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Abstract 

Purpose: To investigate associations of five typical lifestyle-related behavioral risk factors (insufficient physical activity, 
prolonged screen viewing, deprived sleeping, consumption of fast food and sugar-sweetened beverage) with health-
related quality of life (HRQoL) among school students in China.

Methods: Students aged 9–17 years (grades 4–12) were randomly selected from primary and high schools in Nan-
jing, China, to participate in this cross-sectional study in 2018. The outcome variable, HRQoL, was assessed using the 
Child Health Utility 9D (CHU9D) instrument and scored from 0 (worst) to 1 (best). Physical activity (including screen 
viewing and sleeping) and dietary intake were measured using a validated Physical Activity Scale and Food Frequency 
Questionnaire, respectively. Lifestyle-related behaviors were categorized as sufficient/insufficient or no/yes, and their 
associations with HRQoL were assessed using mixed-effects linear regression models.

Results: Overall, 4388 participants completed the questionnaire (response rate = 97.6%). Students with insufficient 
physical activity [mean difference (MD) = − 0.03; 95% confidence interval (CI) = − 0.04, − 0.01], prolonged screen 
time (MD = − 0.06; 95% CI = − 0.07, − 0.04), insufficient sleeping time (MD = − 0.04; 95% CI = − 0.07, − 0.02), con-
sumption of sugar-sweetened beverage (MD = − 0.02; 95% CI = − 0.03, − 0.01) or fast food intake (MD = − 0.03; 95% 
CI = − 0.04, − 0.02) reported significantly lower HRQoL scores. When considered additively, each additional lifestyle-
related risk factor was associated with an average decrease of 0.03 units (95% CI: − 0.03, − 0.02) CHU9D score.

Conclusions: For Chinese students, HRQoL was positively associated with physical activity and sleep duration, but 
negatively with screen time and consumption of sugar-sweetened beverage and fast food. Moreover, lifestyle-related 
behaviors may have an additive effect on HRQoL.
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Background
Health related quality of life (HRQoL) is a broad and 
multi-dimensional measure of an individual’s perceived 
physical and mental health, which usually includes 

self-perceptions regarding disease symptoms or health 
conditions, side effects, functional status across differ-
ent life domains, and life quality and satisfaction [1–3]. 
HRQoL has recently been used to evaluate effects of life-
style and behavior intervention programs for children 
and adolescents from a public health perspective [4, 5]. 
Consequently, it is important to better understand the 
relationship between lifestyle-related behavior factors 
measured in population-based lifestyle and behavior 
interventions and HRQoL in this population.
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Lifestyle and behavior patterns, including physical activity 
(PA), sedentary behavior (SB, indicated as screen time, ST), 
sleeping time (predicted by total sleep duration, TSD) and 
fast food (FF) consumption, were identified to be associ-
ated with HRQoL among adolescents in Western societies 
[6–12]. There are positive associations between PA, TSD 
and HRQoL [6–11], but negative associations of SB and FF 
consumption with HRQoL [6–10]. Moreover, an Austral-
ian study of school students with 5-year follow-up showed 
that the more lifestyle-related behavior risk factors (low PA, 
high SB, high FF consumption, high sugar-sweetened bev-
erages (SSB) consumption) participants recorded, the lower 
HRQoL they reported [12].

China is the most populous country in the world with the 
largest number of children and adolescents. One Chinese-
based investigation, a pilot study conducted by our research 
team in May of 2013, has examined the associations of PA 
and TSD with HRQoL among school students, showing a 
positive association for both risk factors with HRQoL [13]. 
It is important to further explore the relationship between 
lifestyle-related behaviors and HRQoL among Chinese stu-
dents using data from large well-designed population stud-
ies. To fill this knowledge gap we conducted a school-based 
questionnaire survey among students in Nanjing Municipal-
ity, China, with the aims: (1) to examine individual associa-
tions of PA, ST, TSD, FF consumption, SSB consumption 
with HRQoL; and (2) to investigate the combined effect of 
these five lifestyle-related behavior factors on HRQoL.

