire developed by a com-
mittee with expertise in the related fields. Core infor-
mation includes background (e.g., age, sex), health 
behaviors (e.g., smoking, alcohol use, physical activity) 
and health outcomes (e.g., self-reported health, obe-
sity) (KCDC et al., 2012).

Participating schools were selected based on geo-
graphical regions (n = 16) and types of schools (i.e., 
middle schools, regular and specialized high schools). 
Teachers were assigned by principals in each school to 
administer the survey. On a registered date, students 
were led to a computer laboratory by the teacher and 
were asked to read an information letter before begin-
ning the online survey. Participation in the survey was 
anonymous and voluntary. Each survey was adminis-
tered during regular school hours for 40–50 minutes 
(KCDC et al., 2012). The KYRBS received approval 
on the study protocol from the KCDC (approval num-
ber: 11758; KCDC et al., 2012). Detailed information 
regarding the survey methodology, including validity 
and reliability of the KYRBS is published elsewhere 
(KCDC, 2009; Kim et al., 2016). Among 76,980 
students from 400 middle and 400 high schools who 
participated (response rate: 96.4%), those with missing 
values for height and weight (n = 2,794) were excluded, 
leaving a total of 74,186 students (48.5% girls) included 
in the analyses. The age and sex distributions of par-
ticipants were not significantly different between the 
sample included in the analyses and those excluded 
(p > .05). 

Measures
Pubertal development 
The year of menarche (i.e., first menstruation) for girls 
and the year of spermarche (i.e., first ejaculation; also 
refer to as semenarche or oiarche) for boys were used 
as indicators of pubertal development. Menarche is a 
distinctive and commonly used measure of pubertal 
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treated as covariates. These variables were selected 
based on previous research that showed associations 
with the exposure (i.e., sex, pubertal development) 
and PA and/or SB (e.g., Lee, An, et al., 2016; Lee 
& Spence, 2016). Economic status was determined 
based on responses to the question, “What is your 
household’s economic status?”. The response catego-
ries were low, low-to-middle, middle, middle-to-high, 
and high. Parental education levels were obtained by 
asking participants to answer their parents’ education 
attainment. The response options were elementary or 
less (≤ 6 years), middle school (7–9 years), high school 
(10–12 years), and college and above (≥ 13 years). For 
analyses, educational attainment of each parent (i.e., 
father, mother) was categorized into two groups: high 
school graduate or less and post-secondary gradu-
ate or more. Weight and height were self-reported by 
participants. BMI was computed by dividing weight in 
kilograms by height in meters squared (kg/m2). Weight 
status was defined based on the age- and sex -specific 
BMI reference data for South Korean children and ado-
lescents (Moon et al., 2008). Overweight was defined 
as BMI percentile 85.0–94.9th, and obesity as BMI 
percentile ≥ 95.0th.

Statistical analysis
All analyses employed sampling weights provided for 
the KYRBS. Descriptive statistics summarized the 
characteristics of the sample, which were given in terms 
of means and standard deviations or percentages. To 
examine whether pubertal development mediated the 
relationship between (i) sex and PA, and (ii) sex and 
SB, the recommendations suggested by Preacher and 
Hayes (2008) were followed. As shown in Figure 1, path 
c is called the total effect. Based on the assumption that 
the effect of X (sex) on Y (PA or SB) may be medi-
ated by variable M (pubertal development), path c’ is 
called the direct effect. An indirect effect or mediation 
occurs when path c’ is not significant but paths ab are 
significant. Complete mediation occurs when variable X 
no longer affects Y after M has been introduced (path 
c’ = zero). Partial mediation occurs when the path from 
X to Y is reduced in absolute size but remains different 
from zero when the potential mediator is introduced. 

