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Background: Health Risk Behaviors (HRBs) represent significant Received 1 July 2021
health threats for adolescents. However, there has been relatively Accepted 19 March 2022
little research on multiple HRBs in low-and-middle-income
countries (LMIC), where the majority of the world’s youth reside. H ; Lo
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This study’s objective was to investigate common HRB, their co- tobacco and alcohol use;
occurrence, and socio-demographic risk and protective factors physical inactivity; unhealthy
among Vietnamese adolescents. diet; adolescence; low-and-
Methods: A cross-sectional self-report survey examined four major middle income countries;
HRBs (tobacco use, alcohol consumption, physical inactivity, Vietnam
unhealthy diet) among 431 adolescents aged 15-17 years in five
Vietnam provinces. Key HRB risk and protective factors assessed
included perceived social norms, parental monitoring of
adolescents’ behavior, and health behavior literacy.
Results: Forty-one percent of participants reported no HRB, 39%
reported one, and 20% reported two or more HRBs. The four
HRBs appeared to be independent, with an exploratory factor
analysis indicating no common factors. The most prevalent HRB
was unhealthy diet (45%), the least prevalent smoking (1%). The
most frequent co-occurring HRBs were unhealthy diet and
physical inactivity. Adolescents’ perceptions of norms regarding
HRBs and related healthy behaviors were the most consistent risk
factor for the HRB. Diet was the HRB most influenced by the
social variables perceived norms, monitoring, and health literacy.
Conclusions: Results highlight the importance of future research
identifying the temporal order of co-occurrence of multiple HRB,
how differing conceptualizations of socio-cultural roles impact on
HRB, and health-related effects of HRB co-occurrence. Such
information will be useful for maximizing the efficiency and
effectiveness of prevention and intervention programs in LMIC.
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Introduction

‘Health risk behaviors’ (HRBs) are behaviors that directly or indirectly influence physical
health and wellbeing (DiClemente, Hansen, & Ponton, 2013). HRBs can be grouped into
two major categories: (a) behaviors that are harmful (e.g. smoking; drinking alcohol); (b)
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behaviors where a failure to engage in the behavior is harmful (e.g. low physical activity)
(DiClemente, Santelli, & Crosby, 2009). There are a number of such HRBs, but public
health often has focused on four of the most prevalent and impactful, sometimes
called the ‘Big Four’ HRBs (World Health Organization, 2003) - tobacco use, harmful
use of alcohol, physical inactivity, unhealthy diet - because they are major risk factors
for chronic non-communicable diseases and contribute globally to about fifty percent
of premature deaths (World Health Orgniazation, 2021). For instance unhealthy diet,
characterized by excessive saturated fat, sugar, salt, etc., is associated with many
chronic and severe diseases such as Type II diabetes, cancer and cardiovascular diseases
(Te Morenga & Montez, 2017). Tobacco use is the leading preventable cause of death,
with 6.4 million deaths per year worldwide (Reitsma et al., 2017).

Although many consequences of such behaviors occur in mid-life, adolescence is a
critical time-period because it is when the behaviors often begin and become habitual
(Djoussé, Driver, & Gaziano, 2009), increasing long-term risk for disease and pre-
mature mortality. Late adolescence is a particularly critical time period because it is
immediately prior to when legal adulthood begins in many countries, which can result
in reduced parental influence regarding health-related behaviors (Weinstein, 2004).
These HRBs among adolescents also can impose significant economic and social
burdens on society (Kann et al., 2018). According to a study conducted by the World
Health Organization in 50 countries (including LMIC) from the early 1980s to 2020, a
significantly increasing number of adolescents engage in HRBs (i.e. smoking, alcohol
drinking, physical inactivity, sexual behavior) (Currie, Gabhainn, & Godeau, 2009;
Incheley et al,, 2020). In the U.S., 66% of adolescents aged 12-18 reported at least one
significant HRB (Heneghan et al., 2015). In less developed countries, rates are similar
or higher. In Brazil, for instance, it was found that 98% of the high school students
had at least one HRB, with almost 10% engaging in four behaviors (Brito, Hardman,
& Barros, 2015).

In fact, there is strong evidence that adolescents tend to engage in multiple HRBs, not
single HRB (Campbell et al., 2020) i.e. adolescents who engage in one type of health-risk
behavior such as alcohol use may be more likely to engage in other types of HRB, such as
smoking. Data from the USA, for instance, found that 33% of adolescents aged 14-17
years engage in two or more HRBs (Spring, Moller, & Coons, 2012). Dumith, Muniz,
Tassitano, Hallal, & Menezes (2012) reported that over 60% of Brazilian adolescents
had co-occurrence of two or more risk behaviors. This means that prevention and inter-
vention programs will be most efficient if they can target the mechanisms underlying this
co-occurrence, versus having separate programs for each HRB. The specific combi-
nations of these HRBs varies in different populations (Spring et al, 2012), but the
issue of efliciency is particularly important in LMIC with their limited resources,
However, at present there is still debate regarding the mechanisms underlying these
associations between HRB. Two main models have been posited. First, it has been
hypothesized that there is a ‘gateway’ process, where a person engaging in one type of
HRB leads to others through increased exposure and desire to engage in other unsafe
behaviors, in part through a decreased sense of the perceived danger of other risk behav-
ior, given the apparent lack of immediate consequences for the initial HRB (Hale &
Viner, 2016). A second hypothesis is that comorbidity of HRB reflects a set of
common psychological or social factors risk factor for HRB (Alamian & Paradis, 2012;
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Jackson, Henderson, Frank, & Haw, 2012). For example, Jessor (2016)’s ‘problem behav-
ior theory’ suggests that multiple risk behaviors may occur as a function of a single
behavioral syndrome reflecting a general dimension of unconventionality or rebellious-
ness. The likelihood of development of such a syndrome is based on psychosocial protec-
tive and risk factors related to emotional well-being, and connection to the conventional
institutions of family, school and religion (Jessor & Turbin, 2016). According to this
theory, the co-occurrence of HRBs in adolescence reflects the common goal of an ado-
lescent demonstrating to his or her community independence and maturity, and repu-
diating conventionality (Jessor, Turbin, & Costa, 1998).

