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Abstract

Background To examine the associations of the independent and combined healthy lifestyle factors with health-
related quality of life (HRQOL) in adolescents, and to test the moderating role of gender.

Methods This cross-sectional study included 5125 adolescents aged between 11 and 20 years. They provided self-
reported data on six healthy lifestyle factors, including never smoking, never drinking, good sleep quality, sufficient
sleep duration, appropriate Internet use, and adequate physical activity. Adolescents’HRQOL was evaluated using the
Pediatric Quality of Life Inventory version 4.0. Linear regression models were conducted to explore the association of
individual and combined healthy lifestyle factors with adolescents’HRQOL. We further performed stratified analyses
and likelihood ratio test to explore the moderating role of gender in these associations.

Results Of the included adolescents, the proportions with 0-2, 3,4, and 5-6 healthy lifestyle factors were 13.6%,
26.4%, 44.3%, and 15.7%, respectively. Compared to adolescents with composite healthy lifestyle scores of 0-2, those
with scores of 3, 4, or 5-6 had significantly higher HRQOL scores across all dimensions, summary scales, and total
scale in both unadjusted and adjusted models. Specifically, adolescents with 5-6 healthy lifestyle factors had a total
scale score that was 19.03 (95%Cl: 17.76 to 20.30) points higher than their counterparts who only had 0-2 healthy
lifestyle factors. Significant dose-response patterns were also observed in aforementioned associations. Gender was
a significant moderator in the associations between composite healthy lifestyle groups and HRQOL scores, except for
the social functioning dimension.

Conclusions Our results confirmed that combined healthy lifestyle factors were associated with improved HRQOL
among adolescents, with a stronger association observed in girls. These findings underscore the necessity for
education and healthcare authorities to design health-promoting strategies that encourage multiple healthy lifestyle
factors in adolescents, with the objective of enhancing their overall health outcomes.
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Introduction

Health-related quality of life (HRQOL) is a subjective
measure that could reflect an individual’s overall health,
encompassing physical, mental, and social well-being
[1]. It is widely used in clinical practice to assess and
monitor patients’ well-being, thereby informing treat-
ment decisions [1-4]. In recent years, HRQOL has been
applied to the general population [5-7]. Previous studies
have found that lower HRQOL scores were associated
with increased risks of hospitalization and even mortal-
ity [8—10]. HRQOL has also been integrated into clinical
practice and public health research for children and ado-
lescents [11].

Various factors, such as age, gender, socioeconomic
status, and the presence of chronic diseases, can influ-
ence HRQOL [12-14]. There is also evidence suggesting
that healthy lifestyle factors, e.g., abstaining from smok-
ing and drinking, maintaining good sleep quality and
sufficient sleep duration, appropriate Internet use, and
engaging in adequate physical activity, are associated
with higher HRQOL scores in children and adolescents
[15-20]. For instance, a cross-sectional study has found
that non-smoking adolescents reported better self-rated
health and life satisfaction compared to active or pas-
sive smokers [15]. Another randomized controlled trial
has shown that adolescents who received interventions
to reduce binge drinking had higher HRQOL scores than
those in the control group [16]. Similar positive associa-
tions have also been found between good sleep health
and better HRQOL in adolescents [17, 18]. In addition, a
cross-sectional study has revealed that adolescents with
adaptive Internet use exhibited fewer depressive symp-
toms and higher HRQOL scores than those with mal-
adaptive and pathological Internet use [19]. Furthermore,
a previous study has found a positive association between
higher level of physical activity and better HRQOL
among Chinese adolescents [20]. While many studies
have addressed the impact of individual lifestyle factors
on HRQOL, research has suggested that these lifestyle
factors often co-occur [21] and are cumulatively linked to
health outcomes [22, 23]. Consequently, there is a need
to further explore the influence of cumulative lifestyle
factors on HRQOL in adolescents, in order to inform
early interventive strategies. However, limited research
conducted in Europe and Australia have explored this
issue in adolescents [24—26]. Since lifestyle patterns and
self-rated HRQOL vary among adolescents from differ-
ent countries due to cultural and socioeconomic differ-
ences [27-29], it is therefore crucial to investigate the
associations between cumulative healthy lifestyle factors
and HRQOL in the context of Chinese culture.

