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Abstract

Background Health risk behaviors (HRBs) is a kind of phenomenon behavior that often occurs in adolescence,

and also often appears in clusters. Previous studies suggested an association between social ecological risk factors
(SERFs) and HRBs. This study explored 1) whether chronotype moderates the risk of HRBs associated with SERFs and 2)
whether mental health is a mediator in this relationship.

Methods Adolescents were recruited from 39 junior or senior schools (three cities, 13 schools per city) using a
multistage cluster sampling method conducted between October, 2020 and June, 2021. The Social Ecological System,
Morningness—Eveningness Questionnaire, Brief Instrument on Psychological Health Youths, and Youth Risk Behavior
Surveillance questionnaires were used to measure the SERFs, chronotype, mental health and HRBs. Latent category
analysis was used to explore the clustering mode of HRBs. The primary exposure was SERFs, and the primary outcome
was HRBs; chronotype was a moderator, and mental health was a mediator. The multivariable logistic regression
model was used to determine the relationship between SERFs and chronotype and mental behavioral health status.
Mediation moderate analysis using the PROCESS method was used to explore the relationship between these vari-
ables. Sensitivity analysis was conducted to evaluate the robustness of the model.

Results In total, 17,800 individuals were initially enrolled. After excluding 947 individuals with invalid questionnaires,
16,853 participants were finally included in the analysis. The mean age of participants was 15.33 + 1.08 years. After
adjusting for covariates, multivariable logistic regression found that high levels of SERFs (odds ratio [OR]=10.10,

95% confidence interval [Cl]: 8.88-11.43, P<0.01), intermediate chronotype (OR=5.24, 95% Cl: 4.57-6.01, P<0.01),
and eveningness (OR=1.83,95% Cl: 1.64-2.05, P<0.01) were associated with higher HRBs frequency. This study also
assessed the interaction between chronotype, SERFs and HRBs (OR=27.84, 95% Cl: 22.03-35.19, P<0.01) and men-
tal health (OR=18.46, 95% Cl: 13.16-25.88, P<0.01). The moderated mediation analyses examined the relationship
between chronotype, SERFs, mental health and HRBs.
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Conclusions SERFs may be important variables in measuring the effect of the adolescent psychosocial environment
on HRBs; this effect is mediated by mental health and moderated by chronotype.

Keywords Chronotype, Mental health, Health risk behavior, Social ecological risk factor, Adolescents

Background

Health risk behaviors (HRBs) among adolescents are the
subject of global interest. Moreover, mental and behav-
ioral health outcomes, including depression and disor-
ders related to the use of alcohol and other substances,
have gained much attention in recent years [1]. Adoles-
cent HRBs generally cause direct or indirect damage
to the health, well-being, and quality of life of adoles-
cents [2]. A cohort study identified two latent classes of
HRBs: a risky-behavior class (men: 20.0% and women:
23.6%), including smoking and binge drinking, and a
less-risky-behavior class [3]. Other studies have reported
that approximately 50-60% of adolescents engaged
in at least two HRBs [4, 5]. In a previous study, involv-
ing 22,628 middle-school students in six cities in China,
our research group found that approximately 36% of the
adolescents had moderate- to high-risk HRBs [4]. Taken
together, these evidence shows that adolescent HRB
cooccurrence and clustering are common [4, 6, 7].

Evidence indicates that behaviors and lifestyles formed
during adolescent stage maintain a "trajectory” into adult-
hood and affect lifelong health, potentially increasing the
risk of morbidity and mortality [3, 8, 9]. Although public
health researchers claim that adolescent HRBs stem from
factors at the individual, family, or school level, tthe per-
sistence of high rates of HRBs in modern societies seems
to be explained by more than these factors alone. There-
fore, it is important to identify factors that contribute to
HRBs based on a theory that can account for multiple
HRBs.

Some studies have suggested that cumulative risk mod-
els can be used to understand how psychosocial envi-
ronmental factors affect long-term outcomes. Among
these, social ecological system (SES) models in public
health [10] and their extensions, such as the theory of
ecological development [11, 12], cumulative ecological-
transactional risk perspective [13], and socioecological
psychology [14], suggest the existence of multiple social
ecological risk factors (SERFs) that influence HRBs in
adolescents. Therefore, these theoretical approaches sup-
port the occurrence of adolescent HRBs. Recent research
has found that risk and protective factors at different
levels of influence (such as family, school, and peers) are
directly or indirectly associated with multiple mental,
emotional, and behavioral issues [11, 15, 16].

