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Abstract

Background: A sedentary lifestyle and an unhealthy diet are major factors in the increasing prevalence of obesity
among Malaysian adolescents. The purpose of this systematic review is to compile the evidence from observational
and intervention studies among Malaysian adolescents to evaluate the associations between diet and physical
activity (PA) as determinants of cardio-metabolic risk factors.

Methods: A systematic search of Medline via the PubMed, Science Direct, Cochrane Review and Web of Science
databases was conducted for studies on the associations between diet and PA factors and cardio-metabolic risk
factors among Malaysian adolescents aged 13-18 years that were published until 31 August 2017. The search
results were independently screened and extracted by two reviewers.

Results: From over 2,410 references retrieved, 20 full texts articles were screened as potentially relevant. Seventeen
(16 cross-sectional and one intervention) met the inclusion criteria for data extraction and analysis. All 17 studies
were rated as poor quality and the majority had made insufficient adjustment for confounders. As regards the
effect of diet and PA on cardio-metabolic health, the intakes of energy (n = 4) and macronutrients (n = 3) and meal
frequency (n = 5) were the most commonly studied dietary factors, while the PA score and level were the most
commonly studied PA factors. In addition, BMI and body weight were the most common cardio-metabolic health
outcomes. The studies showed that obese and overweight adolescents consume significantly more energy and
macronutrients. They are also more likely to skip their daily meals compared to their normal weight peers. In most
studies, the direction of the PA effect on body weight was unclear. Some studies found that higher PA is associated
with a lower risk of overweight and obesity. However, the associations are often small or inconsistent, with few
studies controlling for confounding factors.

Conclusions: This review identified a lack of evidence and well-conducted prospective studies on the effect of diet
and PA on cardio-metabolic health of Malaysian adolescents.
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Background

Non-communicable diseases (NCDs) are the most com-
mon cause of death in Malaysia [1]. Specifically,
cardio-metabolic diseases (e.g. coronary heart disease,
stroke and type 2 diabetes) contributed towards half of
the mortality rate in 2011, and among the adult popula-
tion, 2.6 million (15.2%) had diabetes, 5.8 million
(35.1%) had hypertension and 6.2 million (32.7%) had
hypercholesterolemia [2]. Moreover, being overweight or
obese during adolescence has been found to have both
immediate and long-term negative impacts on health
such as increased risk of cardiovascular disease (CVD),
diabetes and cancer [3—6], as well as metabolic disorders
(e.g. increased blood cholesterol and glucose levels,
hypertension and insulin resistance) [7-9].

The National Health and Morbidity Survey 2017
(NHMS) [10] and several recent studies [11-13] have re-
ported an increasing trend in the prevalence of obesity
among Malaysian adolescents. Furthermore, it has been
reported, Malaysia has the second highest prevalence of
overweight or obesity in this age group (23.7%) in the
Southeast Asia region [14]. The underlying causes of
NCDs in Malaysia have been attributed to rapid nutri-
tional and socio-cultural transitions. Hence, positive
changes in individual health-related behaviours such as
diet and physical activity (PA) are likely to be major fac-
tors in the prevention of obesity and CVD [15].

Unbhealthy foods and dietary patterns, as well as a lack
of PA and increased sedentary behaviour (SB) have been
associated with obesity and cardio-metabolic risk factors
[16-18], although the list of factors that have robust
causality is short. For instance, a recent systematic re-
view of studies around the world found the link between
unhealthy dietary patterns and cardio-metabolic changes
in adolescents and children [19]. The aim of that review
was to determine how much a food pattern categorized
as ‘unhealthy’ could have the impact on the inflamma-
tory and biochemical markers in the populations under
study. The patterns were classified as unhealthy when
correlated with the intake of food that were
ultra-processed, lacked fibre and had high sodium, fat
and refined carbohydrate content [19]. More specifically,
several studies found that Western dietary patterns,
which contain high-sugar and high-fat food, are related
to greater obesity risk in adolescents, while healthier
dietary patterns characterized by a high intake of vegeta-
bles, whole grains and legumes may decrease the over-
weight/obesity risk [20-22].