The present study focused on the Southeast Asian LMIC of Vietnam. HRBs are particu-
larly important in LMICs because of relatively limited health system capacity and research
capacity to identify and reduce risk, and to prevent or treat consequent health problems.
Improving the health of adolescents in LMICs is considered essential for the world to
achieve the United Nations Sustainable Development goals, and the specific targets and
goals included in the United Nations Secretary General’s Global Strategy for Women’s,
Children’s and Adolescents’ Health (UN General Assembly, 2015). Although there has
been an increased call for research on the health and wellbeing of adolescents and
young people to guide these and other global and national initiatives, research in
LMICs has been and remains limited (Xu et al., 2020). In addition, because HRBs are
highly embedded in culture and influenced by cultural norms (e.g. regarding rebellious-
ness), research in a range and variety of countries is critical. For instance, in Europe the
gender ratio for smoking is close to 1 (i.e. equal numbers of males and females smoke)
whereas in the Vietnam it is close to 10/1 (World Health Organization, 2015), strongly
suggesting the influence of culture on the development. Adolescents’ eating behaviors,
for instance, are strongly formed by social environment (e.g. family socioeconomic
status, peers and friends’ norms; (Kabir, Miah, & Islam, 2018) and culture (Levine et al.,
2016)). Thus, it is important to assess HRBs in a range of countries. The prevalence of
HRBs in LMICs has been estimated in several studies, including in Vietnam (Pengpid
et al, 2016). However, research in Vietnam is relatively old (Nguyen, Rahman,
Emerson, Nguyen, & Zabin, 2012; Phuong, Huong, Tien, Chi, & Dunne, 2013), which
given the strong link between HRB and social factors which have been rapidly changing
in countries like Vietnam, is a critical limitation. The extant research in Vietnam is also
geographically limited (Phuong et al., 2013), and/or focused on a single HRB (Nguyen,
Hong, Hoang, Nguyen, & Robert, 2013; Nguyen, Tang, Dibley, & Sibbritt, 2009).
Finally, to the best of our knowledge, no studies have been conducted investigating mul-
tiple HRBs among Vietnamese adolescents. The goals of the present study therefore were
to estimate the prevalence of single and co-concurrent HRBs (unhealthy dietary behaviors,
physical inactivity, tobacco and alcohol consumption), and to explore HRBs’ associations
with social-cultural factors among adolescents in five provinces in Vietnam.

Methods
Participant and sampling frame

The present study conducted a cross-sectional assessment of four HRBs (unhealthy
dietary behaviors, physical inactivity, tobacco consumption, alcohol consumption)
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among Vietnamese adolescents aged 15-17 years, using stratified random sampling. The
goal of the sampling frame was to sample a range of socio-economic conditions in
Vietnam. Five provinces were thus purposively selected to provide varying (a) levels of
urbanization, (b) socio-economic conditions, and (c) geographical character (coastal
vs. inland; north vs center vs south). Provinces included Hanoi (the national capital,
highly urbanized, northern and inland), Lao Cai (rural, north-western, mountain
region), Ninh Binh (semi-rural, north-central, inland), Khanh Hoa (semi-rural, south-
central, coastal), Dong Nai (urban, southern, inland). For data collection feasibility,
only adolescents attending high schools were recruited. Adolescents were recruited
through public schools, which the large majority of Vietnamese children attend
(General Statistics Office of Vietnam, 2019). Within each province except Hanoi, three
high-schools were purposively selected so as to best reflect the urban vs. rural nature
of the province; because Hanoi is much larger than the other provinces, six schools
were selected there, using the same guidelines. In each school, stratified random sampling
was used to select 24 students from grade 10 and from grade 11th to recruit for study
participation. Four students were randomly selected from each of three randomly
selected classes within each grade. For the inferential analyses, the minimum sample
size was set at 415 participants, in order to produce power of .80 to detect an effect
size of 6 = .275 (Spybrook et al., 2011). The total number of students invited to partici-
pate in the study was 432. The number of students whose parents provided consent and
the adolescent provided assent was 431, for a 99% participation rate. The one exclusion
criterion was a lack of adolescent or parental consent. The mean age of participants was
15.6 (SD = 0.6). Sample description is provided in Table 1. STROBE guidelines for cross-
sectional research (Vandenbroucke et al., 2007) were used in this study and manuscript.

Measures

Demographic information: Socioeconomic and demographic information including age,
residential area (urban, vs. non-urban), gender (male/female) and other similar variables
were collected in a demographic questionnaire.

Physical inactivity: Participants’ physical activity was assessed using the International
Physical Activity Questionnaire (IPAQ Research Committee, 2005). The IPAQ covers
four domains of physical activity: work-related, transportation, housework/gardening,

Table 1. Sample characteristics.