Chronotype, or morning vs. evening preference, is an
intrinsic biological trait defined by sleep—wake cycles and

changes in morning and evening attention levels, which is
also correlated with HRBs in adolescents [17]. The term
refers to the individual’s time preference in terms of sleep
vs. activities and is generally divided into "morningness,"
"intermediate chronotype,” and "eveningness". Morning-
ness chronotypes tend to have earlier sleep schedules and
prefer to be active in the morning, whereas eveningness
chronotypes tend to sleep late and function best in the
late afternoon or evening [18]. Tavernier et al. analyzed
the association between eveningness and substance use
in a longitudinal study of 1%-year students and found
that substance use was more frequent among "nocturnal"
college students during follow-up [19]. Previous studies
have suggested that morningness is a protective factor
against negative mood [20, 21].

Furthermore, studies on the interaction of environ-
mental, socio-ecological, and behavioral factors with the
human circadian cycle under ecological conditions have
undergone some preliminary validation. The diathesis
stress model, combined with a SES framework, claims
to address the HRBs ecology-diathesis stress model in
understanding HRBs, which we consider as an integrated
society, one that recognizes the complex and dynamic
natures of HRB involvement across multiple settings (e.g.,
individuals, families, communities, schools, and culture)
over time. We hypothesized that there is an association
between SERFs, chronotypes, and adolescent HRBs and
mental health. Although methods of SERF assessment
are gradually developing, most studies have focused on
a single HRB [22] or on HRB cooccurrence and cluster-
ing [23]. There are limited comprehensive reports on cur-
rent research into policy, culture, and chronosystems of
spatial dimensions. Moreover, to date, the relationship
between chronotype, HRBs, and mental health among
cumulative SERF environments has not been explored.

The above-mentioned studies provide some indirect
evidence of the association between SERFs and HRBs,
and a comprehensive model incorporating evidence on
the association between SERFs and HRBs is required.
Furthermore, the cooccurrence and clustering phenom-
ena of adolescent HRBs should be thoroughly examined.
We conducted a large, multicenter, cross-sectional study
across different schools in three Chinese cities. This
study explored the interaction between HRBs and SERFs
and examined the role of cumulative SERFs to deter-
mine whether adolescent chronotypes combined with
cumulative SERFs influence HRBs and mental health
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[24]. Specifically, the aims of this study were to establish
the following: 1) whether chronotype moderates the risk
of HRBs through SERFs; 2) whether mental health is a
mediator of this relationship; 3) whether there is an inter-
action between chronotype and SERFs and HRBs and
mental health; and 4) whether there is a mediating effect
of mental health on the relationship between HRBs and
SERFs, in addition to the moderating role that chrono-
type plays in the relationship.

Methods

Study design

This was a cross-sectional study using an extensive sur-
vey procedure to assess the sociodemographic and psy-
chosocial environmental factors that contribute to health
and HRBs of the general population [25, 26]. The study
was designed and reported according to the Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy checklist.

Settings

We used data from a collaborative cross-province survey
of adolescent health and well-being that examine health
and well-being of adolescents in their social context
every 2 years in three-to-four cites in China [25, 26]. Data
were collected in all participating cities through self-
reported school-based surveys using a standard method-
ology described in detail in the study protocol [25, 26]. A
cross-sectional study design was used to conduct nation-
wide sample surveys across China. The participants were
high-school and junior high-school students in China,
who were surveyed between October, 2020 and June,
2021 using multistage stratified cluster random sampling.
The design and data collection procedures were approved
by the Ethics Committee of the Anhui Medical University
(reference no: 20200965). Written informed consent was
obtained from the parents or guardians of all students.
All methods used in this study were in accordance with
the relevant guidelines and regulations. Detailed meth-
ods are shown in the Supplementary Methods (page 1).

Inclusion criteria

The inclusion criteria were as follows: 1) informed con-
sent of the participant and his or her guardian was
obtained; 2) the participant was a junior high or hig-
school student (aged 12—20 years); 3) the participant had
no history of mental illness; and 4) the participant was a
student attending a chosen school.

Exclusion criteria

The exclusion criteria were as follows: 1) failure to
obtain informed consent for participation in the study;
2) participant was a college student; 3) failure to submit
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the questionnaire; and 4) the participant had a congeni-
tal or acquired immunodeficiency. The flow chart of
participant recruitment in this study is shown in Fig. 1.