There is a large body of evidence in the systematic re-
views that suggest less sedentary time is associated with
lower cardio-metabolic risk in adolescents [23, 24]. In
addition, higher amounts of moderate to vigorous phys-
ical activity (MVPA) have been associated with better
cardio-metabolic health in adolescents, regardless of the
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amount of sedentary time [25, 26]. Even low-intensity
PA has been shown to be favourably associated with
cardio-metabolic biomarkers [26]. Also, evidence-based
studies have revealed that PA has favourable effects on
adiposity and non-traditional cardiovascular risk factors
(inflammatory markers and irregular heart rate levels) in
adolescents with normal body weight, plasma lipid and
lipoprotein levels and blood pressure (BP) [27, 28].

In Malaysia, findings from a cohort study showed that
there is a low level of PA among the majority of adoles-
cents (64%) [29], as well as inadequate nutrient intake
[30, 31] and insufficient healthy dietary patterns [10]. In
addition, it has been reported that 50.1% of Malaysian
students spend at least 3 hours in a typical or usual day
in sitting activities [10].

Thus, understanding how specific diet and PA behav-
iours affect health in Malaysia could inform intervention
targets to decrease the cardio-metabolic risk among ado-
lescents. However, existing systematic reviews of studies
that investigated the associations between lifestyle fac-
tors and cardio-metabolic health revealed a dearth of
studies in Malaysian populations. Therefore, the aim of
this systematic review is to summarize the evidence re-
ported by observational and interventional studies that
have been conducted on the lifestyle (nutrition and PA)
of Malaysian adolescents in secondary schools (13-18
years old) thus this will assist to understand the associa-
tions between diet and PA and cardio-metabolic risk fac-
tors in this age group. It is hoped that the findings of
this systematic review will be useful in providing an
indication of the interventions needed to improve the
dietary and PA patterns and consequently the
cardio-metabolic health of Malaysian adolescents.

Methods
The review protocol registered at PROSPERO (registra-
tion number: CRD42017074556) and this systematic re-
view was conducted in accordance with the PRISMA
guidelines.

Literature search

Observational and intervention studies published up to
31 August 2017 were identified through a structured
search of the Medline via PubMed, Science Direct,
Cochrane Review and Web of Science databases. The
search strategy focused on three key concepts: popula-
tion (i.e. Malaysian adolescents, secondary school), be-
haviour (i.e. healthy lifestyle, healthy eating and PA) and
cardio-metabolic health outcome. The complete list of
search strategies are presented in Additional file 1. Two
reviewers (SM and ZT) independently screened the re-
sults against inclusion criteria then they extracted the se-
lected full text articles independently. Out of the 2,327
titles screened by the two reviewers, 2,307 (99%) were
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excluded by both, 20 (1%) were included by both and
the exclusion of a further three articles on which there
were divergent decisions was resolved after discussion.

Selection of studies

This review included all observational (cross-sectional or
prospective) studies that examined the associations be-
tween diet and PA factors and cardio-metabolic health
outcome, as well as all interventional studies that aimed
to reduce the cardio-metabolic risks (through healthy
lifestyle approaches) among Malaysian adolescents. After
removing duplicates, studies were selected in accordance
with the following inclusion criteria: (i) interventional
studies aimed at decreasing the cardio-metabolic risks
among Malaysian adolescents via a change in diet and
PA; (ii) observational studies that reported associations
between diet or PA behaviour and cardio-metabolic risk
factors; (iii) involving healthy Malaysian adolescents,
aged between 13 and 18 years; (iv) and fully published.
The exclusion criteria were: (i) studies that focused on
unhealthy adolescents without comparison, e.g., obese
only; (ii) papers that not peer-reviewed or published ab-
stracts at the scientific conference; and (iii) not in
humans. A full-text screening was performed by two re-
viewers (SM, ZT) who selected the articles based on the
inclusion criteria. Disagreements between the reviewers
were resolved through discussion with L] and HM.

Quality assessment

Risk of bias was assessed using the modified Newcastle—
Ottawa Scale for cross-sectional studies [32] and inter-
vention study. Quality assessment was done independ-
ently by two of the reviewers (SM and ZT) on four of
the included studies then they completed the quality as-
sessment of the remaining studies, independently.
Where there were disagreements, the two reviewers dis-
cussed the issues until consensus was achieved.

Data extraction and synthesis
Two independent reviewers (SM and ZT) extracted the
data on study characteristics (author, geographic location
and sample size), participant characteristics (age, ethni-
city, urbanity, maternal education and household in-
come), diet/PA assessment method, specific diet/activity
factors, cardio-metabolic health outcome and covariates.
The cardio-metabolic health related factors included
body mass index (BMI), waist circumference (WC),
blood pressure (BP), total cholesterol level including
total high-density lipoprotein (HDL) cholesterol and
low-density lipoprotein (LDL).