Variable Mean STD
Age (range =15 to 17) 15.64 0.59
N %
Gender
Female 209 49
Male 222 51
Residence area
Urban area 287 67
Non-urban area 144 33
Family structure
Living with both parents 369 86
Parents separated or divorced 33 8
Parent deceased 28 6

Note: Total N=431.
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and leisure-time activity. In each of the four domains the number of days per week and
time per day spent in both moderate and vigorous activity are recorded. To assist partici-
pants in the recall (e.g. for time spent walking), they were given a 7-day monitoring form
to track physical activities for one week prior to the study assessment. Scoring of the
IPAQ followed the IPAQ Guidelines (IPAQ Research Committee, 2005). Continuous
data are reported using the IPAQ scoring system that summarizes the intensity of phys-
ical activity, with an overall Total Score for physical activity based on for MET (metabolic
equivalent) minutes per week score. In the present study, internal reliability for the Total
Score scale was 0.74. Participants also were classified into high, moderate and low levels
of activity, based on their Total Score (IPAQ Research Committee, 2005). For the pur-
poses of this study, ‘physical inactivity’ was defined as being in the IPAQ ‘low’ level
(Dumith, Hallal, Reis, & Kohl III, 2011).

Dietary behaviors: Participants’ dietary behaviors were evaluated using the Adolescent
Food Habits Checklist (AFHC) (Johnson, Wardle, & Griffith, 2002), a measure of adoles-
cent eating behavior widely used around the world (Kalkan, 2019). The AFHC consists of
23 items evaluating consumption of healthy foods (e.g. fruits and vegetables), unhealthy
foods (e.g. fats, fast-food), and daily diet patterns in general. Participants answer ‘true’ or
‘false’ or ‘not applicable’ regarding whether they typically engage in the dietary practice.
Total scores were calculated, adjusting the number of healthy responses for the number
of ‘not applicable’ and missing responses (AFHC score = [number of ‘healthy’ responses
- number of ‘unhealthy’ responses] x [23/number of items completed]); thus, a negative
score indicates more unhealthy than healthy responses. The AHFC does not have specific
guidelines for binary categorization into ‘healthy’ or ‘unhealthy’ eating, therefore for the
present study, ‘unhealthy’ eating was defined as having more unhealthy eating behaviors
than healthy eating behaviors. In this study, the Total Score had an internal consistency
of 0.77.

Tobacco and alcohol consumption: Four items taken from U.S. Centers for Disease
Control National Youth Tobacco Survey (US.CDC, 2015; Weiss, Nguyen, Trung, Ngo,
& Lau, 2019) were used to assess tobacco smoking; parallel items similarly worded
were used to assess alcohol use. These items assessed (a) lifetime smoking, or lifetime
alcohol drinking, (b) when the most recent use was, (c) the number of times tobacco,
or alcohol, was used in the past 30 days, and (d) the number of times tobacco, or
alcohol, was typically used in a day. Items ‘c’ and ‘d’ were standardized within domain
and summed to provide continuous smoking and drinking variables. Because only two
items were used to compute each of these variables, internal consistency estimates
were not computed. Binary variables for tobacco use and alcohol consumption were
assessed as any use.

Perceived norms for health risk behaviors: Students’ perceived social norms for diet and
physical activity were assessed with the Perceived Social Norms measure (Ball, Jeffery,
Abbott, McNaughton, & Crawford, 2010). For each of 18 items across these two
domains, students indicated their level of agreement on a Likert 5-point scale. One set
of items assessed descriptive norms regarding parents’ and (separately) peers’ behavior
(e.g. ‘My friends often eat fast food’); the second set of items assessed perceptions of
injunctive norms, parents’ and peers’ approval of these behaviors (e.g. “My parents
think I should eat healthily’). For alcohol and tobacco use, descriptive norms were
assessed by asking students to estimate the prevalence of smoking and drinking for
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adults and youth, with five responses options ranging from 0-20% to 81%-100%. To
assess injunctive norms for alcohol and tobacco use, students rated the extent to
which (a) their parents, (b) adults in general, and (c) their peers approved or disapproved
of these behaviors, on a 0 = strongly disapprove to 4 = strongly approve scale. Internal
consistency for all four of the scales was in the acceptable range, 0.68, 0.63, 0.68., and
0.71 for respectively Diet, Physical Activity, Alcohol, and Tobacco.

Parental Monitoring: The Parental Monitoring measure, based on the Stormshak, Car-
uthers, and Dishion (2006) measure, assessed adolescents’ beliefs about the extent to
which their parents were aware of what the adolescent was doing during free time,
outside the home, etc. (e.g. ‘How often do your parents know what you do during your
free time’). Parents completed a similar questionnaire, worded in parallel. Responses
are rated on a 0 =Never to 4 = Always scale with items summed, within informant, to
produce a separate Parental Monitoring score, by informants. Internal consistency for
the child-report of parental monitoring was 0.82 and for parent-report 0.83.

Health behavior literacy: Students and parents completed a health behavior literacy
inventory, based on WHO guidelines regarding physical activity, diet, and alcohol and
tobacco consumption (World Health Organization, 2003, 2015). The inventory assesses
knowledge about the negative health consequences of HRB (e.g. ‘An unhealthy diet can
cause diabetes’), rated on a 0 =strongly disagree to 4 = strongly agree scale. It also
assessed knowledge regarding specific dangers associated with each of the HRB (e.g.
‘Tobacco is an addictive substance’). Items are summed within informant to create a
total health behavior literacy score, separately by informant. Internal consistency for
child-report was 0.73 and for parent-report 0.76.

All measures were culturally adapted and translated into Vietnamese, and back trans-
lated by the research team which includes Vietnamese psychologists fluent in English,
and an American psychologist fluent in Vietnamese, using standard procedures to maintain
the semantic, technical, and conceptual content of the measure (e.g. Byrne, 2016; Hamble-
ton, 2005). The research team is highly experienced in measure adaptation and translation,
being the official translator and distributor for a number of well-respected assessment
instruments (e.g. the WISC-IV;(Dang, Weiss, Pollack, & Nguyen, 2012); the Child Behavior
Checklist; (Dang, Nguyen, & Weiss, 2017) in Vietnam. To confirm the readability of the
measures, the measures were piloted with 10 high school students to ensure that the ques-
tions and answer options were clearly written and understood correctly.