Age, economic status, parental education levels, 
and weight status were included as covariates in all 
mediation models. Total and direct effects were calcu-
lated using multiple linear regressions. Indirect effects 
were calculated employing a bootstrapping resampling 
approach. Specifically, the script version of the INDI-
RECT macro was used to calculate product-of-coeffi-
cients and bias-corrected 95% confidence intervals (BC 
95% CI) based on 1,000 resamples. There are four paths 
in explaining the relationship between sex, pubertal 

timing among girls, while spermarche has also been 
used to estimate pubertal development for boys in pre-
vious studies (Patton & Viner, 2007; WHO, 2011). The 
KYBRS included one multiple-choice item related to 
pubertal development. The question was “When did 
you experience your first menstruation/ejaculation?”. 
Response options were scaled from 1 (have not yet 
experienced) to 14 (Grade 12). For data analyses, 
pubertal development was recoded so that lower scores 
indicated early development and higher scores indi-
cated late development based on the average Grade or 
year of experiencing pubertal development (Grade 6 or 
12 years for girls and Grade 7 or 13 years for boys). For 
example, students who had indicated they experienced 
menarche/spermarche at Grade 12 were recoded to 13, 
and those who had not yet experienced menarche/sper-
marche were recoded to 14. 

Physical activity
Leisure-time PA was assessed using a question trans-
lated from the Youth Risk Behavior Surveillance Sys-
tem (YRBSS) questionnaire (YRBSS, 2016). Validity 
against accelerometry and test-retest reliability of the 
scale were reported previously (Troped et al., 2007). 
In addition, acceptable reliability (kappa = 0.41–0.54) 
of the PA measure among Korean adolescents was 
reported previously (KCDC, 2009). The question 
asked participants to answer the number of days that 
they engaged in PA resulting in heart rate increase 
or shortness of breath for more than 60 minutes. 
Response options were no participation at all (1) to 
seven days a week (8). 

Sedentary behavior
SB was assessed using questions translated from the 
YRBSS questionnaire (YRBSS, 2016). Acceptable 
reliability (kappa = 0.55) of the SB measure among 
Korean adolescents was reported previously (KCDC, 
2009). The questions asked, “Other than educational 
purposes, 1) how many hours a day did you spend in 
your leisure time watching television, playing video 
games, internet surfing, or chatting with friends dur-
ing the last five weekdays and 2) how many hours a 
day did you spend in your leisure time watching tele-
vision, playing video games, internet surfing, or chat-
ting with friends on the last two weekends?”. Items 
were scaled from 1 (< 1 hr/day) to 5 (≥ 4 hrs/day). 
Responses for the two items were weighted and aver-
aged ([weekday × 5 + weekend day × 2]/7). 

Covariates
Chronological age, school type (i.e., middle school, 
regular high school, and specialized high school), eco-
nomic status, parental education levels, and BMI were 
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development, and PA. Path c indicated the association 
between sex and PA whereas path c’ indicated the asso-
ciation between sex and PA after pubertal development 
has been introduced in the model. Path a indicated the 
association between sex and pubertal development, 
and path b indicated the associations between puber-
tal development and PA. This mediation model was 
repeated with SB as a criterion variable. Participants 
who had not experienced menarche or spermarche 
were excluded from the mediation analysis. All analy-
ses were conducted using IBM SPSS Statistics (Version 
21 for Windows; IBM, Armonk, NY, USA).

Results

Table 1 shows the whole- and sub-sample characteris-
tics by sex. The mean age of the sample was 14.96 ± 1.8 
for boys and 14.92 ± 1.7 for girls. The proportions of 
respondents participating in PA for more than 60 min-
utes daily were 7.2% among boys and 2% among girls 
respectively. Weighted average time spent in SB per week 
was higher among girls than boys (2.11 ± 1.0 hr/day vs. 
1.96 ± 1.0 hr/day). Among those who had experienced 
menarche or spermarche (97.3% of girls and 74.5% of 
boys), the mean grade of menarche or spermarche was 
8.13 ± 1.8 for boys and 7.27 ± 1.3 for girls. The average 
grade by which menarche/spermarche were achieved 
were similar to those reported previously (Negriff & 
Susman, 2011; Song et al., 2015).