The level of significance for associations was set at p <
0.05. For studies that applied univariate and multivariate
analyses, only the multivariate results were considered in
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this review. In order to ease the interpretation of the
findings, conceptually similar factors were combined.

Results

Search results

The initial multi-database search yielded 2,410 publica-
tions. Figure 1 illustrates the screening and selection
process. After excluding duplicates, 2,327 records were
screened. Of these, 2,307 were excluded mainly because
they were not relevant to Malaysian adolescents (1 =
2,036) or they only consisted of an abstract (n = 220).

Table 1 provides details of the design and methodology
of each of the 17 included articles (16 cross-sectional
studies (29-31, 33-45) and one intervention study [46].
Most studies included both boys and girls (n = 14), mul-
tiple ethnicities, i.e. Malay, Indian and Chinese (n = 13)
and were conducted in Central Malaysia and Kuala
Lumpur (n = 8). The sample sizes of the studies ranged
from 81 to 40,011 adolescents.

In the included studies, diet was mostly measured with
food frequency questionnaires (n = 4), multiple-day food
diaries (# = 2) and 24-h dietary recall (n = 3), while PA
was mostly self-reported via the Physical Activity Ques-
tionnaire for Children (PAQ-C) questionnaire (n = 5).
Only nine studies reported information on adolescents’
maternal education and household income and in all of
those studies the majority of the participants had
mothers who had completed a secondary school educa-
tion and were in households with a moderate household
income. Sex and ethnicity were the most common ad-
justed covariates; however, only nine studies provided
adjusted covariates. Overall, all 17 studies were rated as
poor quality. The primary reasons for poor quality were
that the statistical analyses did not adjust for con-
founders, e.g., age, sex, sample size did not justify, etc.

Diet and cardio-metabolic health

Table 2 summarizes the associations between potential diet
determinants and cardio-metabolic health. These determi-
nants were grouped into three categories: energy and nu-
trients, foods, and eating frequency. Energy intake (n = 4),
macronutrients (7 = 3) and meal frequency (1 = 5) were
the most commonly studied dietary correlates of
cardio-metabolic health. Furthermore, BMI and body
weight were the most common outcomes of
cardio-metabolic health.

Energy and nutrients

The dietary factors that have been studied in relation to
cardio-metabolic health included intakes of energy, car-
bohydrates, protein, fat, sugar, fibre and dietary
cholesterol.
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-Not relevant to Malaysian adolescents (n=2,036)

Full-text articles excluded, with reason

Fig. 1 Flow Diagram of study selection
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Energy Four cross-sectional studies investigated the as-
sociation between energy intake and cardio-metabolic
health, all of which focused on body weight [30, 42] or
BMI (38, 39) as the outcome. In the three studies with
unadjusted associations, overweight and obese adoles-
cents had significantly higher mean energy intakes com-
pared to normal-weight adolescents [30, 38], while no
difference was observed in the mean energy between
normal and underweight adolescents [39]. Only one
study adjusted for covariates (i.e, PA and body image)
and showed a small but significant association between
energy intake and BMI (f = 0.001, p < 0.05) [42].

Macronutrients Three cross-sectional studies [30, 38,
42] examined the association between macronutrients
(i.e, carbohydrates, protein, total fat, unsaturated and
saturated fat) and body weight and BMI, while one inter-
vention study [46] evaluated the effect of saturated vs.
polyunsaturated fat consumption on triglycerides and
total, HDL and LDL cholesterol. All these studies re-
ported unadjusted mean intakes of macronutrients and
two showed significantly higher intakes of carbohydrates,
protein and total fat in obese vs. overweight and
normal-weight adolescents [30] or in girls only [38]. No
association was observed between saturated and polyun-
saturated fat intake and cardio-metabolic outcomes.
However, in one intervention study, triglyceride levels
increased after consuming a diet high in soybean oil

(polyunsaturated fat) compared to a diet high in palm oil
(saturated fat) for 5 weeks (1.09 vs. 0.74 mmol/L, p <
0.001) [46].

Other nutrients Two cross-sectional studies [30, 40] ex-
amined the associations between fibre, BMI and abdom-
inal obesity and one study investigated the relationship
between dietary cholesterol, sugar and BMI [46]. How-
ever, a significant association was found only for sugar
and it was indicated that obese adolescents consumed
significantly more sugar when compared to
normal-weight adolescents [46].