Exposure

Chronotype

Chronotype was monitored using the shortened ver-
sion of the Morningness—Eveningness Questionnaire
(MEQ). Morning or evening preference was categorized
as morningness (“definitely a morning person”), inter-
mediate chronotype (“between a morning person and
an evening person”), and eveningness (“definitely an
evening person”) [27]. The groups were defined using
scoring as follows: 4-7, definite eveningness; 8-11,
medium eveningness; 12-17, intermediate chrono-
type; 18-21, medium morningness; and 22-25, definite
morningness. The Cronbach’s a coefficient for the MEQ
was 0.628 in this study.

regions

schools
n=39

excluding 3
colleges

adolescents
n=17800

intial

samples
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finnal
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Fig. 1 Flow chart of participant recruitment
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Social ecological risk factors

The SERFs consisted of 50 items, which were divided into
seven dimensions, including individual, family, school,
community, policy, culture, and chronosystem profiles.
Detailed methods regarding the SERFs are shown in Sup-
plement Table 1 (pages 4-5).

Outcomes

Health risk behaviors

HRBs were measured using the Youth Risk Behavior Sur-
veillance system [28], according to methods described
in our previous study [26]. We extracted 15 HRB types:
smoking, alcohol consumption, skipping breakfast,
excess weekday and weekend screen time, physical inac-
tivity, fast food consumption, takeout consumption,
sugar sweetened beverage (SSB) consumption, dietary
scarcity of vegetables and fruits, suicidal thoughts, sui-
cidal plans, suicide attempts, and non-suicidal self-injury
(NSSI). Detailed methods are shown in the Supplemen-
tary Methods (pages 1-4).

Mental health

The Brief Instrument on Psychological Health of Youths
(BIOPHY) scores the above-mentioned 15 HRB items
on a 6-point scale. Response scores range from 1="It
lasts for more than 3 months”; 2 ="“It lasts for more than
2 months”; 3=“It lasts for more than 1 month”; 4="It
lasts for more than 2 weeks”; 5="“It lasts for more than
1 week”; and 6=“It lasts less than a week or not” The
analysis of the total BIOPHY score was divided into high-
and low-level categories, according to the 90" percentile
of the total score [29]. The Cronbach’s « coefficient for
the BIOPHY was 0.958 in this study.

Covariates

Age, sex, parental education level, residential area,
whether the participant was an only child, family eco-
nomic status, number of friends, and academic record
were included as covariates.

Statistics analysis

Results for categorical variables were described using
frequency and percentage and analyzed using T-test
(dichotomous) and Chi-square test (multivariate). Con-
tinuous variables were described using mean and stand-
ard deviation and analyzed using one-way analysis of
variance. In order to identify clusters of HRBs, latent
class analysis (LCA) was used to identify homogeneous,
mutually exclusive "patterns” of 15 HRBs using Mplus
7.4, according to the method described in a previous
study [25]. Multivariable logistic regression was used to
examin the relationships between SERFs, chronotype
and mental health, HRBs and presented as adjusted odds
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ratios (aORs) with 95% confidence intervals (CIs). Media-
tion moderate analysis was used according to the PRO-
CESS method to explore the relationship between SERFs,
chronotype, mental health and HRBs. All analyses were
conducted using the Statistical Package for the Social Sci-
ences (SPSS) software, version 23.0. After preliminary
data sorting, missing data was processed in SPSS 23.0.
In general, the data missing rate of this study was very
low, and the missing rate of each item was less than 1%.
Therefore, the multiple imputation method was adopted
in SPSS 23.0 to process missing data at the project level.
Our sensitivity analysis method is shown in the Supple-
ment Methods.

Results

Class enumeration

Supplement Table 2 (page 7) depicts the fit statistics
for the one- to nine-class models. The three-class solu-
tion was chosen as the final, best-fitting model based on
its lower AIC (akaike information criterion), as well as
lowest BIC (bayesian information criterion) and aBIC
(bayesian information criterion) values. Moreover, we
listed the trend of aBIC values and found that the three-
class solution had the most significant decrease in aBIC
values. With regard to model 3, bootstrap validation
procedures also demonstrated a good fit (p<0.001). All
remaining results were reported specifically to the three-
class solution.

Characteristics of the final four-class model

Figure 2 shows the three-class model of HRBs and item-
response probabilities for the 15 HRBs for each class.
Class 1 was characterized by a high probability of expo-
sure to each of the 15 HRBs; therefore, we labeled this
latent class “suicide and NSSI” (21.3%). Class 2 comprised
individuals with medium-level HRBs and was labeled as
“fast food, SSB, and takeout (dietary behaviors)” (27.9%).
Class 3 was characterized by a low probability of expo-
sure to each of the 15 HRBs and was labeled as “low risk”
(50.8%).