The results from the mediating analyses are shown 
in Table 2. For the PA model, both the total (c path) 
(β = –0.58 ± 0.01; p < .001) and the direct effect (c’ 
path) (β = –0.58 ± 0.01; p < .001) of sex on PA were 
significant. The path between sex and pubertal devel-
opment (a path) was significant (β = –0.88 ± 0.01; 
p < .001), however, the path between pubertal 
development to PA (b path) was not significant 
(β = 0.00 ± 0.00; p = .86). The bootstrap analyses with 
1,000 samples demonstrated that pubertal develop-
ment did not mediate the relationship between sex and 
PA (β = 0.00; BC 95% CI [–0.01, 0.01]). Therefore, no 
indirect effect was observed. In the SB model, both the 
total (c path) (β = 0.18 ± 0.01; p < .001) and the direct 
effect (c’ path) (β = 0.17 ± 0.01; p < .001) of sex on SB 
were significant. The paths between sex and pubertal 
development (a path) (β = –0.88 ± 0.01; p < .001), and 
between pubertal timing to SB were significant (b path) 
(β = –0.01 ± 0.00; p < .001). The bootstrap analyses 
with 1,000 samples demonstrated that pubertal timing 
significantly mediated the relationship between sex and 
SB (β = 0.01; BC 95% CI [0.00, 0.02]). Therefore, an 
indirect effect existed between sex and SB via pubertal 
development, but the effect was small.

Discussion

This study examined whether pubertal development 
mediated the associations of sex with PA and SB in 

Total effect (path c)

Direct (path c’) and indirect effect/mediation model (path ab)

Sex

(X)

PA/SB

(Y)

c

ba

c’
Sex

(X)

PA/SB

(Y)

Pubertal

development

(M)

Figure 1. Model of the total, direct, and mediated effect of sex on 
physical activity (PA) or sedentary behavior (SB). Complete media-
tion occurs when variable X no longer affects Y after M has been 
introduced (path c’ = 0). Partial mediation occurs when the path from 
X to Y is reduced in absolute size but remains different from zero after 
the potential mediator is introduced. 
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Table 1	  
Sample characteristics by sex – Korea Youth Risk Behavior Web-based Survey, 2012

All sample (N = 74,186) Sub sample‡ (n = 53,347)

Boys (n = 38,221) Girls (n = 35,965) Boys (n = 19,535) Girls (n = 33,812)

Age (M ± SD) 14.96 ± 1.8 14.92 ± 1.7* 15.29 ± 1.7 15.03 ± 1.7*
Height (M ± SD) 169.35 ± 8.3 159.75 ±5.5* 170.79 ± 7.3 159.99 ± 5.2*
Weight (M ± SD) 60.28 ± 12.0 51.82 ± 7.9* 61.55 ± 11.4 52.37 ± 7.7*
Body mass index (kg/m2) (M ± SD) 20.90 ± 3.3 20.26 ± 2.7* 21.01 ± 3.2 20.43 ± 2.6*

Overweight (≥ 85)† 14.6 7.4 14.4 8.0
Menarche or spermarche obtained (%) 74.5 97.3 100 100
Average grade of pubertal development - - 8.13 ± 1.8 7.27 ± 1.3*
School type (%)§

Middle school 48.7 49.4 40.6 47.2
Regular high school 39.3 39.2 45.9 41.2
Specialized high school 12.0 11.4 13.6 11.7

Economic status (%)
Low 8.3 5.0 7.2 4.4
Low to middle 25.1 22.7 24.1 22.0
Middle 44.7 48.9 44.9 49.4
Middle to high 16.6 18.6 18.0 19.2
High 5.4 4.7 5.7 5.0

Parental education (%)
Father ≥ post-secondary graduate 55.6 53.9 52.3 51.7
Mother ≥ post-secondary graduate 52.8 47.2 40.9 39.7

Physical activity/week (%)
None 27.9 46.8 26.2 47.1
1 day 15.4 19.1 15.8 19.2
2 days 16.4 14.4 17.4 14.4
3 days 13.8 9.6 15.0 9.5
4 days 8.3 4.0 8.2 3.9
5 days 7.5 3.0 7.3 2.9
6 days 2.6 1.0 2.8 1.0
7 days 7.2 2.0 7.3 2.0

Physical activity/week (M ± SD) 3.30 ± 2.1 2.29 ± 1.7 3.33 ± 2.1 2.29 ± 1.7
Sedentary behavior (%)

Weekdays
< 1 hour 22.9 20.9 23.5 21.0
1–2 hours 31.7 28.4 32.0 28.2
2–3 hours 23.3 22.7 23.0 22.4
3–4 hours 10.2 12.0 9.7 12.0
≥ 4 hours 11.9 16.0 11.8 16.4