Foods

The foods that have been studied in relation to
cardio-metabolic health included sugar-sweetened bever-
ages (SSB), legumes and the vegetarian diet.

Sugar-sweetened beverages Three studies considered
the association between SSB consumption and
cardio-metabolic health [33, 40, 41]. No association was
found between SSB consumption and abdominal obesity
[40] and between SSB consumption and BMI (z-score)
[41]. Only one study reported that SSB intake was dele-
teriously associated with increased metabolic parameters
(i.e. HDL cholesterol, LDL cholesterol, triglycerides, sys-
tolic BP, diastolic BP and WC) when adjusted for con-

founders (i.e., sex, ethnicity, maternal education,
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pubertal stage, PA, BMI, child nutrition questionnaire
scores) [33].

Legume intake One study looked at the association be-
tween legume intake and abdominal obesity but did not
find any association [40].

Vegetarian diet One study investigated the relationship
between following a vegetarian diet and abdominal obes-
ity. After controlling for various confounders (ie., sex,
ethnicity and BMI), no association was found between
being a vegetarian and abdominal obesity [40].

Eating frequency

Eating frequency has been studied in relation to
cardio-metabolic health by considering three correlates:
meal frequency and snacking frequency and frequency
of family meals away from home (FMAFH).

Meal frequency Five cross-sectional studies investigated
associations between dietary patterns and cardio-metabolic
health [34, 35, 39, 40, 43]. Only two studies reported ad-
justed associations [34, 40]. One study showed an adjusted
association between irregular meal frequency and abdom-
inal obesity (odds ratio (OR) = 3.193, 95% confidence inter-
val (CI) 1.043-9.774; p = 0.042)) after controlling for
various confounders (e.g., sex, ethnicity and BM], etc.) [40].
In the other study with adjusted associations, frequent
breakfast intake was found to be significantly related to
lower levels of BMI, WC, body weight and body fat (BF)
(%) after adjusting for various confounders (ie., age, daily
energy intakes, frequency of eating out, snacking practices,
household income, pubertal growth status and daily PA
levels) [34]. However, two other studies reported un-
adjusted associations between skipping daily meals and
body weight and showed that more overweight adolescents
skipped one or more daily meals as compared to their
normal-weight counterparts [35, 39]. However, there was
no association between body weight or BMI and meal pat-
terns, snacking patterns [39, 43] or frequency of meals and
dinner [39]. In addition, no association was found between
meal frequency or snacking between meals and having ab-
dominal obesity [40].

Snacking frequency Three studies investigated the as-
sociation = between frequency of snacking and
cardio-metabolic health including abdominal obesity
[40], BMI (z-score) [41] and body weight [39], but none
found significant associations.

Frequency of family meals away from home One
cross-sectional study examined the association between
FMAFH in the last 7 days and cardio-metabolic risk.
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However, body weight and BMI were not significantly
different by FMAFH categories after adjusting for covar-
iates, i.e., sex, ethnicity, household income and total en-
ergy intake [44].

Physical activity and cardio-metabolic health

Table 3 summarizes the associations between PA deter-
minants and cardio-metabolic health. The PA score,
level of PA, and sedentary behaviour (SB) were explored
in ten studies. In addition, BMI and weight status were
the most common cardio-metabolic health outcomes in
these studies.

Physical activity score

Seven studies investigated the association between PA
and cardio-metabolic health [29, 31, 36, 37, 38, 40, 42).
Three of them did not find any significant associations
between PA and BMI [31], abdominal obesity [40] or
WC [37]. However, significant associations were found be-
tween PA and weight status [37, 38, 42], BMI [29, 36, 42],
the percentage of body fat [29, 37] and WC [29] in the
other four studies.

Furthermore, in two studies the mean PA score for
overweight and obese adolescents was significantly
higher compared to that for underweight and
normal-weight respondents [38, 42]. In addition, PA was
found to make a significant contribution to overweight
and obesity in adolescents after adjusting for body image
and energy intake (R2 = 0.213, B= 5.346, p < 0.01) [42].

One study explored the association between physical
inactivity and BMI [36]. After controlling for other fac-
tors (i.e., age, sex, BMI, breakfast intake, school session),
the study found that adolescents who perceived them-
selves as overweight (AOR (adjusted odds ratio) = 0.8;
95% CI: 0.76-0.89) or obese (AOR = 0.9; 95% CI =
0.78-0.94) had lower odds of being physically inactive
compared to those who perceived their body weight as
normal [36].