In addition, the role of gender in the associations
between healthy lifestyle factors and health outcomes
remain inconsistent [26, 30]. A longitudinal study con-
ducted in Australia has revealed that compared to
adolescents with 0 or 1 healthy lifestyle factor, those
reporting 4 or 5 healthy lifestyle factors had significantly
higher scores of physical HRQOL in both boys and girls
[26]. However, such impact on the total HRQOL scores
was only significant in boys, but not in girls [26]. Further-
more, a meta-analysis of 38 articles has found no gender
difference in the association between physical activity,
sedentary behavior, and self-rated health among chil-
dren and adolescents [30]. These inconsistent findings
may result from the heterogeneous healthy lifestyle fac-
tors and HRQOL measures that were investigated, high-
lighting the need for further research to clarify the role
of gender in the association between combined healthy
lifestyle factors and HRQOL in Chinese adolescents.

Therefore, in this study, we aimed to explore the asso-
ciation of a composite healthy lifestyle score that was
generated based on smoking status, drinking status, sleep
quality, sleep duration, Internet addiction, and physical
activity, with HRQOL in adolescents attending middle
schools. Stratified analyses and tests for interaction were
further conducted to evaluate the potential moderating
role of gender in this association.

Methods
Study design and population
This cross-sectional study was conducted between
November and December 2021 and recruited middle
school students from the Huangpu district of Guang-
zhou, China. In order to obtain a representative study
sample, we randomly selected six middle schools, pro-
portional to the district’s total number of middle schools.
The selection comprised four junior middle schools and
two combined junior and senior middle schools. We
invited all students from these schools, along with their
parents, to participate in the study. Out of the invited
participants, 6982 adolescents, including 4330 junior
middle school students and 2652 senior middle school
students, with parental consent had completed the
questionnaires, yielding a 90.1% response rate. We then
excluded 1729 adolescents due to incomplete informa-
tion on healthy lifestyle factors and 128 adolescents with
missing data on HRQOL. Ultimately, a total of 5125 ado-
lescents were included in the current analysis.

The present research project was approved by the Eth-
ics Committee of School of Public Health, Sun Yat-sen
University (Reference number: 2021[116]). Prior to the
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survey, parents of each student have signed an informed
consent for their children to participate in this study.

Assessment of health-related quality of life

Adolescents’ HRQOL was evaluated using the Pediatric
Quality of Life Inventory version 4.0 (PedsQL 4.0). This
multidimensional instrument consists of 23 items that
evaluate emotional functioning (5 items), physical func-
tioning (8 items), social functioning (5 items), and school
functioning (5 items) [31-34]. The reliability and valid-
ity of PedsQL 4.0 have been confirmed among Chinese
children and adolescents [35]. Each item was rated based
on a five-point Likert scale ranging from 0 to 4 (O=never
a problem, 1=almost never a problem, 2=sometimes
a problem, 3=often a problem, and 4=almost always a
problem). To calculate HRQOL scores, responses were
reversely scored and linearly transformed into a 0 to 100
scale, where higher scores represented better HRQOL.
The score for each dimension was calculated by averaging
the scores of all items within that dimension. In addition,
the scores of the psychosocial health summary scale were
calculated as the average scores of the emotional, social,
and school functioning dimensions. The total scale scores
were further computed as the average scores of all items
in the questionnaire.

Assessment of composite healthy lifestyle score

Smoking and drinking status were divided into ever
and never users by asking the questions “Have you ever
smoked an entire cigarette?” and “Have you ever had a
glass of wine/beer?’, respectively.

Sleep quality and duration were assessed by the Pitts-
burgh Sleep Quality Index (PSQI) questionnaire [36].
which has been validated and proven to be reliable in
Chinese children and adolescents [37]. The question-
naire measures seven different sleep dimensions, includ-
ing subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbance, use of sleep
medications, and daytime dysfunction. A global PSQI
score ranging from 0 to 21 was calculated by summing
scores of the seven dimensions, with higher scores indi-
cating poorer sleep quality. We defined good sleep quality
as a PSQI global score<7 in Chinese version [37]. Suffi-
cient sleep duration was determined using cutoff values
of 9 h per night for junior middle school students and 8 h
per night for senior middle school students, according to
the Chinese guideline [38].

