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Methods: We analyzed data of 7,541 adolescents aged 13-17 years from the 2019 nationally represen-
tative Global School-based Student Health Survey, conducted in 20 provinces and cities in Vietnam. We

Keywords: applied the latent class analysis to identify groups of clustering and used Bayesian 2-level logistic regres-
Risk behaviors clustering sions to evaluate the correlation of school health promotion programs on these clusters. We reassessed
éggsescents the school effect size by incorporating different informative priors to the Bayesian models.

Findings: The most frequent lifestyle risk behavior among Vietnamese adolescents was physical inactivity,

Vietnam . followed by unhealthy diet, and sedentary behavior. Most of students had a cluster of at least two risk
Latent class analysis . ) . o
Bayesian factors and nearly a half with at least three risk factors. Latent class analysis detected 23% males and

18% females being at higher risk of lifestyle behaviors. Consistent through different priors, high quality
of health promotion programs associated with lower the odds of lifestyle risk behaviors (highest quality
schools vs. lowest quality schools; males: Odds ratio (OR) = 0-67, 95% Highest Density Interval (HDI):
0-46 - 0-93; females: OR = 0-69, 95% HDI: 0-47 - 0-98).
Interpretation: Our findings demonstrated the clustering of specific lifestyle risk behaviors among Viet-
namese in-school adolescents. School-based interventions separated for males and females might reduce
multiple health risk behaviors in adolescence.
Funding: The 2019 Global School-based Student Health Survey was conducted with financial support from
the World Health Organization. The authors received no funding for the data analysis, data interpretation,
manuscript writing, authorship, and/or publication of this article.
© 2021 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND IGO license
(http://creativecommons.org/licenses/by-nc-nd/3.0/igo/)

* Corresponding author. Hoang Thi Ngoc-Anh. Address: 1A Duc Thang Road, Duc Thang Ward, North Tu Liem District, Hanoi, 100000, Vietnam. Mobile: +84 86 577 0967.
E-mail address: htna@huph.edu.vn (H.T. Ngoc-Anh).

https://doi.org/10.1016/j.lanwpc.2021.100225
2666-6065/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND IGO license
(http://creativecommons.org/licenses/by-nc-nd/3.0/igo/)


https://doi.org/10.1016/j.lanwpc.2021.100225
http://www.ScienceDirect.com
http://www.elsevier.com/locate/lanwpc
http://creativecommons.org/licenses/by-nc-nd/3.0/igo/
mailto:htna@huph.edu.vn
https://doi.org/10.1016/j.lanwpc.2021.100225
http://creativecommons.org/licenses/by-nc-nd/3.0/igo/

K.Q. Long, H.T. Ngoc-Anh, N.H. Phuong et al.

Research in context

Evidence before this study

Adolescence is a vulnerable period for many lifestyle risk
behaviors which normally cluster and interact to exponen-
tially elevate the risks of non-communicable diseases (NCDs).
The school might play an essential role in preventing risk
behaviors and motivating healthy lifestyle behaviors for in-
school adolescents. We searched on PubMed and Google
Scholar to identify peer-reviewed articles published in En-
glish between Jan 1, 2000 and November 25, 2020; using
keywords (“health behaviors” OR “lifestyle risk behaviors” OR
“health risk behaviors” OR “tobacco” OR smok* OR “alcohol”
OR “physical activity” OR “physical inactivity” OR “fruit in-
take” OR “vegetable intake” OR “diet”) AND (cluster* OR “co-
occurrence”) AND (“adolescent” OR “teenager” OR “youth” OR
“student”). We complemented the searching database with a
manual search on reference lists. We identified 39 studies
that evaluated the clustering of risk behaviors among ado-
lescents (Supplemental materials S1). Two-thirds of the stud-
ies were conducted in high-income countries. The evidence
from low- and middle-income countries is currently limited
in some countries; however, most of these studies used de-
scriptive techniques to analyze the co-occurring behaviors,
i.e,, treating the effects of risk behaviors equally or com-
puting the observed prevalence-to-expected prevalence ra-
tio, which hardly evaluates the underlying association among
these co-occurrences. Furthermore, limited evidence have fo-
cused on the role of school health promotion programs in
preventing the high-risk cluster of these behaviors.

Added value of this study

Our study is a pioneer in using analytical technique to
investigate the clustering pattern of six major lifestyle risk
behaviors of NCDs (smoking, drinking, physical inactivity,
sedentary behavior, low fruit/vegetable intake, and unhealthy
diet) among school-going adolescents in Vietnam. We found
more than half of adolescents had a cluster of at least
two factors and a quarter had three factors, with the com-
mon clusters being unhealthy diet, sedentary behaviors, low
fruit/vegetable intake (in girls), and drinking (in boys). Using
latent class analysis, we identified 18-1% of boys and 14.7%
of girls were at high-risk pattern of lifestyle behaviors. Con-
sistent across scenarios, Bayesian multilevel models showed
that the quality of school health promotion programs was as-
sociated with minimizing the high-risk cluster of lifestyle be-
haviors.