Methods
Study participants and sampling approach
Data were collected as part of a cross-sectional survey, 
The Built Environment and Chronic Health Conditions: 
Children (BEACH-Children) Study, which was con-
ducted among primary and high school students during 
May and June of 2018 in Nanjing, a mega-city in east-
ern China. The BEACH-Children Study had three broad 
objectives: to explore the association between built envi-
ronment attributes and PA/obesity; to examine the rela-
tionship between lifestyle-related behavioral patterns and 
HRQoL; and to investigate health literacy prevalence and 
its associated characteristics.

The study city, Nanjing, had more than eight million reg-
istered inhabitants residing in 12 administrative districts in 
2018 [14].There were approximately 667,300 enrolled pri-
mary, junior and senior high school students in the 2017–
2018 academic year, with approximately 40 students per class 
[15]. BEACH-Children study participants were those aged 
9–17 years from school grades 4–12 (primary, grade 4–6; jun-
ior, grade 7–9; senior, grade 10–12) within all 12 districts.

The sample size estimation and participants’ selection 
have been described in detail elsewhere [16]. Briefly, the 
sample size for the BEACH-Children Study was determined 

so that the study would have sufficient statistical power to 
simultaneously test the three original hypotheses, account-
ing for the multi-stage cluster sampling approach and the 
cross-sectional study design. Then, it was estimated that 
approximately 3900 participants should be recruited. Poten-
tial participants were identified using random digits. First, 
one primary, junior and senior high school was randomly 
selected from each of the 12 districts. Next, one class from 
each target grade in the chosen schools was selected, giving 
108 selected classes from 36 schools in 12 districts. All stu-
dents within each selected class were invited to participate.

We obtained written informed consent from both partici-
pating schools and students’ parents/ guardians. This study 
was approved by The Academic and Ethics Committee of 
Nanjing Municipal Center for Disease Control and Preven-
tion, China (2017006). All identifiable participant informa-
tion was removed before data analysis.

Data collection
Participants completed a questionnaire which collected 
information on demographic and social characteristics. 
Specific sub-scales were used to gather data on HRQoL, 
PA, ST, TSD, and FF and SSB consumption, academic 
performance and general health status. On the des-
ignated questionnaire day, participants were asked to 
complete the survey within their regular classroom. To 
warrant the maximal response rate, (1) we discussed the 
specific survey date with participating schools one by one 
in order to have students engaged in as possible; and (2) 
one classroom teacher and two research team members 
were available within each class to provide on-site assis-
tance upon request. Parental educational attainment 
was recorded by students and checked by their class-
room teachers. In China, when children registered with 
a school, they were required to provide the school their 
family’s primary data including home address, parents’ 
age and educational level, etc. Participants’ body weight 
and height were objectively measured inside a quiet room 
by research team members, each reading was taken twice 
and the mean value was used for analysis.

Study variables
Outcome variable
HRQoL was assessed with the validated Chinese ver-
sion of Child Health Utility 9D (CHU9D-CHN) [13], 
whose scoring algorithm was specifically developed 
for children and adolescents in China [17]. CHU9D is a 
newly developed preference-based generic instrument 
of HRQoL, specifically for assessing cost-effectiveness of 
clinical treatment or/and public health intervention pro-
grams particularly for children and adolescents [18]. The 
CHU9D utility score, ranging from 0 (worst) to 1 (best), 
was analyzed as continuous variable in our study.
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Explanatory variables
Physical activity
The validated Item-specific Physical Activity Scale for Chi-
nese Children and Adolescents (I-PASCA) was applied to 
gather information on participants’ physical activity in the 
previous 7 days [19]. The total time for each PA item was 
calculated by multiplying duration per session and fre-
quency per week. A specific metabolic equivalent (MET) 
value was designated for each PA item, before each activity 
was classified as light-intensity (MET: < 3), moderate-inten-
sity (MET: 3–6) or vigorous-intensity (MET: ≥ 6) [20]. The 
total weekly moderate-to-vigorous PA (MVPA) time (mod-
erate-PA time plus doubled vigorous-PA time) was calcu-
lated and converted to daily MVPA time. According to PA 
recommendation for Chinese children and adolescents, 
sufficient PA was defined as “at least 60  min/day MVPA 
plus ≥ 3  days/week muscle/bone-strengthening” [21]. Par-
ticipants were categorized as “not achieving sufficient PA” 
or “achieving sufficient PA” for analysis.