The Young Diagnostic Questionnaire (YDQ) was
used to assess the addiction level of Internet use [39],
a valid and reliable instrument in Chinese young popu-
lation [40]. The questionnaire consists of eight items
regarding Internet addiction, such as “feeling preoc-
cupied with the Internet”, “feeling the need to use
the Internet for an increasing amount of time”, and
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“unsuccessful efforts to control Internet use”. Each of
the item was dichotomized as either yes (coded as 1)
or no (coded as 0). The cumulative YDQ score was
calculated by adding up the eight items, with higher
scores representing a higher level of Internet addic-
tion. We defined the group with appropriate Internet
use as those with a YDQ score<5 and the group with
Internet addiction as those with a score of 5 or above
[39].

To assess physical activity, the validated Chinese
version of the International Physical Activity Ques-
tionnaire-Short Form (IPAQ-SF) was used [41]. It cov-
ers questions related to the frequency and duration of
vigorous, moderate, and light physical activity, as well
as the daily duration of sedentary behavior, in the past
seven days. We defined adequate physical activity as
having moderate or vigorous physical activity for at
least 60 min per day and having at least 10 min vigor-
ous physical activity for more than three days per week
according to the Physical Activity Guidelines for Chi-
nese adolescents [42].

We assigned 1 point for each of the aforementioned
healthy lifestyle factors: i.e., never smoking, never
drinking, good sleep quality, sufficient sleep duration,
appropriate Internet use, and adequate physical activ-
ity. A composite healthy lifestyle score (range: 0-6
points) was generated by summing the points for these
six healthy lifestyle factors, with higher scores repre-
senting a healthier lifestyle. The composite healthy
lifestyle scores were further reclassified into four
groups according to the distribution among the par-
ticipants: (1) 0—2 healthy lifestyle factors, (2) 3 healthy
lifestyle factors, (3) 4 healthy lifestyle factors, and (4)
5-6 healthy lifestyle factors.

Covariates

Adolescents

Adolescents provided self-reported information on
their age, gender, single child status, primary caregiver,
and boarding school attendance. Single child status was
identified as having only one child in the family (yes) or
having more than one child in the family (no). Primary
caregivers were categorized as either parents or others.
Boarding school attendance was dichotomized as attend-
ing a boarding school (yes) and not attending a boarding
school (no).

Parents

Parental socio-demographic characteristics, includ-
ing age, marital status, and occupational status, were
also collected. Parents self-reported their age and occu-
pational status through online questionnaire. Occupa-
tional status was classified as employed or unemployed.
Marital status was reported by their children, which was
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categorized as currently married or unmarried. The latter
included single, divorced, separated, and widowed.

Statistical analysis
Descriptive statistics for continuous and categorical
variables were presented as means with standard devi-
ation (SD) and frequencies with percentage, respec-
tively. To compare differences in characteristics across
the composite healthy lifestyle groups, one-way analy-
sis of variance (ANOVA) was used for continuous data
and Chi-squared test was applied for categorical data.
To assess trends in characteristics across different
composite healthy lifestyle groups, polynomial com-
parisons were used for continuous data and Mantel-
Haenszel statistic was applied for categorical data.
Linear regression models were established to assess
the associations of both individual and combined
healthy lifestyle factors with HRQOL. Crude models
were first constructed. Then, adjusted models were
further established with adjustment for adolescents’
age, gender, single child status, primary caregiver,
and boarding school attendance, as well as parental
age, marital status, and occupational status. When
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the exposure was the individual healthy lifestyle fac-
tor, models were further mutually adjusted for other
healthy lifestyle factors. When the exposure was the
composite healthy lifestyle groups, dose-response
associations with adolescents’ HRQOL were assessed
with trend tests. The linear regression assumptions of
linearity, normality, homoscedasticity, and absence of
multicollinearity were verified for all models. Results
were reported as beta coefficient () with correspond-
ing 95% confidence intervals (CI). Stratified analy-
ses were further conducted by gender. The potential
moderating role of gender in the association between
healthy lifestyle scores and HRQOL was assessed by
likelihood ratio test.