Weekend days
< 1 hour 11.3 9.4 10.8 9.3
1–2 hours 20.9 17.8 20.2 17.4
2–3 hours 25.8 23.5 26.1 22.9
3–4 hours 17.1 18.9 17.3 18.9
≥ 4 hours 24.8 30.4 25.5 31.5

Total sedentary behavior  
([weekday × 5 + weekend day × 2]/7) 
(hour) (M ± SD)

2.75 ± 1.2 2.93 ± 1.2* 2.75 ± 1.2 2.95 ± 1.2*

Note. Data are represented as mean ± standard deviation (M ± SD) or percentage (%).	  
†Overweight ≥ 85 percentile calculated based on the 2007 BMI-for-age in Korean children and adolescents (Moon et al., 2008). 
‡Excluding those who have not yet experienced menarche or spermarche.	  
§Regular high schools include public or private, science, foreign language or international, art and sports schools; spe-
cialized high schools include school specifically focused on education in agriculture, manufacturing, and technology. 
*p < .001 for significant sex difference.
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a representative sample of Korean adolescents. Our 
findings indicated that pubertal development did not 
mediate the relationship between sex and PA. Puber-
tal development partially mediated the relationship 
between sex and SB, the effect was small. 

The key finding of this study is the apparent sex dif-
ferences in PA among Korean adolescents, even after 
the inclusion of pubertal development as a mediator 
in the regression model. This is largely inconsistent 
with the previous findings from samples of American, 
British, Canadian and Portuguese adolescents (Cum-
ming et al., 2008; Rodrigues et al., 2010; Sherar et al., 
2007; Thompson et al., 2003). Such inconsistency may 
be explained by sociocultural factors associated with 
PA. Specifically, traditional gender roles in Korea rein-
forced by Confucianism expect girls to be well-behaved 
and “girly (e.g., passive, nurturing)”; such cultural fac-
tors may reduce opportunities for girls being physically 
active (Im & Choe, 2004). Accordingly, a number of 
studies suggested that gender inequality in a PE setting 
is one of the barriers to PA among Korean girls (Lee, 
Spence, Song, & Jeon, 2015). Specifically, the contents 
(i.e., textbook) and evaluation of the PE curriculum in 
South Korea are more geared towards boys than girls, 
and PE teachers, mostly males, were more actively 
engaging with boys than girls in a co-ed setting (Lee et 
al., 2015). Malina (2008) argued that PA among ado-
lescents is influenced by cultural factors that attached 
differing values and meanings to various types of PA. 
Incorporating such sociocultural factors (e.g., gender 
roles, gender stereotypes, gender-based discrimination 
in PA settings) as well as individual-level differences 
other than biological factors (e.g., psychological corre-
lates of PA) is recommended for future studies aiming 
to better understand sex differences in PA among South 
Korean adolescents. Though sex differences in SB were 

partially explained by pubertal development, the effect 
was trivial. According to the results of the 2016 South 
Korea’s Report Card on Physical Activity for Children 
and Youth (Song et al., 2016), SB was given a F grade 
due to high sitting time in and out of school among 
Korean adolescents. Specifically, the country’s inter-
nationally well-known “education fever” and the aca-
demic pressure that was put on adolescents, they spend 
15 hour/day studying (ICEF Monitor, 2014, January 
23). Korean adolescents also tend to prefer sedentary 
pursuits when they are not studying. For example, in a 
recent study comparing leisure type preference among 
adolescents in China, Japan, and Korea, the most pre-
ferred leisure activity among Korean adolescents was 
surfing the net/playing video games (58.2% in boys 
and 36.4% in girls) (Lee, Yi, Walker, & Spence, 2016). 

Though a previous study reported an indirect effect of 
BMI on SB for boys only (Lee & Spence, 2016), puber-
tal development alone may not fully explain variations 
in SB among Korean adolescents. Rather, the sociocul-
tural context of Korea emphasizing the importance of 
education should be considered. 