Screen time and total sleep duration
Screen viewing was used to indicate sedentary behav-
ior and was reported as part of I-PASCA. Average daily 
screen time was calculated and classified as: “without 
prolonged screen time (viewing screen < 2  h/day)” or 
“with prolonged screen time (viewing screen ≥ 2 h/day)” 
[21]. Sleep time was recorded as typically daily total sleep 
duration using I-PASCA too. Participants were asked 
to self-report the average sleep hours in total per day 
(including nap time) they slept in the last 7  days. TSD 
was categorized as “insufficient” or “sufficient” based 
on the age-specific guidelines issued by National State 
Council of China [22].

Fast food and sugar‑sweetened beverages consumption
A validated food frequency questionnaire (FFQ) designed 
to assess dietary intake specifically for Chinese children 
and adolescents was used to collect information on food 
consumption, including FF and SSB, over the previous 
7  days [23]. Considering that the mean value of FF and 
SSB consumption frequency was very small (0.61 serves/
week for FF, 1.43 serves/week for SSB), we categorized 
participants into two sub-groups for analysis: weekly con-
sumed FF/SSB (“Yes”) or did not consume FF/SSB (“No”).

Simultaneous engagement in risk behaviors
A risk factor index (RFI) was created to examine the joint 
association of lifestyle-related behaviors with HRQoL. 
The RFI was computed as the total number of risk life-
style-related behaviors a participant engaged in. Five 
typical lifestyle-related risk behaviors/factors were con-
sidered: insufficient PA, prolonged ST, insufficient TSD, 
weekly consumption of FF, and weekly intake of SSB. The 

RFI ranged from 0 (no risk behaviors) to 5 (all risk behav-
iors identified).

Demographic and social characteristics
The following demographic and social characteristics 
were collected and included in multivariable regression 
models as covariables: participants’ age, gender, resi-
dence, parental educational level and school type. Age 
was included as a continuous variable, while all other 
characteristics were treated as categorical variables (gen-
der, boys/girls; residence, rural/suburban/urban; paren-
tal educational attainment, ≤ 9  years/10–12  years/13+ 
years; and school type, primary/junior high/senior high) 
in the analysis. Body weight status was defined as “under-
weight/normal”, “overweight” or “obesity” based on body 
mass index (BMI) recommendations for Chinese school-
aged children and adolescents [24].

Statistical analysis
Summary statistics are presented as mean (standard devia-
tion, SD) or frequency (percentage). Associations between 
participant characteristics and school type were compared 
using the chi-square test. Associations between partici-
pant characteristics and HRQoL utility scores were com-
pared using Students t-test. To investigate the associations 
between lifestyle-related behaviors and HRQoL, mixed-
effects linear regression models were used and effect esti-
mates were reported as the mean difference (MD) and 95% 
confidence interval (CI). First univariable models were 
run, with each lifestyle-related behavior included as the 
main effect, then multivariate models were run with age, 
gender, BMI, school type, residence, and parental educa-
tional attainment included as covariables. In all models 
‘school class’ was included as a random effect to account 
for possible non-independence of response from children 
within the same class. A P value < 0.05 (two sided test) was 
considered as significant. The data was double-entered 
with EpiData 3.1 (The EpiData Association 2008, Odense, 
Denmark) and analyzed by SPSS version 20.0 for Windows 
(SPSS Inc., Chicago, IL, USA).