All data analyses were performed with Stata/SE
17.0. Statistical significance was two-sided with a P
value<0.05.

Results

Of the 5125 adolescents included in the study, 2690
(52.5%) were boys and the average age was 14.6 (SD:
1.6) years. The prevalence of healthy lifestyle factors
was 97.3% for never smoking, 69.4% for never drinking,

Table 1 Comparison of characteristics across the composite healthy lifestyle groups in adolescents

Composite healthy lifestyle score

P value for difference P value for trend

Characteristics 0-2 3 4 5-6
n=699 n=1353 n=2271 n=802
Adolescents
Age (years), mean (SD) 15.2(1.5) 15.0 (1.6) 143 (1.6) 14.0(1.5) <0.001 <0.001
Gender, n (%) <0.001 <0.001
Boy 343 (49.1%) 687 (50.8%) 1148 (50.6%) 512 (63.8%)
Girl 356 (50.9%) 666 (49.2%) 1123 (49.4%) 290 (36.2%)
Single child status, n (%) 0.320 0317
Yes 200 (28.8%) 389 (28.9%) 595 (26.4%) 224 (28.2%)
No 494 (71.2%) 956 (71.1%) 1661 (73.6%) 571 (71.8%)
Primary caregiver, n (%)
Parents 640 (93.2%) 1269 (95.6%) 2145 (96.1%) 765 (96.1%) 0.009 0.006
Others 47 (6.8%) 58 (4.4%) 87 (3.9%) 31 (3.9%)
Boarding school attendance, n (%) <0.001 <0.001
Yes 518 (75.0%) 1004 (75.0%) 1503 (67.1%) 460 (58.5%)
No 173 (25.0%) 334 (25.0%) 738 (32.9%) 326 (41.5%)
Parents
Maternal age (years), mean (SD) 421 (4.5) 419 4.2) 413 (4.3) 406 (46) <0.001 <0.001
Paternal age (years), mean (SD) 447 (4.8) 44.6 (4.6) 438 (4.7) 429 @47) <0.001 <0.001
Marital status, n (%) 0.021 0.003
Married 656 (93.8%) 1276 (94.3%) 2162 (95.3%) 776 (96.9%)
Unmarried 43 (6.2%) 77 (5.7%) 107 (4.7%) 25 (3.1%)
Maternal occupational status, n (%) 0.872 0.726
Employed 569 (81.5%) 1111 (82.6%) 1849 (81.7%) 652 (81.4%)
Unemployed 129 (18.5%) 234 (17.4%) 414 (18.3%) 149 (18.6%)
Paternal occupational status, n (%) 0.103 0.024
Employed 627 (90.5%) 1232 (92.5%) 2090 (93.1%) 739 (93.4%)
Unemployed 66 (9.5%) 100 (7.5%) 155 (6.9%) 52 (6.6%)

Abbreviation: SD: Standard deviation
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Fig. 1 Comparison of adolescents’HRQOL across the composite healthy lifestyle groups

82.0% for good sleep quality, 12.6% for sufficient sleep
duration, 83.2% for appropriate Internet use, and 15.3%
for adequate physical activity. In terms of the combined
healthy lifestyle factors, the proportions of adolescents
with 0-2, 3, 4, and 5-6 healthy lifestyle factors were
13.6%, 26.4%, 44.3%, and 15.7%, respectively. In general,
compared to adolescents with 0-2 healthy lifestyle fac-
tors, those with a composite healthy lifestyle score of
5-6 tended to be younger, were more likely to be boys,
have parents as their primary caregivers, and not attend
boarding schools. The parents of adolescents with a
composite healthy lifestyle score of 5-6 were also more
likely to be younger and married compared to the group
with a composite healthy lifestyle score of 0-2 (Table 1).
Furthermore, as the composite healthy lifestyle score
increased, the HRQOL scores across all HRQOL dimen-
sions, summary scales, and total scale were significantly
higher (Fig. 1).