One cross-sectional study examined the associations
between PA duration, body weight status and body fat
percentage after adjustment for age (in years), ethnicity,
household income, pubertal Tanner stage, total daily en-
ergy and fat intakes and total SB levels (h/day). While
no significant difference was found in girls [37], the
study reported that adolescent boys with daily total PA
levels of < 1.5 h/day had a significantly higher risk of be-
ing obese (OR 3.0; 95% CI: 1.1-8.1; p < 0.05) than boys
with greater daily total PA levels. Although there was no
comparable association between the PA measures and
obesity risk in adolescent girls, boys with low PA dur-
ation (< 1.5 h a day) had significantly higher percentage
of BF [37]. This is in line with another study that dem-
onstrated that high PA scores were associated with de-
creased WC and BMI [29].
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Author, year Cardio metabolic health outcome Association P-value
Physical activity Chew et al. Abdominal obesity Normal WC vs.AO p = 0.666
(2016) [40] 4170 + 4122 vs. 4021 + 4199
Rezali et al. Body weight status UW vs. NW vs. OW &Obese (Mean + SD) p <001
(2012) [42] 1.06 + 031 vs. 1.27 £ 031 vs. 1.58 + 0.33
BMI (z-score) Non OW vs. OW & obese p < 005
Beta=5.34
Su et al. BMI (kg/m2) OR=-0.058 p < 0.05
(2014) [29] WC (cm) OR=-0.069 p <0.05
Body fat (%) OR=-0088 p < 0.05
Zalilah et al. Body weight status UW vs. NW vs. OW (Mean + SE) p < 0.001
(2006) [38] Q 490 + 17.7 vs. 559 + 13.6 vs. 689 + 13.6 p < 0.001
3715 £ 287 vs. 763 £ 39 vs. 1,059 + 26.1
Farah Wahida BMI (kg/m?) r=-0.03 p=NS
et al. (2011)
[31]
Teo et al. Weight status Low (<1.5 h) vs. High (1.5 h)(ref) OR(95%Cl) p = 0.029
(2014) [37] dOR=30(1.1-81) Q0R=17(06-50) p = 0302
Teo et al. Waist circumference (cm) Low (<1.5 h) vs. High (1.5 h)(Mean, 95%, Cl) p = 0263
(2014) [37] 3 69.7 (674 - 71.9) vs. 67.9 (65.7-70.0) p = 0370
Q 65.7 (64.4- 67.0) vs. 64.6 (62.4-66.7)
Teo et al. Body Fat (%) Low (<1.5 h)vs High (21.5 h)( mean, 95%, Cl) p =0.002
(2014) [37] 3 200 (182 -219) vs. 159 (14.2-17.7) p =0.219
Q326 (315 -336) vs. 31.3 (296 - 33.0)
Baharudin et al. BMI (z-score) Physical inactivity NW (ref) p =0.003
(2014) [36] UW(OR=1.2, 95% CI 1.06 -1.31) p < 0077
OW (OR=1.1, 95% Cl 099 -1.18) p < 0.001
Obese(OR=1.2 ,95% Cl 1.11-1.37)
Physical activity Teo et al. Weight status Low (<1 h) vs. High (21 h) (ref) OR(95%Cl) p =0.008
intensity (2014) [37] 4 OR=3.8 (14-10.1) p=0.198
Q OR=23 (0.7-7.8)
Teo et al. Waist circumference (cm) Low (<1 h) vs. High (21 h) ( Mean, 95%, Cl) p=0.120
(2014) [37] & 702 (67.8- 72.6) vs. 67.6 (65.6- 69.7) p=0.103
Q 65.9 (64.6- 67.1) vs. 63.5 (61.1- 66.0)
Teo et al. Body Fat (%) Low (<1 h) vs. High (21 h) (Mean, 95%, Cl) p =0.0001
(2014) [37] 3 207 (187-22.6) vs. 15.8 (14.2-17.5) p = 0267
©32.5 (31.5-33.5) vs. 31.2 (29.2-33.2)
Chew et al. Abdominal obesity Normal WC vs.AO p = 0492
(2016) [40] High 54% vs. 52.3%
Moderate 31% vs. 30.2%
Low 12.9% vs. 17.4%
Rezali et al. Body weight status Non-OW vs. OW & obese (%) p <001
(2012) [421 Sedentary: 93.5 vs. 6.5
Light: 70.1 vs. 29.9
Moderately/vigorously: 38.9 vs. 61.1
Zalilah et al. Body weight status (light) UW vs. NW vs. OW (Mean + SE) p=NS
(2006) [38] Q1,156 £ 94 vs. 1,147 + 72 vs. 1,148 £ 7.2 p=NS
31,163 £ 94) vs. 1,180 £ 78 vs. 1,157 + 86
(Moderate) UW vs. NW vs. OW (Mean + SE) p=NS
Q 245482 vs. 252 +6.3 vs. 251+6.3 p=NS
& 207+ 80 vs. 205+6.7 vs. 218 +7.3
(High) UW vs. NW vs. OW (Mean + SE) p=NS
Q40+ 37 vs. 41 £28vs. 41428 p =NS