Results
Participant characteristics
Of the 4498 students eligible to take part in the study, 
4388 completed the survey (response rate = 97.6%). 
There were no significant differences between those who 
did and did not complete the questionnaire in terms of 
gender, grade and residence. Table  1 displays partici-
pants’ characteristics and lifestyle-related behavior pat-
terns by school type. Overall, 36.5%, 33.2% and 30.3% of 
respondents were primary, junior high and senior high 
school students, respectively; the mean age (SD) was 13.9 
(2.5) years; 50.2% were boys.
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Individual associations between risk factors and HRQoL 
utility scores
The overall mean HRQoL utility score (SD) was 0.78 
(0.17). Table 2 shows the association between each of the 
five lifestyle-related behaviors and HRQoL utility scores. 
The HRQoL utility score decreased as children aged 
(from 0.84 ± 0.16 for primary students, to 0.78 ± 0.16 for 
junior high students and to 0.73 ± 0.18 for senior high 
students), but increased as parental educational attain-
ment increased (from 0.76 ± 0.17 for junior high or less 

schooling to 0.78 ± 0.16 for senior high schooling and 
0.80 ± 0.18 for college or greater schooling).

Participants with insufficient PA and TSD reported lower 
HRQoL utility scores after adjustment for potential con-
founding variables (MD = − 0.03; 95% CI = − 0.04, − 0.01 
and MD = − 0.06; 95% CI = − 0.07, − 0.04 respectively), 
while participants with excess ST, consumption of FF and 
SSB recorded lower HRQoL utility scores (MD = − 0.04; 
95% CI = − 0.07, − 0.02; MD = − 0.02; 95% CI = − 0.03, 
− 0.01, and MD = − 0.03; 95% CI = − 0.04, − 0.02 

Table 1 Selected characteristics of participants by school type in this study

a Chi-square test
b SD standard deviation
c Body weight status was categorized based on age- and gender-specific recommendations for Chinese adolescents
d Sufficient physical activity refers to at least 60 min/day moderate-vigorous intensity physical activity plus ≥ 3 days/week muscle/bone-strengthening; while 
insufficient physical activity means less than 60 min/day moderate-vigorous intensity physical activity or having no ≥ 3 days/week muscle/bone-strengthening
e Sleeping time: sufficient sleeping time was defined as 10 h/day for children aged 7–13, 9 h/day for children aged 13–16, and 8 h/day for those aged 16–19, based on 
guidelines for promotion of children and adolescents’ physical activity and fitness by The State Council of China
f FF and SSB consumption was classified as “no” or “yes” based on the separate consumption frequency

Variables Overall (N = 4388) School type P  valuea

Primary school 
(N = 1602)

Junior high school 
(N = 1455)

Senior high school 
(N = 1331)

Age

 Mean  (SDb) 13.9 (2.5) 11.2 (0.9) 14.1 (0.9) 16.9 (0.9)

Gender (%)

 Boys 50.2 53.9 50.9 45.1 < 0.001

 Girls 49.8 46.1 49.1 54.9

Residence (%)

 Rural 46.3 44.5 46.5 48.1 0.19

 Suburban 22.7 24.5 22.2 21.1

 Urban 31.0 31.0 31.3 30.8

Body weight status (%)c

 Non-overweight 72.3 67.8 73.4 76.6 < 0.001

 Overweight 16.7 17.8 16.9 15.2

 Obesity 11.0 14.4 9.7 8.2

Physical activity (%)d

 Sufficient 21.2 29.3 20.5 12.1 < 0.001

 Insufficient 78.8 70.7 79.5 87.9

Screen time (%)

 < 2 h/day 96.3 96.8 95.3 96.7 0.06

 ≥ 2 h/day 3.7 3.2 4.7 3.3

Sleeping time (%)e

 Sufficient 20.0 23.0 19.0 17.5 < 0.001

 Insufficient 80.0 77.0 81.0 82.5

Sugar-sweetened beverage 
 consumptionf

 No 67.5 71.0 61.9 69.6 < 0.001

 Yes 32.5 29.0 38.1 30.4

Fast food  consumptionf

 No 67.6 62.9 70.9 69.8 < 0.001

 Yes 32.4 37.1 29.1 30.2
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respectively). Similar findings were found among almost all 
sub-groups stratified by gender, school type and residence 
("Appendix 1").