The association between the six individual healthy
lifestyle factors and adolescents’ HRQOL is displayed
in Table 2. In crude models, all healthy lifestyle factors
were significantly associated with higher HRQOL scores
across all dimensions, summary scale, and total scale.
After including covariates and mutually adjusting for
other healthy lifestyle factors, each healthy lifestyle factor
maintained its association with higher HRQOL scores,
although the risk estimates were attenuated and some of

the associations became statistically non-significant. Spe-
cifically, for the HRQOL total scale score, the effect esti-
mates (f3) of the associations were 4.30 for never smoking
(95% CI: 2.16, 6.43), 2.36 for never drinking (95% CI: 1.57,
3.14), 13.93 for good sleep quality (95% CI: 12.99, 14.86),
1.63 for sufficient sleep duration (95% CI: 0.58, 2.67), 8.89
for appropriate Internet use (95% CI: 7.94, 9.84), and 1.67
for adequate physical activity (95% CI: 0.79, 2.56).

Table 3 presents the association between the compos-
ite healthy lifestyle groups and HRQOL scores in ado-
lescents. Compared to adolescents with a composite
healthy lifestyle score of 0-2, those with scores of 3, 4,
or 5-6 had significantly higher HRQOL scores across all
dimensions, summary scales, and total scale. These sig-
nificant associations persisted in the adjusted models.
Notably, when compared to adolescents with a compos-
ite healthy lifestyle score of 0-2, those reporting 5 or 6
healthy lifestyle factors had significantly higher scores of
emotional functioning (8=28.71, 95% CI: 26.69, 30.73),
social functioning (8=15.13, 95% CI: 13.62, 16.64), school
functioning (8=19.42, 95% CIL: 17.73, 21.10), physical
functioning (8=12.85, 95% CI: 11.52, 14.18), psycho-
social health summary scale (8=21.09, 95% CI: 19.68,
22.49), and total scale (8=19.03, 95% CI: 17.76, 20.30).
Specifically, significant dose-response associations were
observed between the composite healthy lifestyle groups
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Table 2 Association between individual healthy lifestyle factor and adolescents’ HRQOL
B (95% Cl)
Never smoking Never drinking Good sleep quality  Sufficientsleep  Appropriate Adequate phys-
duration Internet use ical activity

Emotional

functioning
Crude model 1037 (6.79,13.95)  7.20 (5.94,8.46) *
Adjusted 5.08(1.68,847)* 3.82(257,507)*
model °

Social functioning

26.84(25.49,28.18) *

2263 (21.14,24.12) *

8.15(6.39,9.91) *

2.83(1.15,4.50) *

17.13 (15.63,
18.63) *
11.82 (1031,
13.32)*

3.85(2.31,540)*

1.06 (-0.35, 2.47)

Crude model 563(3.15,811)* 353 (265,441)* 1274 (11.74,13.74)*  371(249,494)* 940(834,1045* 1.83(0.77,2.90) *
Adjusted 2.12(-051,4.75) 146 (0.50,243)* 11.36(10.21,1251)*  1.20(-0.09, 2.50) 6.79 (5.62,7.95) * 1.76 (0.67, 2.85) *
model ®

School functioning
Crude model  13.72(10.85, 6.84(5.83,7.85) %  16.58(1543,17.72)*  451(3.09,594)* 13.30(12.09, 299 (1.74,4.24) *

16.58) * 14.51)*

Adjusted 8.19(5.26,11.12)* 3.20(2.12,4.28) * 1298 (11.70,1427)*  146(0.02,291)* 9.82(852,11.12)*  1.02(-0.20,2.24)
model ®

Physical functioning
Crude model 2.50(0.26,4.74)* 1.73(0.94,253)* 10.72 (9.81,11.63) * 3.10(2.00,4.20)*  868(7.73,9.63)* 466 (3.71,561)*
Adjusted 1.79 (-049,4.07) 094 (0.11,1.78) * 8.72(7.73,9.72) * 1.01 (-0.11,2.13) 7.14(6.13,8.15) * 2.85(1.91,3.79) %
model

Psychosocial health summary score

Crude model 9.91(741,1241)* 586 (4.98,6.73) * 18.72(17.78,19.66) * 546 (423,669 *  13.28(12.24, 2.89(1.81,3.97) %
14.31)*