Overall, the prevalence of engaging in PA appears 
to be low regardless of sex among Korean adolescents. 
Based on the finding of this study, only 7.2% of boys 
and 2% of girls met the recommended level of PA as 
defined by the WHO (2010) (i.e., 60 minutes of mod-
erate- to vigorous-intensity PA daily). Furthermore, 
given that self-reported PA is often an over estimate 
of actual PA (Adamo, Prince, Tricco, Connor-Gorber, 
& Tremblay, 2009), the compliance to the PA guide-
lines among Korean adolescents may be even lower 
when PA is measured by accelerometry. Contrary to 
the findings for PA, girls spent more time in SB than 
boys. These results, combined with our main results, 
may have important implications for health promotion 

Table 2	  
Total, direct, and indirect effects of the relationships between (1) sex, pubertal development, and physical activity (PA), and (2) 
sex, pubertal development, and sedentary behavior (SB) – Korea Youth Risk Behavior Web-based Survey, 2012 (n = 53,347)

Criterion 
variable

Sex to pubertal devel-
opment (a path)
Coefficient‡ (SE)

Pubertal development 
to PA/SB (b path)
Coefficient (SE)

Total effect of sex on 
PA/SB (c path)
Coefficient (SE)

Direct effect of sex on 
PA/SB (c’ path)
Coefficient (SE)

Bootstrap results for 
indirect effect (ab)†

αβ§ (SE) [95% CI]

PA –0.88 (0.01)* 0.00 (0.00) –0.58 (0.01)* –0.58 (0.01)* 0.00 (0.00)  
  [- 0.01, .01]

SB¶ –0.88 (0.01)* –0.02 (0.00)* 0.18 (0.01)* 0.17 (0.01)* 0.01 (0.00)  
  [0.00, 0.02]

Note. All analyses excluded students who have not experienced menarche or spermarche and were controlled for age, economic status, 
parental education levels, and weight status. SE = standard error.							        
†Bootstrap results based on 1,000 resamples.	  
‡Product-of-coefficient estimate.	  
§αβ = unstandardized regression coefficient.	  
¶Sedentary behavior included watching television, playing video games, surfing the net, and chatting with friends.	  
*p < .001.
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in Korea. First, efforts to increase PA and reduce SB 
should put a particular emphasis on female adolescents 
given the apparent sex differences in these behaviors. 
Furthermore, rather than biological sex per se, under-
standing of the differences in PA and SB between boys 
and girls may be more appropriate from a perspective 
of gender which is defined as a socially and culturally 
constructed state of being male and female. Therefore, 
future research should examine issues and challenges 
associated with gender in various PA contexts. 

The strengths of this study include a representative 
sampling design, a large sample size, and the use of 
contemporary mediation analytic method (i.e., boot-
strapping). Nonetheless, several limitations should 
be acknowledged. Data were collected through a self-
administered questionnaire in which students may have 
over reported their PA levels and under reported their 
SB. Though using an objective measure (e.g., accel-
erometer, heart-rate monitor, and pedometer) would 
more accurately capture the levels of PA and SB, it 
would be challenging and costly in such a large sample 
of over 70,000 adolescents. In addition, though PA was 
measured using single-item, it can be a valid screening 
tool in large-scale epidemiological studies (Johansson 
& Westerterp, 2008; Milton, Clemes, & Bull, 2013). 
Age at menarche and age at spermarche were employed 
to estimate pubertal development. Though these mea-
sures have shortcomings, self-ratings of pubertal status 
are considered acceptable in large population-based 
studies (Dorn et al., 2006). Though it is also impor-
tant to note that the inconsistency of findings between 
this study and previous studies (Cumming et al., 2008; 
Rodrigues et al., 2010; Sherar et al., 2007; Thompson 
et al., 2003) may simply be due to the different mea-
sures employed to assess pubertal development, this 
study was the first attempt to examine the potential 
role of pubertal development on sex differences in PA 
and SB among Korean adolescents, which is largely 
under-studied population group.

Conclusions

In summary, sex appears to be an important predictor 
PA and SB. Nonetheless, it is most likely that a com-
bination of individual (e.g., psychological, biological) 
and sociocultural factors contribute to adolescents’ 
behavior. Therefore, such factors should be taken into 
consideration in future studies examining sex differ-
ences in PA and SB. Furthermore, the results of this 
study contribute to diversifying the literature by adding 
information from the non-WEIRD (Westernized, edu-
cated, industrialized, rich, and democratic) population 
(Henrich, Heine, & Norenzayan, 2010).
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