Prevalence of demographic variables, chronotypes,

and SERFs on HRBs and mental health

In total, 17,800 junior and senior middle school students
aged 10 to 20 years were recruited in this study using a
health survey of adolescents in junior and senior middle
schools (grades 7—12). We checked the quality of all ques-
tionnaires and excluded those with regular answers, con-
tradictory answers (obvious logical errors), or more than
five consecutive unanswered questions. After exclud-
ing 947 (5.32%) questionnaires, 16,853 questionnaires
were included in the analysis, and the efficiency rate was
94.68%. The mean participant age was 15.33 +1.08 years.
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Fig. 2 Classes of health risk behaviors

Sample characteristics for covariates, SERFs, and
chronotypes are described in Table 1 for each of the three
HRB groups. Our results showed that higher total SERF
and eveningness were associated with higher suicide and
NSSI scores (total SERF: y*=1,737.84 and eveningness:
x*=751.52). Girls were more likely to have higher suicide
and NSSI scores (y>=86.54) than boys. Lower parental
education levels were also found to be correlated with
higher suicide and NSSI scores (father: y*=201.65 and
mother: y*>=203.95).

Sample characteristics for covariates (sex, age, parental
education level, family residence, only-child status, fam-
ily economic status, number of friends, and academic
performance), SERFs, and chronotypes are described in
Supplement Table 3 (page 7) for each of the two mental
health groups. Higher SERFs and eveningness were asso-
ciated with higher negative mental health (total SERF:
x*=275.79 and eveningness: x> =365.29). Boys were more
likely to have mental health issues (y*=26.41) than girls.

Effect of SERFs and chronotypes on HRBs and mental
health

As shown in Table 2, a high SERF level, intermediate
chronotype, and eveningness were associated with higher
suicide and NSSI scores (total SERF OR=28.80, 95% CI:
7.81, 9.90; eveningness OR=5.21, 95% CI: 4.56, 5.95; and
intermediate chronotype OR=1.75, 95% CI: 1.57, 1.96).
After adjusting for covariates, these results were identical
(all p-values <0.01).

As shown in Supplement Table 4 (pages 10-11),
higher levels of SERF, intermediate chronotype, and
eveningness were associated with higher cooccur-
rence of HRBs (total SERF OR=7.36, 95% CI: 4.50,
12.05; eveningness OR=12.34, 95% CI: 5.91, 25.77; and

intermediate chronotype OR=4.36, 95% CI: 3.08, 6.15).
After adjusting for covariates, these results were identi-
cal (all p-values<0.01).

As shown in Supplement Table 5 (page 12), we also
explored the interactions between chronotype, SEREF,
and clustering of HRBs and mental health. Higher SERF
and eveningness were associated with higher suicide
and NSSI scores (OR=27.84, 95% CI: 22.03, 35.19) and
a greater number of mental health issues (OR=18.46,
95% CI: 13.16, 25.88).

Moderate mediation analysis

We performed moderated mediation analyses by con-
trolling the covariates noted previously. The results
demonstrated that the effect of SERFs on the clustering
of HRBs was significantly moderated by chronotype. In
particular, the mediation of mental health on HRBs was
significantly moderated by chronotype (Supplement
Table 6, page 12). Furthermore, morningness predicted
more severe mental health issues. However, while
morningness enhanced the effect of mental health, it
weakened the effect of SERFs (Supplement Table 7 and
Supplement Fig. 1, page 13).