Data collection procedures

A letter introducing the project was sent to the provincial Department of Education and
Training (DOET) in the five selected provinces. All DOET contacted were interested in
and agreed to participate in the study. Project research assistants contacted principals of
selected schools to discuss the project details. All schools agreed to participate in the
project, after which research assistants randomly selected three classes per grade, then
four students per class from a blinded student list. Students were contacted by their
teacher and informed about the study. The study was discussed in detail with those inter-
ested; all students voluntarily provided assent and were given an introduction letter and
consent form for their parents. All but one student’s parents gave permission for their
child to participate.
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After students’ assent and parental consent were obtained, a meeting with all partici-
pating students in each school was held during a free period, and the students were
instructed how to complete a 7-day monitoring form of their physical activity and
eating behavior. After returning the completed form one week later, researcher assistants
administered the main survey during available times arranged by the school. Each par-
ticipant received compensation of 50,000 VND (equivalent to about US $2.50). The
study was approved by the Institutional Review Board of the University.

Statistical analyses

Analyses were conducted using SAS (9.4). Means, frequencies and confidence intervals
for the descriptive analyses were computed using SAS Proc Means and Proc Freq. As
part of the descriptive analyses, to summarize relations among the four HRB, we con-
ducted an exploratory factor analysis in SAS Proc Factor, using iterated principal
factor analysis estimation, with squared multiple correlations as the initial communality
estimates.

For the primary inferential analyses for the IPAQ and AFHC, general linear models
(GLM) were used via SAS Proc GLM with the two HRB as the dependent variables in
separate models. In the primary inferential analyses for Drinking and Smoking,
ordinal models were used in logistic regression with a cumulative link function, in
SAS Proc Logistic. The categorical independent variables included gender, residence,
and family structure; continuous independent variables included the perceived norms,
parental monitoring, and health literacy variables. Subscales for the independent vari-
ables (e.g. for Perceived Norms: healthy diet; physical activity; drinking; smoking)
were included in the same model (e.g. in the model with Perceived Norms as the inde-
pendent variable) to control for confounding across the subscales. These analyses were
also run with Province included as a random categorical (df =4) effect, but because
inclusion of Province had minimal effects on results, for the sake of parsimony analyses
without Province are reported below.

Results
Preliminary analyses

Prevalence of individual health risk behaviors are reported in Table 2. Across the four
HRBs, the most prevalent HRB was unhealthy diet (45%), and the least prevalent
smoking (1%). Of the 431 adolescents, 41% reported no HRB, 39% reported one HRB,
19% reported two HRBs, and 1% reported three HRBs; no participants reported involve-
ment in all four HRBs (Table 3). The most frequent combination of two HRB was

Table 2. Prevalence of individual health risk behaviors.

Health Risk Behavior N (of total sample) Percent (95% confidence interval)
Unhealthy Diet 194 (431) 45% (40% to 50%)

Low Physical Activity 96 (419) 23% (19% to 27%)

Drinking (alcohol) 57 (430) 13% (10% to 16%)

Smoking (tobacco) 4 (431) 1% (0% to 2%)
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Table 3. Comorbidity of health risk behaviors.

# of HRB per participant Health Risk Behavior(s) # of participants, % (95% confidence interval)
0 174 (of 431) 41%(36% to 45%)
1 169 (of 431) 39% (35% to 44%)
Diet 110 65% (58% to 72%)
Physical 32 19% (13% to 25%
Drinking 25 15% (9% to 20%)
Smoking 2 1% (0% to 3%)
2 82 (of 431) 19% (15% to 23%)
Diet, Physical 55 67% (57% to 77%)
Diet, Drinking 22 27% (17% to 37%)
Diet, Smoking 1 1% (0% to 4%)
Physical, Drinking 4 5% (0% to 10%)
3 6 (of 431) 1% (0% to 3%)
Diet, Physical, Drinking 5 83% (40% to 100%)
Diet, Drinking, Smoking 1 17% (0% to 60%)
4 0 (of 431) 0%

unhealthy diet and physical inactivity, which follows logically from the rates of the
individual HRB (i.e. unhealthy diet and physical inactivity were the first and second
most frequently reported HRB). Correlations of the four HRB were assessed and
reported in Table 4. To summarize the magnitudes of these relations among the
HRB, we computed the internal consistency for the four continuous scales. The
internal consistency alpha was .07, indicating that the four scales were essentially inde-
pendent. The results of the exploratory factor analysis on the four scales confirmed this
result. The first eigenvalue from the matrix was less than 1.00 (0.22) indicating there
were no common factors underlying these four scales, i.e. they represent four indepen-
dent behaviors.

Primary analyses

The next analyses focused on socio-cultural risk factors for the HRBs, with the first factor
assessed gender. Males and females did not differ significantly for HRB Diet or Drinking
but did on for Physical Activity, with females approximately .35 of an SD lower than
males. The model for Gender predicting Smoking was non-estimable, because all four
of the participants who reported smoking were male. Non-urban (consisting of rural
and semi-rural) and urban areas did not differ on any HRB, with effect on Smoking
non-estimable, because all participants who reported smoking were from non-urban
areas. Family structure (living with both parents, or not) differed significantly predicted
Drinking, with participants who were not living with both parents having odds of report-
ing drinking almost three and a half times that for participants who reported living with
both parents. Adolescents’ perceptions of health-related norms were analyzed in four
models across the four HRB as the dependent variable, with each domain of norms
(diet, physical activity, drinking, smoking) as the independent variables in all four
models (see Table 5). The overall effect of the four norms was significant for Diet
(AFHC), F(4,413) = 13.54, p <.0001, R*=0.12, indicating that adolescents’ perceptions
of health-related norms were related to their levels of Healthy Diet. Within this
model, perceptions of norms regarding both diet and physical activity had significant
effects, F(1,413)=31.58, p<.0001, f=0.28 and F(1,413)=625 p<.05, B=0.12
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Table 4. Correlations among continuous health risk behavior scales.