Implications of all available evidence

Our findings highlight the need for required courses in
school with high-quality content for essential joint knowl-
edge and skills to prevent multiple lifestyle risk behaviors.
This becomes urgent as the current curriculum is not re-
quired in Vietnam, therefore, although the high prevalence
of students completed a module for preventing an individual
risk behavior; a limited number of them achieved three such
modules. We also emphasize separated intervention for boys
and girls since the patterns of lifestyle risk behaviors combi-
nation are different by sexes.

1. Introduction

Non-communicable diseases (NCDs) are responsible for almost
70% of all deaths worldwide [1] and becoming more common
among youth nowadays [2]. Health risk behaviors are activities that
increase the risk of diseases or injuries if doing with enough fre-
quency or intensity [3]. These behaviors begin in early life that
affects health both at that time and later years [4]. According to
WHO, two-thirds of premature deaths in adults are associated with
childhood risk behaviors, such as 81% of youth aged 11-17 years
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were physical inactivity and 11.7% were heavy drinking [5]. Most
NCDs share predisposing risk factors, for example, people suffered
from diabetes and cancer as concurrent exposure to unhealthy di-
ets, physical inactivity, and harmful use of tobacco and/or alco-
hol [5]. These factors are unlikely to isolate, but, instead, typi-
cally cluster and interact to exponentially elevate the risks of NCDs
[6]. Findings in more than 300,000 adolescents from 89 countries
showed that 82-4% of them exposed to several NCDs risk factors,
including unhealthy diet and physical inactivity; or unhealthy diet
and cigarette smoking [7].

Adolescence is a critical period for developing and forming a
healthy lifestyle [8], and also a vulnerable period for several un-
healthy behaviors which might continue into maturity [9]. Adoles-
cents tend to be involved in more than one problem due to shared
linkages of such behaviors [10-13]. School going adolescents spent
at least six hours a day at school on their social, physical, and in-
tellectual development. The school setting becomes an ideal place
for targeted lifestyle programs that equipped healthy behaviors for
adolescents before their transition into adulthood [14]. Some previ-
ous studies suggested that school health programs can reduce the
prevalence of health risk behaviors among youth [15]. Although
school environments can affect student health [16], important evi-
dence gaps about the roles of schools in alleviating health risk fac-
tors in adolescents remain. Understanding this gap is essential to
improve adolescent health and reduce subsequent disease burden
in adulthood.

In Vietnam, a surged prevalence of NCDs in recent years is
associated with the country’s remarkable economic growth and
lifestyle changes [17]. In 2016, NCDs contributed to 73% of total
deaths due to dietary risks, tobacco smoke, alcohol use, and phys-
ical inactivity [18]. The Vietnam national NCDs strategy 2015-2025
focuses on preventing NCDs among adolescents aimed to reduce
smoking prevalence below 3.6%; overweight and obesity preva-
lence below 10% in this population [19].

Existing literature about the clustering of lifestyle risk behaviors
in low- and middle-income countries (LMICs) is currently limited.
However, most of the prior studies used descriptive techniques to
analyze risk behaviors individually using arbitrary cut-off points
[20] or determining high-risk groups via the ratio of observed-to-
expected prevalence [21, 22]. Also, limited evidence has focused on
the roles of school health promotion programs. In Vietnam, to the
best of our knowledge, no study published on clustering of risk be-
haviors to date. In this paper, we aimed to: 1) describe a clustering
pattern of six lifestyle risk behaviors (smoking, drinking, physical
inactivity, sedentary behaviors, low fruit/vegetable intake, and un-
healthy diet) using latent class analysis (LCA) - an analytical tech-
nique to find underlying patterns of such behaviors; 2) to investi-
gate the roles of the school health promotion programs on these
behavior patterns using Bayesian multilevel models with different
informative priors.

2. Methods
2.1. Study population and survey design

The 2019 Global School-based Student Health Survey (GSHS) is
a population-based survey of school-going adolescents aged 13-17
years, which has been conducted over 101 countries [23], provid-
ing data on different aspects of adolescent behaviors and protec-
tive factors to help countries develop suitable adolescent health
programs and policies [23]. In this study, we used the nationally
representative sample of Vietnam, which was conducted from May
to December 2019 across 20 provinces and cities in Vietnam.
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2.2. Questionnaire development

The 2019 Vietnam GSHS employed a set of global self-
administered questions that adapted to the local socio-cultural
context. A panel including four language and content experts was
established to validate the content. First, the experts translated
forward the original English questionnaire into Vietnamese, then
backward translation from Vietnamese into English. The original
English version was compared to backward translation to check
consistency. Face validity was assessed from a pilot study through
pre-testing the translated questionnaire in 120 students in one
secondary school and one high school in Hanoi city, Vietnam.
The validated questionnaire has two main components: socio-
demographics (age, gender, living status, and place of residence)
and health behaviors (alcohol use, tobacco use, dietary behavior,
self-perceived body mass index (BMI) status, illicit drug use, men-
tal health, physical activity, sexual behaviors, and violence and un-
intentional injuries).