We also performed moderated mediation analyses by
controlling the covariates noted previously for HRBs
cooccurrence. The results demonstrated that the effect
of SERFs on mental health was significantly moderated
by chronotype (SERF*chronotype: p=0.071, p<0.01).
Specifically, the mediation of mental health on HRBs
was significantly moderated by chronotype (mental
health*chronotype: p=-0.001, p<0.01; Supplement
Table 8, page 13). Similar results were shown in supple-
ment Table 9 and supplement Fig. 2 (pages 14—15).
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Table 1 The prevalence characteristics and social ecological risk factor and chronotype of HRBs
Total Suicide and NSSI Dietary behaviors Others x? value
Age 1499+ 1.64 1523+1.72 15294177 14.99+1.64 38417
Gender 86.54"
Male 8390(49.8) 1551(18.5) 2463(29.4) 4376(52.2)
Female 8463(50.2) 2041(24.1) 2173(25.7) 4249(50.2)
Residential area 4819”7
Country 2593(15.4) 534(20.6) 588(22.7) 1471(56.7)
Town 3212(19.1) 681(21.2) 879(27.4) 1652(51.4)
Urban 11,048(65.6) 2377(21.5) 3169(28.7) 5502(49.8)
Only child 12868"
Yes 5710(33.9) 1180(20.7) 1876(32.9) 2654(46.5)
No 11,143(66.1) 2412(21.6) 2760(24.8) 5971(53.6)
Father's education 20165
No father 189(1.1) 94(49.7) 30(15.9) 65(34.4)
Below primary school level 505(3.0) 148(29.3) 90(17.8) 267(52.9)
Primary school 1325(7.9) 326(24.6) 298(22.5) 701(52.9)
Junior high school 6022(35.7) 1245(20.7) 1542(25.6) 3235(53.7)
Senior high school 4902(29.1) 1010(20.6) 1444(29.5) 2448(49.9)
College school 3910(23.2) 769(19.7) 1232(31.5) 1909(48.8)
Mother’s education 203.95”
No mother 115(0.7) 52(45.2) 22(19.1) 41(35.7)
Below primary school level 744(4.4) 195(26.2) 137(18.4) 412(55.4)
Primary school 1679(4.4) 368(21.9) 356(21.2) 955(56.9)
Junior high school 6036(35.8) 1256(20.8) 1522(25.2) 3258(54.0)
Senior high school 4634(27.5) 1004(21.7) 1397(30.1) 2233(48.2)
College school 3645(21.6) 717(19.7) 1202(33.0) 1726(47.4)
Family economic status 29565
Very bad 475(2.8) 190(40.0) 85(17.9) 200(42.1)
Worse 1644(9.8) 475(28.9) 85(18.0) 873(53.1)
Medium 11,677(69.3) 2307(19.8) 3206(27.5) 6164(52.8)
Better 2431(14.4) 479(19.7) 844(34.7) 1108(45.6)
Very good 626(3.7) 141(22.5) 205(32.7) 280(44.7)
Friends number 35098"
No 553(3.3) 249(45.0) 83(15.0) 221(40.0)
1-2 4096(24.3) 1088(26.6) 940(22.9) 2068(50.5)
3-5 6949(41.2) 1296(18.7) 1985(28.6) 3668(52.8)
6 or more 5255(31.2) 959(18.2) 1628(31.0) 2668(50.8)
Academic record 241.28"
Bad 4087(24.3) 1223(29.9) 1022(25.0) 1842(45.1)
Medium 10,316(61.2) 1930(18.7) 2936(28.5) 5450(52.8)
Good 2450(14.5) 439(17.9) 678(27.7) 1333(54.4)
Individual 1258.24"
high 4883(29.0) 1847(37.8) 1112(23.6) 1924(39.4)
medium 5610(33.3) 1065(19.0) 1638(29.2) 2907(51.8)
low 6360(37.7) 671(10.6) 1960(30.8) 3729(58.6)
Family 145272
high 4644(27.6) 1821(39.2) 1042(22.4) 1781(384)
medium 6380(37.9) 1250(19.6) 1861(29.2) 3269(51.2)
low 5829(34.6) 521(8.9) 1733(29.7) 3575(61.3)
School 909.37"
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Table 1 (continued)
Total Suicide and NSSI Dietary behaviors Others x? value
high 5251(51.2) 1807(34.4) 1296(24.7) 2148(24.9)
medium 5732(34.0) 1119(19.5) 1554(27.1) 3059(53.4)
low 5870(34.8) 666(11.3) 1786(30.4) 3418(58.2)
Community 28865
high 4520(26.8) 1319(29.2) 1203(26.6) 1998(44.2)
medium 6335(37.6) 1314(20.7) 1693(26.7) 3328(52.5)
low 5998(35.6) 950(15.8) 1814(30.2) 3234(53.9)
Public policy 196.64"
high 4597(27.3) 1283(27.9) 1238(26.9) 2076(45.2)
medium 6320(37.5) 1288(20.4) 1713(27.1) 3319(52.5)
low 5936(35.2) 1012(17.0) 1759(29.6) 3165(53.3)
Culture 1025.14”
high 4860(28.8) 1660(34.2) 1473(30.3) 1727(35.5)
medium 6186(36.7) 1206(19.5) 1792(29.0) 3188(51.5)
low 5807(34.5) 717(12.3) 1445(24.9) 3645(62.8)
Chronosystem 392177
high 2978(17.7) 1001(33.6) 763(25.6%) 1214(40.8)
medium 5209(30.9) 1140(21.9) 1438(27.6%) 2631(50.5)
low 8666(51.4) 1442(16.6) 2509(29.0%) 4715(54.4)
Total score 1737.84"
high 5363(31.8) 2075(38.9) 1290(24.4) 1998(36.7)
medium 5818(34.5) 1061(17.8) 1683(29.8) 3074(52.4)
low 5672(33.7) 456(7.5) 1663(29.4) 3553(63.1)
Chronotype 75152"
Eveningness 2767(16.4) 1008(36.4) 876(31.7) 883(31.9)
Intermediate chronotype 10,482(62.2) 2077(19.8) 3001(28.6) 5404(51.6)
Morningness 3604(21.4) 498(13.8) 833(23.1) 2273(63.1)