HRB AFHC IPAQ Drinking Smoking
AFHC 1.00

IPAQ 0.15** 1.00

Drinking 0.06 -11* 1.00

Smoking 0.04 0.03 -.01 1.00

Note: AFHC = Adolescent Food Habits Checklist; IPAQ = International Physical Activity Questionnaire. The AFHC and IPAQ
questionnaires are reverse scored for this table, so that all four behaviors are scored in the same direction (higher scores
indicating higher levels of unhealthy behaviors). * =p < .05, ** =p <.01.

(respectively) on adolescent eating behavior. As would be expected, the beta effect size for
norms regarding diet was larger than the beta for physical activity, by a factor of more
than two: $ = 0.28 and p = 0.12, respectively; i.e. norms regarding diet were more strongly
related to adolescents’ reported dietary behaviors than norms regarding physical activity.

Table 5. Demographic and health-related predictors of the health risk behavior scales.

DV
v AFHC IPAQ Drinking Smoking
Gender?® F(1,416) =0.20 F(1,416) = X[11=1.66 Non-
12.88%**, estimable®
R?=0.03, B =
0.17
Residence (urban vs. non- F(1,416) =0.43 F(1,416) =0.83 x[11=0.00 Non-
urban) estimable®
Family structure F(2,414) = 0.39 F(2,414)=0.12 X[1]1=4.02%, x[11=0.39
OR=3.40
Norms*© Total Model F(4,413) = F(4,413)= x4l = x[4]1=7.39
13.54%*#*%, 9.04%¥*%, 24, 75%%*%,
R*=0.12 R?=0.08 R’=0.13
Healthy Diet F(1,413) =31.58****  F(1,413)=0.01 x[1]1=0.00
B=0.28
Physical F(1,413) = 6.25%, F(1,413) = x[11=1.70
Activity B=0.12 19.27%%%x,
B=022
Drinking F(1,413)=0.18 F(1,413) =10.82%*, X[1] = 24.25%***,
$=0.20 OR=3.62
Smoking F(1,413) =0.00 F(1,413) =0.01 X[1]=8.29%*,
OR=0.43
Monitor Total Model F(2,405) = 4.15%, F(2,405) = 0.09 x [21=4.21 X [2]=3.55
R*=0.02
Child-report F(1,405) = 6.10%,
B=0.13
Parent-report F(1,405) =0.35
Health Total Model F(2,403) = 6.98***,  F(2,403) = 0.41 x [21=1.35 X [21=10.51
Literacy R*=0.03
Child HL F(1,403) = 11.16***,
B=0.17
Parent HL F(1,403)=0.26

Notes: DV = dependent variable, IV =Independent variable in the model being assessed. OR =0dds ratio. *=f for
Gender is based on female = 1, male- =2, with a positive beta indicating higher levels of the construct for males. ®
= effects of Gender and Residence were not estimable for Smoking, because all participants who reported smoking
were male, and from non-urban areas. = Norms are scored so that higher scores represent higher perceived normative
levels for the behavior; i.e. for Healthy Diet and Physical Activity higher norms represent higher levels of healthy behav-
ior, whereas for Drinking and Smoking higher norms represent higher levels of unhealthy behavior. ‘Total Model’ refers
to the simultaneous effects of the subscales of the IV (e.g. for Health Literacy: Child Health Literacy, and Parent Health
Literacy), which controls for confounding across the subscales. For the AFHC and IPAQ, General Linear Model analyses
were used, which produce an F statistic, with F(a, b) indicating ‘a’ numerator degrees of freedom, and ‘b’ denominator
degrees of freedom; for Drinking and Smoking, ordinal logistic regression was used which produces a chi-square
statistic.
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Norms also had a significant overall effect on the IPAQ Physical Activity, F(4,413) =
9.04, p <.0001, R*=0.08. Within this model, effects of norms regarding physical activity
and drinking of alcohol were significant, F(1,413) =19.27, p<.0001, $=0.22 and F
(1,413)=10.82, p<.01, =0.20 (respectively), indicating that the more adolescents
believed that being physically active and drinking alcohol was normative, the higher
their reported of levels of physical activity. Because females had reported significantly
lower levels of physical activity than males, we tested whether females and males
differed for their norms regarding physical activity. The effect was significant, F
(1,429) =11.03, p <.001, R?= .03, with females about .31 of a standard deviation lower
than males. To determine if this difference in norms was related to the gender difference
in self-reported physical activity, we tested whether including norms in the model
reduced gender differences in self-reported physical activity. Using the Hayes SAS
PROCESS macro (Hayes, 2013), we found that inclusion of perceptions of norms did sig-
nificantly reduce male vs. female differences in regards to physical activity, t(416) =
—2.35, p<.05 (for the indirect effect), indicating that norms are a potential mediator
of these gender differences in physical activity.

Norms also had a significant effect on adolescent reports of drinking of alcohol, x[4] =
24.75, p <.0001, R*=0.13. Within this model, the effects of norms regarding drinking of
alcohol and smoking of tobacco were significant, x[1] = 24.25, p <.0001, OR = 3.62; [1]
=8.29, p <.01, OR = 0.43, respectively. Thus, the higher the perceived norm for drinking,
the higher the level on the ordinal drinking scale that the adolescent reported whereas in
contrast, the higher the perceived norm for smoking the lower the level the adolescent
reported on the ordinal drinking scale. The overall effect of norms on adolescent
reports of smoking was non-significant.