2.3. Sample size and sampling procedures

We used a two-stage cluster sampling method to recruit adoles-
cents. At the first stage, we chose schools based on probability pro-
portional to size method, then following by the selection of classes
using the simple random sampling technique at the second stage.
Two classes for each secondary school (grades 8 and 9) and three
classes for each high school (grades 10, 11, and 12) were selected.
All students who were 13-17 years old and had Vietnamese citi-
zenship in selected classes were eligible to participate. The sam-
ple included 7,796 students in 210 classes from 81 schools. The
school response rate of 96-4% and the student response rate of
97.0% made up the overall response rate of 93.5%.

Before data collection, school administrators assisted to dis-
tribute written assent forms to the parents/guardians in selected
classes. Parents/guardians were asked to return the forms regard-
less of their agreement. During data collection days, we only
recruited students with parental permission to participate into
the study. Trained researchers briefed and guided on the self-
administered questionnaire, then students marked their responses
on a separate computer scan-able answer sheet. The time to com-
plete the questionnaire was maximum 30 minutes. All completed
anonymous sheets were sealed in envelopes to ensure confidential-
ity.

2.4. Variables

2.4.1. Lifestyle risk behaviors

2.4.1.1. Smoking. We defined the current smoking status by asking
students the number of days that they used any tobacco products
in the past 30 days. The variable response was dichotomized into
“0 days” and “at least 1 day”.

2.4.1.2. Alcohol consumption. We assessed the current drinking by
a question on the number of days that students drank at least one
standard drink of alcoholic beverage (~14gram of pure alcohol) in
the past 30 days. The variable response was categorized as “0 days”
and “at least 1 day”.

2.4.1.3. Physical inactivity. Physical activity is defined as any body
movement generated by the contraction of skeletal muscles that
raises energy expenditure above resting metabolic rate [24].

We asked students a question on the number of days that they
had at least 60 minutes of moderate-to-vigorous-intensity physical
activity in the past seven days. We defined the physical inactivity if
respondents did not meet the WHO recommendation for physical
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activity [25]. Thus students were categorized as “physical inactiv-
ity” if they did not report doing at least an average of 60 min-
utes per day of moderate-to-vigorous intensity physical activities
in seven days a week.

2.4.14. Sedentary behavior. Sedentary behaviors are defined as any
waking behaviors that consumed an energy expenditure equal to
or below 1.5 metabolic equivalents. Screen time and sitting time
are usually the two main indicators used to quantify the time de-
voted to sedentary behaviors [26, 27].

To assess the sedentariness, we asked students a question on
the hour spent on sitting and watching television, playing com-
puter games, using social media, or doing other sitting activities,
on an average day in the past seven days. We classified respon-
dents as having sedentary behavior if they spent on more than two
hours a day doing those activities [28].

2.4.15. Low fruit/vegetable intake. We asked students questions on
the average daily frequency intake of fruits and vegetables in the
past 30 days. We defined the low fruit/vegetable intake if they did
not consume both fruits and vegetables at least two times per day
[29].

2.4.1.6. Unhealthy diet. We defined unhealthy diet students if they
drank carbonated soft drinks at least one time per day during the
30 days before the survey or ate fast-food at least one day during
the 7 days before the survey [29].

2.4.2. School health promotion programs

We asked students whether they received training for five soft-
skills (Yes/no), including (1) the benefits of eating more fruits
and vegetables, (2) signs of depression and suicidal behaviors, (3)
problems associated with drinking alcohol, (4) problems associated
with using drugs, and (5) benefits of physical activity. We then ag-
gregated these variables at the school level and constructed the
proxy measurement of school health promotion programs quality
by using PCA to compute a composite index. This composite in-
dex was categorized into tertiles [30], with higher tertiles indicat-
ing better school program quality.

2.4.3. Other covariates

The other covariates include demographic characteristics (age,
place of residence, living with mother/father), body mass index—
Z score, parental monitoring, peer-relationship (number of close
friends), mental health (loneliness and worrying), and truancy. The
details on variable definitions are provided in Supplemental ma-
terials S2.

2.5. Data analysis

After removing missing values on covariates (3-3%), which was
assumed to be missing at random, the complete case sample ana-
lyzed in this paper was 7,541 (3,495 males and 4,046 females).

2.5.1. Sampling weights calculation

We calculated the sampling weights reflecting the likelihood of
sampling each student and to reduce bias by compensating for dif-
ferent patterns of nonresponse. The sampling weights were given
by

W =W1+W2xfl«f2xf3

In which, W1 is the inverse of the probability of selecting the
school; W2 is the inverse of the probability of selecting the class-
room within the school; f1 is a school level nonresponse adjust-
ment factor; f2 is a student-level nonresponse adjustment fac-
tor; f3 is a post-stratification adjustment factor calculated by ru-
ral/urban and grade.
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Figure 1. Analysis framework
Note: LCA: Latent Class Analysis; PCA: Principal Component Analysis.

2.5.2. Descriptive analysis

We used frequencies and percentages to summarize categorical
variables, mean and standard deviation (SD) to describe continuous
variables. We adjusted all estimations for the complex survey de-
sign, including sampling weights, clustering, and stratification. To
describe the combinations of six lifestyle risk behaviors, we used
the UpSet diagrams [31], which visualize complex intersections of
a lifestyle risk behaviors matrix where the rows represent differ-
ent sets of combinations and the columns represent the number
of students who had these combinations.