"p<0.05,"p<0.01

Discussion

Principal findings

This study examined the correlation between chrono-
types and SERFs and their respective associations with
mental health and HRBs in a school-based sample of ado-
lescents. This study used LCA to deduce adolescent HRB
patterns from pre-specified behavioral variables. Mul-
tiple indicators of HRBs were examined using the LCA
method within a theoretically derived model of SES influ-
ence on class membership. In our study, the prevalence
of clustering of HRBs was 21.3%. Our study also explored
the relationship in different dimensions of SERFs, includ-
ing spatial and chronosystem. Moreover, an interaction
between chronotypes and SERFs and HRBs and men-
tal health was observed in this study. We examined the
mediating effect of mental health and the moderating
role of the chronotype on the relationship between HRBs
and SERFs. Our results strongly supported the hypothe-
ses regarding different factors and potential mechanisms
associated with adolescent HRBs.

The correlation between SERFs and psychological

and behavioral problems

SERFs refer to risk factors and events that are not con-
ducive to individual development and adaptation when
an individual’s living environment includes a variety of
backgrounds, and these factors and events may increase
the risk of negative outcomes [30]. Although these frame-
works may vary, most of them reflect the principles of the
social ecological model, a simple but far-reaching frame-
work for public health [31, 32]. Based on the research on
SERFs, some studies have reported that the high social-
ecological risk group of adolescents is at higher risk of
psychological, emotional, and behavioral problems [23,
33]. Individuals are often faced with multiple risks at the
same time, if only focus on a single area is inconsistent
with the reality of life. In other words, studies on the risk
factors that lead to adolescent health risk behaviors are
mostly explored from a single or minority level. However,
adolescents will be affected by multiple risks such as fam-
ily, community, school and peers during their growth,
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Table 2 The Logistic regression analysis between social ecological risk factors and clustering of health risk behaviors in adolescents

Social ecological risk Model 1 Model 2 Model 3
factor Dietary behaviors Suicide and NSSI Dietary behaviors Suicide and NSSI Dietary behaviors Suicide and NSSI
Individual

High 1.10(1.01,1.22) " 534(481592) " 121(1.02,123)" 535(482595 " 129(1.17,143)" 487 (436535 "

Medium 1.08(0.99,1.17) 204(183227)"  1.08(10,1.18)" 206(1.85230)"  1.18(1.09,1.29)" 198 (1.77221)"
Family

High 121(1.10133)7  702(627,785 7 12001091327  721(643808) " 136(1.23,150)"  657(5857.38)

Medium 117(01.08127)" 2622342947 1.18(1.08127)" 27624731007  128(1.18139) "  260(232292) "
School

High 1.16 (1.06,1.26) " 432389479 11701071287 502451559 138(1.26,152)" 456 (4.085.10) "

Medium 0.97 (0.89,1.06) 1.88(1.69,2.09) "  0.98(0.90,1.06) 208(186232) "  1.08(0.99,1.18) 197 (1.76,2.20)
Community

High 107 (0.97,1.17) 2.23(201,246)"  1.08(0.98,1.18) 261235289 122(1.11,135) " 249(224277)"

Medium 0.91(0.84,098) 134(122,148)"7  092(0.84,0995) °  145(1321.60) 1.001(0.92,1.09) 142(128157)"
Public policy

High 1.10(1.003,121)"  194(1.762.14) " 1.09(0.99,1.20) 2242022497 1261151397  207(1.86230) "