The next analyses focused on the adolescent-report and parent-report parental moni-
toring variables, with the two variables analyzed in the same general linear models. For
Unhealthy Diet, the overall effect of the model was significant, F(2,405) = 4.15, p < .05, R?
=0.02, indicating that parental monitoring was related to adolescents’ reports of the
extent to which they engaged in healthy diet behaviors. Within this model, the child-
report of parental monitoring was significant, F(1,405) =6.10, p <.001, with =0.13.
Thus, the more the child reported that the parent monitored their behavior, the healthier
the diet the child reported. Effects of parental monitoring on the other HRB were non-
significant.

The final analyses focused on adolescent and parent reports of health literacy, which
were analyzed similarly to the parental monitoring variables. For Unhealthy Diet, the
overall model was significant, F(2,403) = 6.98, p <.001, R%*=0.03, indicating that health
literacy was related to levels of unhealthy Diet. Within this model, the effect of adolescent
health literacy was significant, t(1) = 3.34, p <.001, p = 0.17, indicating that the higher the
level of adolescent health literacy, the lower the levels of reported unhealthy diet. The
effects of health literacy on the other three HRBs were non-significant.

Discussion

There have been relatively few studies investigating the ‘Big Four’ HRBs and their co-
occurrence in LMIC, and the present study is the first assessing these four behaviors
in Vietnam. Understanding their co-occurrence and common risk factors is important
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because these HRBs impact on health in overlapping processes with cumulative effects,
which means that prevention programs may be most efficient when considering the
HRBs together (Alamian & Paradis, 2012). For instance, as discussed below, our
results indicated that norms for physical activity were linked to healthy diet as well as
physical activity, which suggests that norms for physical activity may be a particularly
important intervention target.

Overall, the prevalence of HRBs among the Vietnamese adolescents in our sample was
high, with over half of the sample (59%) engaged in one or more of HRBs. This is similar
to other studies in LMICs such as Brazil, Turkey, Laos and Cambodia (Brito et al., 2015;
Geckil & Diindar, 2011; Sok et al., 2020; Sychareun, Thomsen, & Faxelid, 2011). In our
sample, unhealthy diet (e.g. consumption of fats, sugars, fast-food, low intake of fruits,
vegetables) was the most frequent (45%) HRB reported. Studies in high income countries
(e.g. Korea, Italy, Australia) (Chung, Ersig, & McCarthy, 2019; Viggiano et al., 2015; Wil-
liams & Mummery, 2012) and in Western countries (Inchley et al., 2020) have similarly
found that unhealthy eating behavior is a common problem among adolescents. This
suggests that even in LMIC countries such as Vietnam where the fast food and similar
industries are less developed and where farming remains a central part of the national
identity, unhealthy diet among adolescents is a major HRB. There are several factors
that may make unhealthy diet relatively common during adolescence. First, nutritional
needs increase during adolescence because of the increased growth rate and changes
in body composition associated with puberty, resulting in increased interest in food con-
sumption irrespective of health (World Health Organization, 2005). In addition, factors
such as a desire for independence and acceptance by peers, increased mobility, and
greater time spent outside the home may result in adolescents making less healthy
food choices (Lowe, Morton, & Reichelt, 2020).

The second most frequent HRB was low levels of physical activity (23%). Rates of
physical inactivity among youth in developing countries has been found to vary signifi-
cantly across countries and geographical regions, even when using the same measure (the
IPAQ), which may be due in part to the fact there is no generally agreed upon cut-off for
IPAQ physical activity vs inactivity. More generally, there is no inherent cut-point for
defining ‘unhealthy’ levels of physical inactivity (as well as unhealthy diet), whereas
alcohol and tobacco use can, and do, have a simple but logical cutoff for adolescents:
any use is unhealthy. Our results were similar to other studies which defined physical
inactivity as (a) less than 30 min of moderate to intense activity 5 days a week, and /
or (b) less than 20 min of vigorous activity 3 days a week. For example, Pengpid et al.
(2016) and Sok et al. (2020) in South Asia and China, and South East Asia reported
rates of physical inactivity of 27% and 22%, respectively. With the same cut-off for phys-
ical inactivity, the crude worldwide prevalence of physical inactivity among adolescents
using the above criterion was 21% (Dumith et al., 2011). However, the prevalence of
physical inactivity in our study is much lower than that reported in other studies in
the region that used a threshold of ‘physical inactivity’ of less than 60 min of moderate
to vigorous-intensity physical activity per day at least 5 days per week (e.g. Peltzer and
Pengpid (2016)). One limitation of research on physical inactivity, as well as for research
on unhealthy diet, is that there has been little study of the validity of cut-points for
measures such as the IPAQ. Further research to establish clear criteria for unhealthy
levels of physical activity and for unhealth dietary behaviors will be important in order
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to provide meaningful estimates of the rates of these health risk behaviors. This will be
important to help determine how the prevalence of low physical activity differs across
countries, and to identify potential socio-cultural factors underlying these differences.

One of the most important findings in regards to this HRB was that females showed
significantly higher rates of physical inactivity than males, which is in line with global
findings (Guthold, Stevens, Riley, & Bull, 2020). Several possible explanations have
been suggested. First, biological factors may contribute to sex differences in physical
activity, with girls” earlier physical and social maturation potentially linked to develop-
mentally early reductions in adolescence-related increases in levels of physical activity
(Sember, Jurak, Kova¢, Duri¢, & Starc, 2020). Second, females typically receive less
peer support for engaging in physical activity than males do (Edwardson, Gorely,
Pearson, & Atkin, 2013), which was supported by our finding that perceived social
norms for physical activity partly explained the lower levels of physical activity for
females in our study. Finally, support for sports participation and similar physical activi-
ties also appears to be weaker for girls than for boys (Telford, Telford, Olive, Cochrane, &
Davey, 2016).