2.5.3. Lifestyle risk behaviors clustering and related factors

We developed an analysis framework (Figure 1) that includes
two steps to analyze the clustering and related factors.

In the first step, we used LCA to identify homogeneous unob-
servable subgroups of lifestyle risk behaviors. LCA is a statistical
method for identifying unmeasured class membership among sub-
jects using categorical or continuous observed variables [32]. To
explore the potential number of latent classes, we tested the LCA
with a different number of classes (i.e., from two to five classes).
We determined the final number of classes based on the inter-
pretability of the class memberships [32]. The details in LCA results
were provided in the Supplemental materials S3.

In the second step, we fitted a series of Bayesian 2-level random
intercept logistic regressions with students at level-1, and school
at level-2 to evaluate the effects of factors in school and student
levels on latent class memberships obtained from LCA in the first
step. Multilevel modeling was used to account for the nature of
hierarchical data i.e., students nested in schools. We applied the
vague priors (i.e., flat prior for model parameters). Model 1 was
a null model with no independent variable, Model 2 included the
school-level factors (Xy;), and Model 3 controlled for both school-
level and student-level covariates (Xy;).

Yij ~ Binomial (n;j, p;;)

Model 1 : logit(7) = Bo + to;
Model 2 : logit(m;) = o+ B1 X, + ko

Model 3 : logit(7y) = Bo + B1 = Xy + B2 * Xy + Ioj
The priors for model parameters were specified as:
Prior By ~ Students (0, 10)

Prior 81 and prior 3, ~ flat

Prior 149; ~ Students (0, 10)

Where p; is the school-specific residual that presents the devi-
ate of each school from the median log odds of high risk of lifestyle
behaviors. For each model, we calculated the variance partition co-
efficient (VPC) and the proportion of variance explained by the
added factors (i.e., % explained). Since logistic regression has a vari-
ance of 3-29 [33], the VPC is defined as VPC = 62 /(02,9 + 3-29).
To obtain % explained, we subtracted the variance of the simpler
model to the model with more terms and then converted to per-
centages. The school-level and student-level covariates included in
the model were determined by the conceptual framework of ef-
fects of school health promotion programs on lifestyle risk behav-
iors that was based on the conceptual framework developed by Ak-
seer et al [34]. The conceptual framework is shown in Supplemen-
tal materials S4.

We presented the median of posterior distributions as odds ra-
tio (OR) with 95% highest density interval (95% HDI). We also cal-
culated the probability of the posterior distribution of school effect
size (i.e., ORs) less than the cut-offs of 1, 0.9, and 0-8 as well as
Bayes factors (BF). The BF is the ratio of the likelihood of a specific
hypothesis to the opposite hypothesis [35]. Therefore, in this case,



K.Q. Long, H.T. Ngoc-Anh, N.H. Phuong et al.

the larger value of the BF indicates the stronger evidence of the
hypothesis that the school effect size was lower than the cut-offs.

2.5.4. Sensitivity analysis

We conducted sensitivity analyses to test whether the school
effects remain consistent across different priors. We constructed
two priors to reflect two degrees of belief that the school health
promotion programs had either no impact (equivocal prior) or pos-
itive impact (optimistic prior) on lifestyle risk behaviors of students.
We assumed that prior distributions of school effects were the nor-
mal distribution (i.e., 8; ~ Normal(u, o2)).

Equivocal prior : B; ~ Normal (0, 0 - 207°)

Optimistic prior : B; ~ Normal (-0 693, 0 - 207°)

Details of sensitivity analyses were provided in Supplemental
materials S4.

We fitted the Bayesian multilevel models using Hamiltonian
Monte Carlo (HMC) algorithm. With the expected effect sample
sizes were greater than 10000, we generated four HMC chains in
parallel, the iterations of 8000, the burn-in period of 1000, and
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the thinning of 2. The convergence of HMC chains was diagnosed
by trace plot and the Gelman-Rubin coefficient [36].

We used Stata v16 SE (StataCorp, College Station, TX, USA) to
clean the data and conduct descriptive analysis; R (version 4.0-0,
R Foundation for Statistical Computing, Vienna, Austria) to con-
duct the LCA using package poLCA [37] and the Bayesian multilevel
models using package brms that interfaces with Stan [36].

2.6. Ethical approval

All procedures performed in this study followed the ethical
standards of the Institution Review Board of Hanoi University
of Public Health (IRB decision No. 421/2019/YTCC-HD3, dated:
06/08/2019).

2.7. Role of funding Source

The 2019 Global School-based Student Health Survey was con-
ducted with financial support from the World Health Organiza-
tion. The authors received no funding for the data analysis, data
interpretation, manuscript writing, authorship, and/or publication
of this article.