Medium 0.93 (0.86,1.01) 121(1.10,133)" 094 (0.87,1.03) 131(1.19,145 " 1.03(0.94,1.12) 126(1.14,139) "
Culture

High 213(194238) "  484(436538) " 241(219266) 588(527657)" 225(204248 "  573(5.12641)°

Medium 143(131,155 " 192(173213)" 154141167 221(198245 " 151(139165 "  217(1.95242) "
Chronosystem

High 117(105129 7 265(239293) " 1.18(1.07131)" 270243299 1210109135 "  253(2.28281)"

Medium 1.01(0.93,1.10) 140(1.28,153)" 1.03(0951.11) 140(1.28154) "  1.05(096,1.14) 136 (1.24,1.50)
Total score

High 143(131,157)"  880(7.81990)" 148(135162)"  1062(939,120)" 1.71(1551.89) "  10.1(888,1143)"

Medium 121(1.121.33)° 281(2493.18)"  125(1.15136) "  3.15(78357)" 135(123147)7 307271348 "
Chronotype

*x *x

Intermediate chrono- 2.71(2.40,3.06) 521 (4.56,5.95)

type
Eveningness

*x %

1.52(1.38,1.66) 1.75(1.57,1.96)

2.82(2493.19)

1.57 (1.43,1.73)

*x *x *x *x

5.73(5.01,6.56) 2.71(2.393.08) 5.24(457,6.01)

*x %% % *x

1.90(1.70,2.12) 1.57 (1.43,1.72) 1.83 (1.64,2.05)

Model 1: uncontrolled covariate; Model 2: controlled gender and age; Model 3: Control gender, age, parents’ education level, family residence, only child, family

economic status, number of friends and academic performance; *P < 0.05; **P<0.01

and their psychological problems are rarely caused by a
single risk factor. Sometimes different risk factors do not
act independently. More often, multiple risk factors at the
same time [33, 34]. Our results demonstrated that cumu-
lative SERFs were positively correlated with clustering of
HRBs and HRB cooccurrence, consistent with ecological
system theory. The concept of cumulative risk has also
gained support across social and cognitive domains fol-
lowing the pioneering research on ecological risk [13].
Cumulative risk models suggest that it is better to pre-
dict individual outcomes by exploring the accumulation
of risk factors than by focusing on adverse outcomes of a
single indicator.

Complex associations between SERFs, chronotype, mental
health and HRBs

Our study further exaimed the association between
chronotypes, SERFs, mental health and HRBs. First,