Combined association between risk factors and HRQoL 
utility scores
The joint association of the five lifestyle behavior risk fac-
tors with HRQoL score was also examined (Table 3). The 
RFI is a combination of the five separate factors. After 
adjustment for potential confounders and class-level 
clustering effects, a negative linear association was iden-
tified between RFI and HRQoL score (β = − 0.03; 95% CI: 
− 0.03, − 0.02). As the number of risk factors increased, 
HRQoL utility scores steadily decreased, with an aver-
age reduction of 0.03 units for each additional risk factor. 
Similar findings were observed for participants stratified 
by gender, school type or residence area.

Discussion
In this school-based study, we investigated the asso-
ciations between lifestyle-related behaviors and health-
related quality of life among school students in regional 
China. We found that PA and TSD were positively asso-
ciated with HRQoL utility score, while SB, consumption 

of FF and SSB were negatively associated with HRQoL 
utility score. The greater the number of lifestyle behav-
ior risk factors each participant engaged in, the lower the 
HRQoL score they reported, suggesting an additive effect 
existed for the five identified behavior risk factors on self-
reported HRQoL utility score among school students in 
China.

In previous studies conducted in Western societies, posi-
tive associations between PA, TSD and HRQoL, and nega-
tive associations between SB, FF and HRQoL have been 
documented among children and adolescents [6–12]. Find-
ings in our study were in line with those reported from 
Western communities. The consistency in findings regard-
ing lifestyle-related behaviors and HRQoL among students 
from different societies is interesting and meaningful given 
the heterogeneity of social and cultural contexts, and the 
different instruments used to assess HRQoL. This suggests 
the relationship between lifestyle-related behaviors and 
HRQoL is likely to hold widely for children and adolescents.

Potential mechanisms underlying the associations of 
lifestyle-related behaviors with HRQoL among children 
and adolescents have been postulated. PA could improve 
adolescents’ social functioning and desirability [25], while 
SB might be associated with social inactivity, loneliness 

Table 2 Association of risk factors with HRQoL score based on mixed-effects linear regression analysis

a Sufficient physical activity refers to at least 60 min/day moderate-vigorous intensity physical activity plus ≥ 3 days muscle/bone-strengthening; while insufficient 
physical activity means less than 60 min/day moderate-vigorous intensity physical activity or having no ≥ 3 days muscle/bone-strengthening
b Sleeping time: sufficient sleeping time was defined as 10 h/day for children aged 7–13, 9 h/day for children aged 13–16, and 8 h/day for those aged 16–19, based on 
guidelines for promotion of children and adolescents’ physical activity and fitness by The State Council of China
c FF and SSB consumption was classified as “no” or “yes” based on the weekly consumption frequency, separately
d Model 1: univariate mixed-effects model with school class as the random effect
e Model 2: multivariate mixed-effects linear regression analysis with adjustment for age, gender, school type, residence, parental educational attainment, body weight 
status and class-level clustering effects

Lifestyle‑related behavior Mean (SD) Univariable  modeld Multivariable  modele

Mean difference 95% CI P Mean difference 95% CI P

Physical  activitya

 Sufficient 0.82 (0.15) Ref Ref

 Insufficient 0.77 (0.18) − 0.04 − 0.07, − 0.01 < 0.001 − 0.03 − 0.04, − 0.01 < 0.001

Screen time

 < 2 h/day 0.78 (0.17) Ref Ref

 ≥ 2 h/day 0.73 (0.19) − 0.05 − 0.09, − 0.01 0.010 − 0.04 − 0.070, − 0.02 0.002

Sleeping  timeb

 Sufficient 0.84 (0.16) Ref Ref

 Insufficient 0.77 (0.17) − 0.10 − 0.15, − 0.05 < 0.001 − 0.06 − 0.07, − 0.04 < 0.001