Table 1
Participants’ characteristics
Males Females

Characteristics " o - o
N weighted = 5,400,584 3495 45.9 4046 54.1
Student-level variables
Age

13 426 155 569 17-3

14 667 286 830 322

15 795 217 828 181

16 744 16-3 884 159

17 863 180 935 16-5
BMI-Z score, mean (SD) -0-4 (1:3) -0-5(1.0)
Place of residence

Rural 1717 62.7 2041 64.2

Urban 1778 373 2005 358
Living with mother/father

No 583 17-2 669 17-5

Yes 2909 82-8 3376 825
Parental monitoring, mean (SD) 5.7 (2:3) 5.4 (22)
Number of close friends

0 347 84 417 9.0

1 386 10-3 665 15-2

2 447 129 699 17-6

>3 2269 68-3 2218 582
Loneliness

No 3026 883 3438 872

Yes 468 11.7 608 12-8
Anxiety

No 3295 952 3700 928

Yes 194 4.8 344 72
Truancy

No 2782 829 3418 870

Yes 614 171 544 13-0
School health promotion programs
Percentage of students taught about, mean (SD)

Benefits of eating more fruits and vegetables 82-3 (101 82-9 (9-6)

Signs of depression and suicidal behaviors 20-8 (8-4) 214 (81)

Problems associated with drinking alcohol 709 (9-7) 715 (9-2)

Problems associated with using drugs 84.4 (6-8) 85-2 (6-7)

Benefits of physical activity 81.2 (117 81-8 (11-1)
Percentage of students taught > 3 soft skills, mean (SD) 45.4 (111 45.9 (10-3)
School quality proxy

15t tertile 1232 254 1295 214

20 tertile 1204 34.4 1385 35.7

31 tertile 1059 40-2 1366 42.9

@ Unweighted frequency
b Weighted percentage
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Figure 2. Distribution of lifestyle risk behaviors among in-school adolescents in Vietnam
Note: A: Percentage of lifestyle risk behaviors among males and females; B: Distribution of lifestyle risk behavior co-occurrence among males and females.

3. Results
3.1. Participant characteristics

Table 1 describes the characteristics of the study participants.
Our weighted sample represented a population of 5,400,584 ado-
lescents. More than half of students were females (54-1%) and
nearly two thirds of them lived in rural areas. Most of them
lived with their mother or father and had more than two close
friends. The proportion of students felt lonely and anxious in the
past 12 months was 11-7% and 4-8% in males and 12-8% and 7-2%
in females, respectively. The percentages of students truanted in
the past 30 days were 17-1% and 13-0% among males and fe-
males.

More than 70% of students were taught about the benefits of
eating more fruits and vegetables, problems associated with drink-
ing alcohol, drug consequences, and benefits of physical activity,
but only about 20% of them received training about signs of de-
pression and suicidal behaviors. Less than half of students achieved
three such modules together (45-4% in males and 45-9% in fe-
males). Results from PCA analysis showed that more than 40% of
students studied in high-quality schools.

3.2. Distribution of lifestyle risk behaviors

Figure 2 shows the profile of lifestyle risk behaviors among
in-school adolescents in Vietnam. The physical inactivity was the
most frequent lifestyle risk behavior, followed by unhealthy diet
and sedentary behavior. The percentage of smoking and drinking
were higher among males than females (4-4% vs. 1-0%, and 24.7%
vs. 20-0%, respectively). In contrast, females were more inactive
than males, with a high prevalence of physical inactivity (90-1% vs.
77-9%) and sedentary behavior (47-8% vs. 37-3%).

Almost all students had at least one risk factor (96-8% in males
and 98-5% in females). Many students had a combination of two
(34-2% in males and 34-6% in females) and three factors (27-3% in
males and 31.5% in females). Only <1% students had none of the
six risk factors. Males and females equally distributed in each cat-
egory of the number of risk factors.

Figure 3 describes the frequent combinations formed by six
lifestyle risk behaviors. The most frequent cluster in both sexes was
physical inactivity and unhealthy diet, with the proportion of 15-7%
and 16-7% in males and females, respectively. The second most fre-
quency was physical inactivity, sedentary behavior, and unhealthy
diet in females, while physical inactivity in males. The combina-
tion of four risk factors physical inactivity, sedentary behavior, low
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Table 2

Distribution of lifestyle risk behaviors among in-school adolescents in Vietnam, by two class memberships

Males

Females

Lifestyle health risk behaviors

Lower risk cluster
(n = 2579, 76-9%)

Higher risk cluster
(n = 916, 23-1%)

Lower risk cluster
(n = 3250, 82-0%)

Higher risk cluster
(n = 796, 18.0%)

Smoking, % 0.0
Alcohol consumption, % 4.1
Physical inactivity, % 781
Sedentary behavior, ¥ 31.7
Low fruit/vegetable intake, % 30-6
Unhealthy diet, % 61.8
Number of health risk behaviors, %
0 4.2
1 231
2 41-6
3 24.6
4 6.5
5 0.0
6 0.0

19-1 0-0 57
93.5 28 983
77-2 90-1 90-1
55-8 43.5 67-1
34.9 291 353
818 63-9 831
0-0 18 0-0
01 166 0-0
9.5 41.2 4.8
36-4 31.2 329
378 9.3 41-8
146 0-0 191
16 0.0 14

fruit/vegetable intake, and unhealthy diet was the third most com-
mon combination.