Adjusted 5.13(2.76,750)* 2.83(1.95,3.70) * 15.66 (14.62,16.70)*  1.83(0.66,3.00)* 947 (842,1053)* 1.28(030,227)*

model @

Total scale score

Crude model 8.06(5.79,10.32)* 4.83(4.03,562)* 16.72 (1586,17.57)*  4.87(3.75598)* 12.13(11.19, 3.33(2.36,4.31) %
13.06) *

Adjusted 430(2.16,643)* 236(1.57,3.14)* 13.93(12.99, 14.86) * 1.63(0.58,2.67)* 889 (7.94,9.84)* 1.67(0.79,2.56) *

model ®

Abbreviation: HRQOL, Health-related quality of life; Cl, confidence interval

2 Adjusted models were controlled for adolescents’ characteristics (age, gender, single-child status, primary caregiver, and boarding school attendance), parental
characteristics (age, marital status, and occupational status), and other types of healthy lifestyle factors

and the HRQOL scores for all dimensions, summary
scales, and total scale in both crude and adjusted models.

The associations of the composite healthy lifestyle
groups with adolescents’ HRQOL scores were further
evaluated by their genders (Table 4). In both gender
groups, significant dose-response associations were
observed between the composite healthy lifestyle groups
and higher HRQOL scores across all dimensions, sum-
mary scales, and total scale (all P value for trend <0.001).
We also found that gender was a significant moderator in
the associations of the composite healthy lifestyle groups
with emotional functioning, school functioning, physi-
cal functioning, psychosocial health summary scale, and
total scale (all P value<0.05), with girls being more sen-
sitive to healthy lifestyle factors than boys. In contrast,
the moderating role of gender in the association between
composite healthy lifestyle groups and social functioning
was not statistically significant (P value=0.352).

Discussion

In this cross-sectional study, we found that healthy lifestyle
factors, including never smoking, never drinking, good sleep
quality, sufficient sleep duration, appropriate Internet use,
and adequate physical activity, were independently associ-
ated with better HRQOL in adolescents. In addition, the
composite healthy lifestyle scores showed a dose-response
pattern with HRQOL across all dimensions, summary
scales, and total scale. Gender was a significant moderator
in the association between the composite healthy lifestyle
scores and different HRQOL dimensions, summary scales,
and total scale, with the exception of the social functioning
dimension. Girls were found to be more sensitive to healthy
lifestyle factors than boys.

Our findings of the positive associations between com-
posite healthy lifestyle scores and adolescents’ HRQOL were
in line with previous studies conducted in European coun-
ties [24, 25]. One study in Spain has considered five healthy
lifestyle factors, including physical activity, adherence to the
Mediterranean diet, sleep quality, sleep duration, and screen
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Table 3 Association between composite healthy lifestyle groups and adolescents’ HRQOL
B (95% Cl) by composite healthy lifestyle groups P
0-2 3 4 5-6 value
for
trend

Emotional functioning

Crude model Ref 14.15 (12,40, 15.90) * 25.67 (24.05,27.30) * 29.72 (27.78,31.67) * <0.001

Adjusted model ¢ Ref 13.82(12.04, 15.60) * 25.75(24.07,27.43) * 2871 (26.69,30.73) * <0.001
Social functioning

Crude model Ref 8.04(6.75,932) * 13.20(12.01,14.40) * 14.86 (13.44,16.29) * <0.001

Adjusted model®  Ref 7.87(6.53,9.21) * 1335(12.09, 14.61) * 15.13(13.62, 16.64) * <0.001
School functioning

Crude model Ref 947 (8.03,1091) * 1843 (17.09,19.76) * 2140 (19.80, 23.00) * <0.001

Adjusted model®  Ref 8.75(7.26,10.24) * 17.28 (15.88,18.68) * 1942 (17.73,21.10) * <0.001
Physical functioning

Crude model Ref 5.86 (4.69,7.02) * 10.50(9.42,11.58) * 1333(12.04,14.63) * <0.001

Adjusted model*  Ref 5.82 (4.65,7.00) * 10.63 (9.53,11.74) * 12.85(11.52,14.18) * <0.001
Psychosocial health summary score

Crude model Ref 10.55(9.35,11.76) * 19.10(17.98,20.22) * 2199 (20.65,23.33) * <0.001