The prevalence of alcohol consumption in the past 30 days by our high school adoles-
cents was relatively high, about 13%. This r may reflect the fact that in some parts of Viet-
namese society, a ‘drinking culture’ is prevalent (Lincoln, 2016). For instance,
consumption of alcoholic beverages — beer, rice wine, liquor, etc. —is an integral part
of many social occasions or ceremonies, such as traditional holidays (e.g. Lunar New
Year), and for rites of passage such as weddings, funerals, etc. Alcohol also is often a
part of business transactions and everyday sociality which provides role models for ado-
lescent drinking. Consequently, adolescent drinking of alcohol can be an acceptable
social behavior, particularly within the family, and can be encouraged even from an
early age, potentially leading to harmful long-term drinking patterns (Thoa, Hoang,
Nguyen, Pham, & Plant, 2013). This possibility is supported by the finding that perceived
norms for drinking were relatively strongly related ( =0.31) to reported alcohol drink-
ing. This suggests that it may be particularly useful for anti-adolescent drinking cam-
paigns to use key opinion leaders or other individuals respected by adolescents in
Vietnam.

One positive finding in our results was that only a very small proportion of the ado-
lescents reported tobacco smoking, with 1% reporting having smoked in the past 30 days
This rate is lower than reported in some previous studies in Vietnam, with some other
studies reporting 9% to 18% of youth experimenting with smoking and 3% to 5%
being current smokers (Joung & Chung, 2019; Page, Thanh Huong, Chi, & Truong
Quang, 2010). There are several possible explanations for this difference. First, it is poss-
ible that social desirability factors lowered the reported rate of smoking in our sample,
although why that would influence our study differentially from prior studies reporting
higher rates is unclear. Nor is it evident why it would differentially affect tobacco
smoking vs. alcohol drinking. Second, it is possible that the lower smoking rate in our
study may be due to the participants’ age range. Prior studies in Vietnam found that
the higher the age range (17 - 19 years old, as compared to 15-17 years old, and 13-
15 years old), the higher smoking rate (Nguyen et al.,, 2012; Thoa et al., 2013). Our
study used a relatively younger sample, with a mean age of 15.6 years of age, which
may be one reason why our rate was lower. However, smoking prevalence has been
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declining in Vietnam over the past ten years or so, in response to a national anti-tobacco
campaign (Fuchs Tarlovsky & Gonzalez Icaza, 2019). Ultimately, however, given its very
low rates, analyses involving smoking must be interpreted cautiously, because of the con-
sequent very low statistical power.

The proportion of adolescents engaged in two or more HRBs (approximately 20%)
was similar to that found in other LMIC in the region such as Cambodia (Sok et al.,
2020), but somewhat lower than found in some other LMIC such as Brazil (Brito
et al., 2015). The present study’s somewhat lower rates of co-occurrence may be due
at least in part to differences in the overall rates between the present study and research
such as that in Brazil (Brito et al., 2015), since co-occurrence will be strongly influenced
by individual rates. In any case, adolescents with two or more HRB may be a particularly
important group requiring special attention since future health problems can be caused
by a set of aggregated risks behaviors, such as throat cancer, which can be explained by
the simultaneous occurrence of two unhealthy habits (smoking and alcohol consump-
tion) (World Health Organization, 2009).

With regards to specific areas of overlap, the most frequent co-occurring HRBs were
unhealthy diet and low levels of physical activity, which likely reflects in part the logic of
these two behaviors; i.e. individuals interested in supporting their health may target two
major, obvious areas: diet and physical activity. The second most frequent co-occurring
HRBs were physical inactivity and drinking, which were negatively linked; i.e. the more
physical activity that the adolescent reported (i.e. in a healthy direction), the more drink-
ing behavior the adolescent reported (i.e. in an unhealthy direction). Results from other
studies have been somewhat inconsistent in regards to this finding. Some studies have
found minimal relations (Niedermeier, Frithauf, Kopp-Wilfling, Rumpold, & Kopp,
2018), negative relations (Badicu, Zamani Sani, & Fathirezaie, 2020), or positive relations
(Leasure, Neighbors, Henderson, & Young, 2015) between physical activity and alcohol
consumption. Leasure et al. (2015), for instance, found that similar to our results mod-
erate drinkers were more likely to adopt physically active lifestyles. This may be the result
of drinking and physical activity being seen as indicators of masculinity in Vietnam, as
well as in many other countries (Lincoln, 2016), which if further validated may provide
an important intervention target.

In regards to HRB risk factors, the most consistent factor was adolescents’ perceptions
of norms regarding HRB and related healthy behaviors. To our knowledge, this is the first
study in this area in Vietnam, with our findings supporting the social norms theory of
health behaviors (Perkins, 2003). Perceptions of peer and parents adopting or supporting
health-related behaviors (‘descriptive norms’) have been found to be among the most
consistent, strongest, and proximal predictors of adolescents’ smoking (Eisenberg,
Toumbourou, Catalano, & Hemphill, 2014), drinking (Leung, Toumbourou, & Hemp-
hill, 2014), diet (Stok, de Vet, de Ridder, & de Wit, 2016), and physical activity
(Draper, Grobler, Micklesfield, & Norris, 2015). Culturally, Vietnam is widely considered
to be a collectivist society with a highly group-oriented culture (Thém, 2003). Group-
oriented individuals have been found to be more likely to adhere to social norms
(Lapinski & Rimal, 2005) to maintain group harmony and interdependence, which
may explain the effect of norms on health risk behaviors. As would be expected, the
strongest predictor for norms was the within domain predictor (e.g. norms for physical
activity were the strongest predictor of physical [in]activity). There were, however, also
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cross-domain predictors, which suggests that the cultural desire for belonging to the
community may include a general sense of ‘healthy’ (or perhaps conversely, ‘rebellious-
ness’) that extends beyond single HRB domains. These findings support the importance
of interventions working with opinion leaders, within the peer group to establish healthy
norms for their group.