3.3. Cluster of lifestyle risk behaviors

Based on the criteria of interpretability from LCA analysis, we
decided to choose two latent classes as the outcome for the clus-
tering of lifestyle risk behaviors modeling. We named the two
classes based on the distribution of each risk behavior in each class
(i.e., higher and lower risk class of lifestyle behaviors). Table 2
presents the distribution of lifestyle risk behaviors among partic-
ipants by two class memberships. We detected 23-1% of males and
18.0% of females were at higher risk cluster of lifestyle behaviors.
Details on LCA results were in the Supplemental material S3.

3.4. Role of the school health promotion programs on high-risk
cluster of lifestyle behaviors

Table 3 shows factors related to a high level of lifestyle risk be-
haviors in Vietnamese male and female adolescents. After control-
ling for student-level covariates, students in high-quality schools
(3rd tertile) were less likely to have high level of lifestyle risk

behaviors than those in low-quality schools (1st tertile) (Males:
OR = 0:-67, 95% HDI: 0-46 - 0-93; Females: OR = 0-69, 95% HDI:
0-47 - 0-98).

In the base model without independent variable (Model 1),
most variation of lifestyle risk behaviors clustering attributed to
the student level; the school-level accounted for 12-4% and 13-3%
of the variation among males and females, respectively. The inclu-
sion of school-level factor explained ~12% the between-school vari-
ation of lifestyle risk behaviors clustering, while student-level co-
variates explained further 42.9% and 36.-0% of the variation.

3.5. Sensitivity analysis

Figure 4 and Supplemental materials S4 provide the sensitiv-
ity analysis of the effects of school health promotion programs on
students’ behaviors. These effects were different due to different
priors, however, yielded the same conclusion: high-quality schools
were associated with lower odds of high level of lifestyle risk be-
haviors in both males and females. Among males, the proportion
of posterior distribution less than the cutoff of OR = 1 was from
96-8% (BF = 30-3) in equivocal prior to 100% (BF > 10000) in the
optimistic prior. Among females, all results favored the hypothesis
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Table 3

The Lancet Regional Health - Western Pacific 15 (2021) 100225

Bayesian multivariable models of factors related to high-risk cluster of lifestyle behaviors among in-school adolescents in Vietnam

Model 1

Model 2

Model 3

Males
OR (95% HDI)

Females
OR (95% HDI)

Males
OR (95% HDI)

Females
OR (95% HDI)

Males
OR (95% HDI)

Females
OR (95% HDI)

Fixed part

Intercept
School quality proxy (Ref: 1% tertile)
2nd tertile
3rd tertile
Student-level covariates
Age (Ref: 13)
14
15
16
17
BMI-Z score
Place of residence (Ref: Rural)
Urban
Living with mother/father (Ref: No)
Yes
Parental monitoring
Number of close friends (Ref: 0)
1
2
>3
Loneliness (Ref: No)
Yes
Worrying (Ref: No)
Yes
Truancy (Ref: No)
Yes

0-30 (0-25-0-35)

0-20 (0-17-0-24)

0-35 (0-26-0-47)

1.08 (0-73-1.62)
0.58 (0-39-0.88)

0-23 (0-17-0-30)

1.18 (0.77-1.78)
0.64 (0.42-0.94)

0-24 (0-14-0-43)
0-98 (0.70-1.38)
0.67 (0-46-0.93)

1.08 (0.75-1.57)
1.34 (0-93-1.95)
2.10 (1.41-3.06)
3.40 (2.32-5.00)
1.03 (0-96-1.10)

1.18 (0-90-1.58)

0.78 (0.63-0.98)
0.93 (0.90-0.97)

1.15 (0-78-1.61)
1.00 (0-69-1.40)
1.15 (0-86-1.53)
1.34 (1.04-1.70)
1.20 (0-84-1.72)

2.23 (1.82-2.74)

0-13 (0.08-0-23)
1.10 (0.77-1.59)
0.69 (0.47-0.98)

1.54 (1.08-2-22)
1.48 (0-99-2.22)
2.36 (1.58-3.55)
2.24 (1.51-3-40)
0-94 (0-86-1.03)

1.30 (0-96-1.76)

0-85 (0-68-1.05)
0.93 (0.89-0.97)

1.02 (0-74-1.42)
1.22 (0-90-1.71)
117 (0.89-1.57)
1.53 (1.21-1.92)
1.68 (1.27-2-21)

2.01 (1.50-2-49)

Random part

Variance estimate
VPC (%)%
% Explained’

0-46 (0-29-0-72)
12.4

0-50 (0-29-0.72)
133

0-40 (0-25-0-64)
110
125

0-43 (0-27-0-71)
118
12:2

0-23 (0-12-0-40)
6-6
42.9

0-28 (0-15-0-48)
79
36-0

HDI: Highest density interval; OR: Odds ratio

Model 1: A null 2-level random effects model, with students at level-1, and school at level-2; Model 2: Model 1 + main predictors (i.e., School quality proxy); Model 3:

Model 2 + all student-level covariates
§ VPC calculated as: [020/(0% 0 + 3.29)]*100
T % Explained calculated as: [(0-podel N = O % Model N + 1)/ *Model n]*100

that the proportion of posterior distribution was less than the cut-
off of OR = 1, with a minimum of 94-8% (BF = 18-1) in the equivo-
cal prior. However, in equivocal prior, only 56-4% the posterior dis-
tribution of the effects of school quality on students’ behaviors was
below the cutoff of OR = 0.8 among males; this figure for females
was 49.7%.