Sugar-sweetened beverage 
 consumptionc

 No 0.79 (0.17) Ref Ref

 Yes 0.76 (0.17) − 0.02 − 0.05, 0.01 0.119 − 0.02 − 0.03, − 0.01 < 0.001

Fast food  consumptionc

 No 0.79 (0.17) Ref ref

 Yes 0.76 (0.18) − 0.03 − 0.06, 0.001 0.060 − 0.03 − 0.04, − 0.02 < 0.001
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and shyness for adolescents [26, 27]. This might, in part, 
explain the positive PA-HRQoL and negative ST-HRQoL 
associations among children and adolescents. With respect 
to sleep, it has been documented that insufficient TSD or 
deprivation of sleep could contribute to experiencing fatigue 
and depression [28–31]. This might partly explain why stu-
dents with insufficient TSD tended to report lower HRQoL 
utility scores. In regard to eating behaviors, consumption 
of energy-dense diets, such as FF and SSB, has been exam-
ined to be positively associated with unhappiness, poor 
sleep, perceived stress and depression [32–34], which might 
underlie the positive SSB-HRQoL and FF-HRQoL relation-
ships among our study participants.

The joint association of the five investigated lifestyle-
related risk behaviors with HRQoL was consistent with the 
findings from Australian school children [12]. There were 
additive effects for the five lifestyle-related risk behaviors on 
HRQoL. This finding has particular public health implica-
tions, as it suggests lifestyle-related behavior interventions 
designed to improve HRQoL for students should target 
multiple risk behaviors in a campaign in order to optimize 
the input–output effect.

This is the first study investigating the associations 
between five classical lifestyle-related behaviors and HRQoL 
among school-aged children and adolescents in China. 
There were several strengths of our study. Firstly, partici-
pants were randomly selected from all urban, suburban 
and rural areas, and were representative of local students in 
Nanjing, a typical Chinese mega-city. Secondly, data were 
collected from eligible students on scheduled survey dates 
with the assistance of our research team members and the 
classroom teachers under the strict quality control, thus a 
very high response rate (97.6%) was obtained. This indicates 
the findings will have excellent generalisability. Thirdly, the 
instrument used to measure HRQoL was validated and the 
scoring algorithm was developed specially for students in 
China. Fourthly, five typical lifestyle-related risk behaviors 
were simultaneously involved in this study. Finally, in addi-
tion to associations between individual risk behaviors and 
HRQoL, the combined association of those five risk behav-
iors with HRQoL was examined.

Some study limitations also exist. First, information on 
lifestyle-related behaviors was gathered via self-report, 
although validated and reliable instruments were used. 
Second, independent variables distributed abnormally, so 
they were used as categorical measures. This might imply 
potential loss of variance in analysis. Third, no causality of 
the observed associations can be inferred due to the cross-
sectional design. Last, some potential confounding factors 
might not be controlled for in our study, although we have 
adjusted for participants’ socio-demographic attributes, 

body weight status and class-level clustering-effects in the 
analysis. In future, well-designed studies, particularly longi-
tudinal studies and intervention programs, within different 
cultural and social context are needed to further understand 
the relationship between lifestyle-related behaviors and 
HRQoL among children and adolescents worldwide.

In conclusion, with the study based on a representative 
sample of Chinese school-aged children and adolescents, 
we provided further evidence that: (1) physical activity and 
sleep duration were positively associated with HRQoL; (2) 
sedentary behavior, consumption of sugar-sweetened bever-
age and fast food were negatively associated with HRQoL; 
and (3) these five lifestyle-related risk behaviors might exert 
additive effects on HRQoL. This study has important pub-
lic health implications that lifestyle and behavior interven-
tions can improve students’ HRQoL, and targeting more 
risk behaviors in health promotion campaigns will generate 
more effect on HRQoL among children and adolescents.
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