Adjusted model*  Ref 10.15(8.90, 11.39) * 18.79(17.62,19.96) * 21.09 (19.68, 22.49) * <0.001
Total scale score

Crude model Ref 9.38(8.28,1047) * 16.95(15.93,17.97) * 19.83 (18.61,21.05) * <0.001

Adjusted model*  Ref 9.07 (7.94,10.19) * 16.75(15.70,17.81) * 19.03 (17.76,20.30) * <0.001

Abbreviation: HRQOL, Health-related quality of life; Cl, confidence interval

2 Adjusted models were controlled for adolescents’ characteristics (age, gender, single child status, primary caregiver, and boarding school attendance) and parental

characteristics (age, marital status, and occupational status). * P value<0.05

time [24]. The results indicated that the number of healthy
lifestyle factors was positively associated with HRQOL
scores measured by the KIDSCREEN-10 questionnaire
[24]. Another cross-sectional study of 5024 adolescents has

included healthy lifestyle factors of physical activity, screen-
based time, sleep duration, fruit and vegetable consump-
tion, drinking, and smoking, and demonstrated a significant
association of the composite healthy lifestyle measure with

Table 4 Gender-specific association between composite healthy lifestyle groups and adolescents’HRQOL

B (95% Cl) by composite healthy lifestyle groups Pvalue Pvaluefor
0-2 3 4 5-6 for trend interaction
Emotional functioning <0.001
Boys Ref 13.80(11.33,16.28)* 2243 (20.09,24.78) * 2529 (22.62,27.96) * <0.001
Girls Ref 13.67 (11.11,16.22) * 2899 (26.60, 31.39) * 32.93(29.82,36.04) * <0.001
Social functioning 0.352
Boys Ref 9.00 (7.07,10.94) * 14,00 (12.17,15.84) * 16.19 (14.10,18.28) * <0.001
Girls Ref 6.75(4.91,8.60) * 12.74(11.01,14.47) * 14.01(11.76,16.25) * <0.001
School functioning 0.044
Boys Ref 8.13(5.98,10.28) * 15.85(13.81,17.89) * 17.97 (15.65, 20.28) * <0.001
Girls Ref 9.26(7.20,11.32)* 1862 (16.69, 20.55) * 21.30(18.79,23.81) * <0.001
Physical functioning <0.001
Boys Ref 462 (3.09,6.15) * 826 (6.81,9.71) * 10.12 (847,11.76) * <0.001
Girls Ref 6.86 (5.08,8.65) * 1290 (11.23,1457) * 16.30(14.13,1847) * <0.001
Psychosocial health summary score 0.003
Boys Ref 1031 (851,12.11)* 17.43(15.72,19.13) * 19.82(17.88,21.75) * <0.001
Girls Ref 9.89(8.17,1161)*  20.12(1851,21.73) * 22.75(20.65, 24.84) * <0.001
Total scale score <0.001
Boys Ref 8.89(7.29,1048)*  15.14(13.62,16.65) * 1739(1567,19.11) * <0.001
Girls Ref 9.14(7.56,10.71) * 18.31(16.84,19.79) * 21.13(19.22,23.05) * <0.001

Abbreviation: HRQOL, Health-related quality of life; Cl, confidence interval

Models were controlled for adolescents’ characteristics (age, single child status, primary caregiver, and boarding school attendance) and parental characteristics

(age, marital status, and occupational status). * P value <0.05
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better self-rated health and higher HRQOL [25]. Simi-
lar findings have also been reported in studies focusing on
other outcomes in children and adolescents [43, 44]. For
example, a cross-sectional study has found that a lower
number of healthy lifestyle factors was associated with
higher risks of depressive symptoms among Chinese ado-
lescents [43]. Moreover, a nationwide cross-sectional study
in China has shown that compared with adolescents who
had a healthy lifestyle, those with an unhealthy lifestyle had
a higher risk of obesity [44].