3.6. Other factors related to high-risk cluster of lifestyle behaviors

In both sexes, parental monitoring is associated with lower
odds of lifestyle risk behaviors. In contrast, older students, those
who felt lonely, or did truancy were more likely to have a higher
level of lifestyle risk behaviors than those who did not. We also
found that worrying was associated with higher lifestyle risk be-
haviors among females (Table 3).

4. Discussion

This is the first study to investigate the prevalence, clus-
tering pattern of six major lifestyle risk behaviors of NCDs
(smoking, drinking, physical inactivity, sedentary behavior, low
fruit/vegetable intake, and unhealthy diet) and its determinants
among school-going adolescents aged 13-17 years in the na-
tionwide scope in Vietnam. We found that lifestyle risk behav-
iors were common in Vietnamese adolescents. Among all NCDs’
risk factors, unhealthy diet constituted the highest proportion in
both males and females, followed by sedentary behavior and low

fruit/vegetable intake. More than half of students had at least two
behavioral risk factors, including a quarter with more than three
factors. These factors tend to be clustered with the common pat-
terns among unhealthy diet and sedentary behaviors in both sexes,
low fruit/vegetable intake in females, and drinking in males. The
school health promotion programs quality is associated with lower
the odds of lifestyle risk behaviors. Our study provides important
empirical evidence to guide health promotion, education, and in-
terventional programs of these lifestyle risk behaviors.

Previous studies have demonstrated the health risk behaviors
among adolescents, however, we cautioned our comparisons due
to variations in investigating different risk factors, definitions and
cut-off points; and differing in targeted populations. Compared
to a study in 2538 Malaysian school-going adolescents that em-
ployed the same definitions for smoking, alcohol use, sedentary
behavior, and low fruit/vegetable intake, Vietnamese ones had a
higher prevalence of alcohol use (24-7% in Vietnamese males and
20-0% in Vietnamese females vs. 6-6% in Malaysian males and 3-5%
in Malaysian females) but lower levels of smoking, sedentary be-
havior, and low fruit/vegetable intake [22]. However, compared to
another study conducted among 3990 Brazilian adolescents, Viet-
namese adolescents had a similar prevalence of drinking alcohol
(~25%) but lower in smoking (4-4% in males and 1% in females in
the present study vs 5-7%) [21].

Clustering multiple lifestyle risk behaviors are prevalent in Viet-
namese adolescents. The prevalence of simultaneous occurrences
of at least two risk behaviors was lower than that reported among
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Male
Vague Prior
Prior: Log(OR) ~ N(O, 1002)

Posterior
(Tertile 2 vs. 1)

Posterior
(Tertile 3vs. 1)
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Female
Vague Prior
Prior: Log(OR) ~ N(0, 100%)

Posterior
(Tertile 2 vs. 1)

Posterior
(Tertile 3vs. 1)

Prior P Prior P
03 05 08 09 1 2 03 0'5 08 09 1 2
OR OR
Equivocal Prior Equivocal Prior
Prior: Log(OR) ~ N(O, 0~2072) Prior: Log(OR) ~ N(0O, 0~2072)
Posterior Posterior Posterior Posterior
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Figure 4. Prior and posterior distributions the effects of school health promotion programs on high-risk cluster of lifestyle behaviors among in-school adolescents in Vietnam.
Note: The red dash lines represent the three priors: Vague prior: ~ N(0, 1002); Equivocal prior: ~ N (0, 0-2072); Optimistic prior: ~ N (-0-693, 0-2072). In each scenario, the
posterior distributions represent the the effect of school promotion programs quality on lifestyle risk behavior clustering (i.e., the ORs of school promotion programs quality
tertile 3 and tertile 2 vs. tertile 1 - reference group). The probability of the posterior distributions less than the cut-offs of 1, 0-9, and 0-8 (represented by three vertical

lines) are shaded in a lighter gray color.

All models were adjusted for age, body mass index Z-score, place of residence, living with mother/father, parental monitoring, number of close friend, loneliness, worrying,

and truancy.