3 69 + 48 vs. 55 + 40 vs. 65+4.4
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Table 3 Summary of association between health-related determinants of PA and cardio metabolic health outcome (Continued)

Author, year Cardio metabolic health outcome Association P-value
Dan et al. BMI (z-score) Low vs. Moderate/High n (%) p=NS
(2011) [45] UW: 10 (34.5) vs.19 (65.5)
NW: 100 (35.7) vs. 180 (64.3)
OW 32 (35.2) vs. 59 (64.8) r=-0.043
Sedentary Teo et al. Weight status High (<3.5 h) vs. Low (23.5 (ref) OR (95%Cl) p =006
behaviour (2014) [37] 3 24 (09-63) p =004
Q 2.8 (1.0-7.5)
Cheah et al. BMI (z-score) Normal vs. High p=0729
(2011) [41] 10.364 + 544 vs. 10.66 + 534

Abbreviations: & Male, © Female, UW underweight, NW Normal weight, OW overweight, BMI Body Mass Index, AO abdominal obesity, WC waist circumference,

SE standard error, NS not statistically significant (p> 0.05)

Physical activity intensity

Five cross-sectional studies evaluated the association
between PA intensity and cardio-metabolic health [37,
38, 40, 42, 45]. Overall, the evidence on the relation-
ship between PA and weight status was equivocal.
Three of the studies did not show evidence of an as-
sociation between PA intensity and BMI (z-score)
[45], body weight status [38] or abdominal obesity
[40]. However, significant associations between PA in-
tensity and weight status were reported in two studies
(37, 42,) and between PA intensity and BF percentage
in one study [37].

It was also reported that overweight and obese adoles-
cents were more involved in an MVPA lifestyle com-
pared to underweight and normal-weight adolescents
(x2 = 39.056, p < 0.01) [42]. Another study highlighted
that adolescent boys whose daily MVPA intensity was
less than 1 hour had a four times higher risk of being
obese (OR 3.8; 95% CIL: 1.4-10.1; p < 0.01) after adjust-
ing for confounders (i.e., age, pubertal Tanner status,
ethnicity, household income, total energy intake, total fat
density intake and total SB levels). However, the same
study found that there was no association between PA
intensity measures and obesity risk in adolescent girls
[37]. Also, boys with low MVPA were more likely to
have a higher %BF compared to boys in the high MVPA
group, after full adjustment for these confounders and
daily SB duration. No such difference was found for the
intensity of daily PA in girls [37].

Sedentary behaviour

Two studies evaluated the association between
screen-based sedentary practices and BMI (z-score) [41]
and weight status [37, 41]. One of the studies did not
find an association [41], whereas the other found a nega-
tive association between daily sedentary practices and
obesity risks in girls [37]. A significant, three times
greater probability of risk of being obese was determined
among girls with SB levels > 3.5 h/day than in girls with
SB levels of < 3.5 h/day (OR 2.8; 95% CI: 1.0-7.5; p <
0.05), after adjustment for confounders (i.e. age, pubertal

Tanner status, ethnicity, household income, total PA
levels, total energy and fat density intakes [37].

Discussion

This review analysed the evidence presented in 17 stud-
ies regarding the associations between diet and PA be-
haviours and cardio-metabolic health among Malaysian
adolescents. The results of this systematic review found
weak to moderate evidence to support association be-
tween sedentary lifestyle and unhealthy eating patterns
with cardio-metabolic risk. There were some conflicting
evidence related to the relationship between certain diet-
ary and PA factors with cardio-metabolic health in Ma-
laysian adolescents. While a number of potential
determinants have been studied in the Malaysian con-
text, this review clearly shows that for many variables,
the evidence is lacking due to the scarcity of studies.
Also, among the studies that do exist, the associations
are often small or inconsistent, with few studies control-
ling for confounding factors.