The mechanisms underlying the positive association
between healthy lifestyle factors and HRQOL scores are not
yet fully understood. Several possible explanations might
account for such associations. First, previous studies have
indicated that healthy lifestyle factors could reduce chronic
inflammatory levels, subsequently leading to improved
HRQOL [45-47]. Second, unhealthy lifestyle factors such
as sleep problems and Internet addiction have been shown
to be associated with stress and negative emotions, which
might stimulate the hypothalamic-pituitary-adrenal axis,
increase cortisol levels, and ultimately lead to mental prob-
lems in adolescents, resulting in worse HRQOL [48-52].
Conversely, healthy lifestyle factors can help maintain bet-
ter HRQOL among adolescents. Third, appropriate Internet
use is beneficial to facilitate technical skills, social connec-
tion, and communication in adolescents, thereby promoting
their mental well-being and ultimately better HRQOL [53,
54]. Therefore, the significant association between healthy
lifestyle factors and better HRQOL was plausible.

Our study also found a moderating role of gender in the
association between cumulative healthy lifestyle scores
and adolescents’ HRQOL across all dimensions, except for
social functioning. Although there are limited similar stud-
ies to compare with, this finding aligns with previous stud-
ies that have identified gender-specific associations between
healthy lifestyle factors and other health-related outcomes
in adolescents [43, 55]. For example, a cross-sectional study
among 3967 Chinese adolescents aged 11-19 years has
observed a stronger association between the number of
unhealthy lifestyle factors and depressive symptoms in girls
compared to boys [43]. Similarly, research conducted in
India has also found a link between cumulative unhealthy
lifestyle factors and obesity in girls, while boys only exhib-
ited an increased BMI [55]. However, contradictory find-
ings were reported in another study in China, which has
shown a relatively larger effect size in boys compared to girls
regarding the association between reduced weekend sleep
duration and abdominal obesity [56]. One possible explana-
tion of the discrepancies might be attributed to the diverse
healthy lifestyle factors investigated across different studies.
In addition, while most prior studies focused on a specific
health outcome, our study employed a multidimensional
construct that could reflect the overall self-rated health.
Nevertheless, further studies are still needed to explore the
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possible gender-specific association between the combined
healthy lifestyle factors and HRQOL in young populations,
and to uncover the possible underlying mechanisms.

Our study benefited from a large sample size, which
allowed us to conduct analyses with sufficient statistical
power. By using HRQOL as the outcome, we were able to
assess the overall health of the young population. In addi-
tion, we assessed not only the impact of individual healthy
lifestyle factors, but also the combined impact of these
healthy lifestyle factors on adolescents’ HRQOL. We also
evaluated the moderating role of gender in this associa-
tion to identify sensitive populations. Nevertheless, several
limitations should be acknowledged as well. First, due to
the cross-sectional nature of the study, we were unable to
establish a causal relationship between the exposure and
the outcome. Future longitudinal studies are needed to bet-
ter understand the temporal association between healthy
lifestyle factors and adolescents’ HRQOL. Second, our par-
ticipants were recruited exclusively from one megacity. The
generalizability of the findings should be considered with
caution. Third, although a healthy diet has been recognized
as a critical healthy lifestyle factor associated with HRQOL
in adolescents [57], we did not include it in our study due
to data unavailability. Fourth, we utilized the composite
healthy lifestyle scores in our analyses, assuming each life-
style factor equally impacts HRQOL. While this approach
might not reflect the real-life situation, it is straightforward
and can be easily understood by adolescents during preven-
tive interventions. Furthermore, we have assessed the asso-
ciations with consideration of different weighting for each
lifestyle factor in sensitivity analysis (data not shown) and
the findings were consistent, indicating the reliability of
our conclusions. Last, while several confounders were con-
trolled in the multivariate analyses, unmeasured confound-
ers and modifiers may still be present [58—60].

Conclusions

In conclusion, we found that adherence to an overall healthy
lifestyle, including never smoking, never drinking, good
sleep quality, sufficient sleep duration, appropriate Inter-
net use, and adequate physical activity, was associated
with higher HRQOL scores in adolescents. In addition, the
associations tended to be stronger in girls. These findings
implied that health education and public health interven-
tions aimed at promoting healthy lifestyle factors in ado-
lescents may be an effective strategy for improving their
HRQOL, especially among girls. However, further random-
ized controlled trials are needed to confirm the conclusion.
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