eveningness was found to be associated with higher
HRBs and higher rates of mental health issues, which is
consistent with previous findings in college students [35]
and applies these to adolescents in this study. Second,
previous studies found that certain social factors (such as
parental or peer behavior) and individual factors (such as
low self-esteem) were also associated with higher HRBs
[36]; in addition, Williamson et al. found cumulative
socio-ecological risk indexes were most associated with
increased middle childhood sleep problems, this study
systematically evaluated the interaction of socio-ecolog-
ical risks, sleep problems, and individual adolescent fac-
tors, as well as the direct and indirect effects of maternal
and paternal risk factors [37]. We performed a latent class
analysis of HRBs based on the previous literature [25].
Our analysis was informed by hypotheses derived from
the social development model between SERFs and HRBs
[38]. Moreover, our results further provided a theoretical
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basis for the further study of moderated mediation analy-
ses and their role in the significance of mental health,
SERFs, chronotypes and HRBs. Third, there was an
interaction between higher-risk SERFs, eveningness and
higher HRBs, negative mental health symptoms. This
means that adolescents who experience high-risk psycho-
social environments where life and rest are not in har-
mony, such as circadian rhythm disturbances, may have
a higher incidence of physical and mental health prob-
lems [14]. These results are similar to those of previous
studies, the study of social ecological psychology aims to
explore how specific features of social ecology lead to a
state of mind, which can also affect people’s emotions or
behaviors [39]. Possible mechanisms underlying this have
been explained by the diathesis-stress model [40] or com-
prehensive social-ecological diathesis-stress model [41].
The interaction and correlation results also suggested
that a positive social environment can counteract the
physical and mental health effects caused by an indi-
vidual’s (potentially genetically) disturbed circadian
rhythm [42]. Our study addressed this question from the
perspective of chronotype, a trait related to circadian
rhythms [43]. Wills et al. developed the moderator model
to explore the relationship between chronotype score (an
independent variable), depression (outcome), and social
support (the moderator and mediator) and found that
chronotype was associated with depression in individu-
als with low social support from friends and teammates
[44]. This result further verifies that there is an asso-
ciation between SERFs, chronotype and HRBs. We also
explored the moderating effects of chronotype by divid-
ing the relationship between mental health, chronotype
and HRBs in three aspects from a social ecological sys-
tem perspective. In our study, we found that high SERF
scores were associated with higher HRBs and mental
health issues. Possible reasons for this may be that even-
ing chronotypes may be predisposed to mental health
disturbances, potentially through a behavioral inhibition
pathway [39]. Similarly, adolescents who experienced
higher SERFs combined with eveningess, experienced
more negative mental health effects and higher levels
of HRBs. Eveningness may influence the HRB problems
caused by SERFs. Moreover, eveningness may be a part of
a broader temperamental [45] and personality [46] pro-
file of adolescents that may predispose to mental health
problems. Future research should focus on consideration
of individual differences in temperament or personality.
Based on the mediate moderation analysis, it has been
found that an individual’s chronotype can interfere with
the timing of working hours, school, or social schedules.
One study discussed the association between adverse
social events, such as adverse childhood experiences,
chronotypes, and HRBs, such as smoking and alcohol
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consumption [47]. Potential SERFs and the resulting
HRBs that affect mental health may be blocked or inhib-
ited by morning type effects, that is, reasonable sleep hab-
its can offset the adverse psychological outcomes brought
by multi-level environment and unfavorable HRBs. These
results confirm our previous findings exploring the medi-
ating role of chronotype in mental health and the mod-
erating role of chronotype in our use of multiple social
contexts to measure the actual social reality of adoles-
cents and their circadian habits (such as eveningness).
This study also provided some new perspectives other
than just life events to further investigate the association
between circadian rhythm and SERFs, HRBs and men-
tal health. A previous study indicated that the relation-
ship between chronotype and experiences of negative life
events may be mediated either by personality traits (neu-
roticism, risk-taking behavior, and externalizing behav-
ior) or poor sleep quality [45, 48]. This concept offered
a theoretical basis for our research, Through social eco-
logical models, the description of mental and behavioral
health can be understood from the perspective of holism,
in which the individual is understood to be connected to
historical and cultural backgrounds, family, community,
land and even future generations in a highly relevant con-
text [49]. Not only SERFs have an important effect on
adolescent HRBs, but this association may be mediated
by mental health, mediated by chronotype. Therefore,
according to the results of this study, we should advocate
ameliorating adolescents’ living habits in the evening as
much as possible, and provide them with more support at
home, at school or in the community.

Strengths and limitations

The strengths of this study included the followings: this
was multicenter and multilevel design and the large num-
ber of study participants. Based on the previous concept
of chronosystem, this study innovatively proposed fac-
tors that may affect adolescent HRBs, supplemented the
original concept of ecological theory, and provided theo-
retical and practical basis for the subsequent expansion
of the application of chronosystem.

However, some limitations should be noted. Because of
the cross-sectional design, a casual association between
SERFs and HRBs could not be established. Future lon-
gitudinal studies are needed to elucidate the association
between the variables. Fifteen types of adolescent HRBs
were examined in this study, although these did not
include addiction, intentional injury, and unsafe behav-
iors, which are variables that have been included in other
studies. However, we will consider these behaviors in a
future study involving college students. All of the data
used in this study were obtained from self-reported ques-
tionnaires; therefore, there were issues with subjectivity,
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validity, and reliability of the answers. This study only
analyzed results from three cities; therefore, it is not clear
how representative this sample is of the overall popula-
tion in China. A follow-up survey will be conducted on
population samples from different regions and cultures
across China. In this study, the cumulative risk index
was adopted to explore SERFs, which limited the univer-
sality of this study. Although this study focused on the
association between SERFs and HRBs in certain fields,
the possible application of this correlation in other fields
still needs further investigation. Future research should
explore the association between SERFs and HRBs in dif-
ferent fields.

Conclusions

In our study, we found that adolescents who had high
cumulative SERFs also experienced high-risk HRBs,
and eveningess adolescents also had high-risk HRBs.
An interactive positive association between cumulative
SERFs, eveningness on HRBs, and mental health was also
identified. In conclusion, the mental health of adolescents
should be considered in mediate moderator analysis,
and adolescents should be encouraged to improve their
chronotype habits. This study focuses on the diversity of
adolescents’ living environment to provide a solid foun-
dation for promoting the healthy growth of adolescents.
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