Malaysian adolescents (~60% vs. 83%) [22], Canadian children and
adolescents (64%) [38] and Brazilian adolescents (53-8% in males
and 71-1% in females) [21]. In concordance with previous literature,
an physical inactivity, sedentary behavior, and unhealthy diet were
prone to cluster either alone or together with other risk behaviors
in both sexes [39, 40]. Physical inactivity, sedentary behavior, and
unhealthy diet are three common obesogenic characteristics. The
mechanism of clustering these obesogenic behaviors among ado-
lescents is complex [41]. Prolonged physical inactivity and seden-
tary behavior are associated with an unhealthy diet by increasing
consuming junk foods while doing sedentary activities such as sit-
ting, watching television, or using a computer. This disrupts en-
ergy balance by increasing time for recreational physical activity
that in turn can promote fat accumulation [42]. Physical inactivity
and sedentary behavior combined with an unhealthy diet is nega-
tively associated with health and wellbeing among adolescents and
has been recognized as important lifestyle risk behaviors [43]. The
clustering of health risk behaviors follow Jessor’s problem-behavior
theory that adolescents engaged in one problem behavior tend to
be involved in other problems due to the shared linkages of such
behaviors in the social ecology [10]. We recommend that joint in-
terventions on multiple risk behaviors can be more effective than
individual approaches to tackle these synergistic clustering effects.

We observed more profound clustering effects of lifestyle risk
behaviors in Vietnamese females than in males, and such find-
ings corroborated current evidence [21, 22, 38]. Although gener-
ally known as lower risk-takers [44], adolescent females who en-

gaged in one high-risk behavior tend to be more involved in others
than their male counterparts. Furthermore, they have higher levels
of perceived stress [45], a tendency to ruminate, and feelings of
helplessness than males [46] that could predispose them to engage
in dysfunctional coping measures [47]. Previous evidence indicated
that adolescent females were more likely to be influenced by psy-
chosocial motives [45, 46] and therefore more likely to engage in
unhealthy risk behaviors [47]. As such, in-depth investigations into
the actual causal factors could probably shed some light on the
significant determinants of the clustering of risk behaviors among
Vietnamese females. This finding implicated the separated design
of public health interventions for males and females are needed.
Our evidence supports the idea that the school health promo-
tion programs are important for promoting and supporting healthy
lifestyles among adolescents [48-50]. Previous studies indicated
that school-based interventions are effective and feasible to im-
prove healthy dietary habits, physical activity levels, and weight
control [51]. Schools also reach a wide range of children over
a considerable amount of time. Therefore, enhancing the school
health promotion programs could be a prominent way to improve
children’s health and well-being [52, 53]. In Vietnam, education on
preventing lifestyle risk behaviors is not prerequisites in school;
they are considered as elective modules; therefore, the quality, as
well as content, might be not sufficient. It is noticed that despite of
the high prevalence of studying an individual module for prevent-
ing lifestyle risk behavior, only less than half of students completed
three or more such modules. This lack of joint knowledge on pre-
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venting lifestyle risk behaviors might lead to the pervasiveness of
lifestyle risk behaviors in our sample. We highlight a need for the
required courses that not only training on the harms of each risk
behavior separately but also emphasize the connection of these be-
haviors [54].

Regarding sensitivity analysis, we used the Bayesian approach
to analyze the effect of school health promotion programs qual-
ity on students’ behaviors among different scenarios of belief. All
the scenarios, even in the equivocal view which is conservative to
our belief, yield the same conclusion, it is more certain and con-
fident to claim the robustness of findings. Another advantage of
using Bayesian approach is its ability to measure the effect size. In
our study, we found the strong evidence that high tertile of school
health promotion programs quality had positively affect students’
behaviors (i.e.,, ORs < 1) compared to low tertile of quality, how-
ever, this effect became uncertain when compared to the cutoff of
0-8, (i.e., only 56-4% and 49.7% the posterior distribution was below
the cutoff of OR = 0-8 among males and females in the equivocal
prior, respectively). Together, our findings suggest that the effect
size of school health promotion programs quality on students’ be-
haviors probably ranges from 0-8 to 1.

Strengths of our study included using robust statistical tech-
nique to investigate clusters of NCDs risk factors and its deter-
minants among adolescents using large nationally representative
sample. We used latent class analysis that was able to identify
the underlying pattern of lifestyle risk behaviors co-occurrence and
Bayesian regression models with different informative priors to in-
vestigate the relationship between these cluster and school health
promotion programs. This is the first study to investigate the cur-
rent status of lifestyle risk behaviors in Vietnam. Most current evi-
dence investigating clusters of risk factors was done on adult pop-
ulations or in high-income countries; not many studies conducted
in lower-middle income countries. Despite its innovative approach,
the present analysis has certain limitations. First, information on
lifestyle risk behaviors was self-reported, which may lead to un-
der or overestimation. Second, due to the availability of the data,
the cutoff point for low fruit/vegetable intake cannot follow WHO
recommendation. Third, we are unable to collect various aspects of
both the school and student’s levels, such as parental education,
income, social-economic status, which maybe potential predictors
of clustering risk behaviors. Fourth, due to the cross-sectional na-
ture of the data, we could not confirm the causal inferences. Fifth,
although most adolescents in Vietnam are in school [55], our study
focused only in-school adolescents, which may not represent for
those who are not in school.

5. Conclusion

Our findings demonstrated the clustering of specific combina-
tions of lifestyle risk behaviors among Vietnamese in-school ado-
lescents. School-based interventions separated for males and fe-
males might reduce multiple health risk behaviors in adolescence.
A deeper understanding of clustered patterns may lead to develop-
ing new and comprehensive interventions to prevent the burden of
NCDs in Vietnamese adolescents.
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