One area where there was a notable difference between the present study and prior
research was the effects of parental monitoring. In Western studies, parental monitoring
has been found to be a strong protective factor for adolescent risk behaviors such as
alcohol drinking and tobacco smoking (Hemovich, Lac, & Crano, 2011; Thompson,
Roemer, & Leadbeater, 2015). In contrast, in the present study, the only HRB related
to parental monitoring was adolescents’ dietary behaviors. There is limited research in
Vietnam to compare to our study, with only one other study assessing relations
between parental monitoring and health risk behaviors in Vietnam. Vo (2020) focused
on adolescents in nine Southeast Asian countries including Vietnam. The study found
that parental monitoring scores were associated with reduced risk for adolescent
alcohol use, tobacco smoking, substance abuse, and risky sexual behavior. The World
Health Organization measure of parental monitoring had two items, one asking
whether parents knew how their children spent their spare time, and the other how
much the parents understood their child’s concerns and problems. The second item
thus did not directly assess parent monitoring per se but rather parents’ understanding
and caring for their child, which may the actual factor linked to positive adolescent func-
tioning. Although the Vo (2020) study provides important information regarding risk
factors for Vietnamese and other Southeast Asian adolescents’ HRB, it is difficult to
compare results of that study with current study results.

One possible reason that diet may have been the only area linked to parental monitoring
among our sample is that in Vietnam, in addition to parents’ generally providing breakfast
and dinner and hence being able to monitor and control diet, students often bring lunch
from home or return home for lunch, which means that adults also have some control of
what is eaten at lunch. On the other hand, in regards to physical activity, during the school
year at least, adolescents spend much of their time at school so parents may have less
awareness and control of their physical activity. Also, in contrast to diet and eating,
parents generally are less directly involved with their adolescents’ physical activity (e.g.
whereas parents generally eat meals with their children, they do not play sports with them).

Our final risk / protective factor, health literacy, also had relatively few significant
relations to HRB. Although health literacy has been found to be crucial for the develop-
ment health-supportive behaviors and health outcomes in adults (DeWalt & Hink, 2009),
research on the association between health literacy and adolescent health-related behav-
ior is relatively limited. In a systematic review of adolescents’ health literacy and health
behaviors, Fleary, Joseph, and Pappagianopoulos (2018) summarized results of 17
studies, and found a significant relationship between health literacy and adolescents’
health behaviors. However, the definition of health literacy in these studies varied, focus-
ing on the application of literacy and numeracy skills to health-related materials such as
medicine labels and prescriptions, and the ability to navigate within healthcare system.
These operationalizations of health literacy are different from our questionnaire,
which measured knowledge regarding healthy eating and physical activity for health,
the consequences of smoking and drinking, etc.
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In our sample, the only significant effect for health literacy was the relation between ado-
lescents’ health literacy and unhealthy eating. This may because diet can have a relatively
rapid impact on health-related areas to adolescents, such as physical appearance and body
shape. In contrast, effects of HRB such as smoking, drinking, and physical activity may
have more delayed impact, reducing effects of adolescents’ literacy on such behaviors, as
adolescence is a period of time when the individuals generally are less focused on and
aware of long-term consequences of behavior, more focused on immediate effects. This
process can be measured through the behavioral paradigm known as delay discounting
(Steinberg et al., 2009). As a behavioral variable, delay discounting describes the extent
to which an individual discounts the value of an outcome because of a delay to its occur-
rence. Research has shown that the discounting rates are highest during adolescence, which
could explain why more delayed outcomes, such as for smoking, etc. were not related to
health literacy in our sample (Reynolds & Fields, 2012).

These findings have several important policy implications. First, the results indicate
that more attention on adolescent HRB from the Vietnamese governmental and NGO
different sectors is warranted, given the fact that almost 60% of Vietnamese adolescents
in the sample engaged in one or more HRB, with about 20% engaged in two or more
HRB. As discussed below, the fact that the sample included only students is a limitation,
but it also suggests a policy focus on school-based interventions could be useful. In
addition, although the HRB assessed were not correlated in our sample, they did co-
occur, with about one-third of students reporting HRB reporting more than one HRB.
This suggests that policy initiatives might be most productive to focus simultaneously
on multiple HRBs. This also suggests that promotion, prevention and intervention pro-
grams for HRBs should address multifactorial risk and protective factors, such as health
literacy, social norm, parental monitoring, which should be within the specific socio-cul-
tural and gender specific context.

Our findings should be interpreted in the context of several limitations. First, the
cross-sectional design does not allow for assessment of causality or directionality
between health risk behaviors and the risk factors. Future research using a longitudi-
nal design will be necessary to assess causal relations. A longitudinal design also could
assess the sequence of co-occurrence of HRB (e.g. whether unhealthy diet comes
before low physical activity), which could be useful for structuring prevention pro-
grams. Second, reliance on self-report of HRB may have resulted in social desirability
or other self-report biases, particularly for sensitive information such as smoking and
drinking. It will be useful for future studies to adopt objective measurement
and devices, such as armband sensors to record physical activity, etc. Finally, broad
generalization of results must be made with caution, as the sample size of the study
was relatively small in relation to the number of analyses conducted, and only adoles-
cents attending public schools in five provinces in Vietnam were included in the
sample. Results might differ in samples of adolescents not enrolled in the educational
system.
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