In addition, the majority of studies thus far have focused
on body weight and BMI as the outcomes related to
cardio-metabolic health, but have not provided sufficient
evidence on other related cardio-metabolic health out-
comes such as lipid profile and BP. In the studies selected
for this review, body fat was estimated by using a number
of approaches, such as BMI (kg/m? z-score) or % body
fat. This insufficient standardization in the methods ap-
plied, as well as hampering comparisons decreases the
precision of the information in the studies [47].

All the studies were rated as poor quality owing to in-
sufficient adjustment for confounders in the data analyses
and lack of justification for the sample sizes. While there
is consistent evidence for an association between eating
frequency, PA and PA duration and cardio-metabolic
health, there is limited evidence on the effect of all other
factors, i.e., sugar, SSB and SB, due to the scarcity of stud-
ies or due to multiple studies reporting conflicting evi-
dence in respect of the effects of PA intensity, energy and
macronutrients.
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Eleven out of the 17 selected articles found a significant
association between the intakes of energy and macronutri-
ents, sugar, consumption of SSB and meal frequency and
the cardio-metabolic health of adolescents. This system-
atic review identified that obese and overweight adoles-
cents have significantly higher intakes of energy and
macronutrients compared to normal-weight adolescents
[30, 42] or girls only [38]. However, it has also been
pointed out in one review that there is conflicting evi-
dence regarding the association between intake of total
energy and obesity among children, which may be de-
scribed by insufficient control of possible covariates such
as parental overweight and underreporting [48]. In
addition, a variety of tools used to assess energy and
macronutrient intakes in the reviewed studies may not
have been robust enough to capture information for this
group. Findings from a previous systematic review suggest
that 24-h dietary recall and the dietary history interview
are the most precise tools for children aged 4—14 years,
where the parent or both the child and parent are the re-
porters [49].

Regardless of the importance of undertaking studies
on dietary patterns, only a few such studies have been
conducted among Malaysian adolescents, so there is very
little evidence on the association between diet and
cardio-metabolic health. This systematic review also
identified that, in both sexes, frequent breakfast eaters
had significantly lower body weight, WC, BMI z-score,
and total BF% [34]. In addition, significant associations
were reported between irregular meal frequency and ab-
dominal obesity [40] and between skipping daily meals
and body weight in which overweight adolescents
skipped one or more daily meals as compared to their
normal-weight counterparts [35, 39]. It has been ex-
plained in other studies that breakfast skippers tend to
consume high energy-dense foods and have an increased
tendency of overeating at other meals during the day
50, 51].

In agreement with the results identified in this review,
a previous systematic review found that there was little
or inconsistent evidence to support a correlation be-
tween being overweight and skipping breakfast, eating
away from home, daily eating frequency, intake of large
food portions, irregular meals, eating until full, snacking,
eating quickly and consumption of fast food [52]. A re-
cent systematic review also highlighted that an un-
healthy dietary pattern may have an impact on the
cardio-metabolic risks among adolescents, and consider-
ing the small number and limitations of the included
studies, further researches should be undertaken to
strengthen the evidence on this association [16].

Only one cross-sectional study in this systematic re-
view revealed a significant association between SSB con-
sumption and higher levels of cardio-metabolic risk in
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Malaysian adolescents [33]. The study showed that aver-
age SSB consumption among Malaysian adolescents was
177.5 mL/day, which was lower than the European ado-
lescents (227.7 mL/day) [53]. Given the rising paediatric
obesity rates in Malaysia, an underestimation of SSB in-
take is possible [54]. However, a strong association has
been identified in two systematic reviews and in a
meta-analysis on the independent role of SSB consump-
tion in weight gain and obesity in children and adolescents
[55, 56]. The meta-analysis revealed that a one serving per
day raise in SSB was related with a 0.06-unit increase in
BMI over a 1-year period among children and adolescents
[56]. One possible explanation for this association could
be that the excessive sugars consumed may be stored as
fat, leading to weight gain and increased adiposity [57].

It was pointed out in the intervention study included
in this systematic review that triglyceride levels increased
after consuming a diet high in soybean oil (polyunsatur-
ated fat) compared to a diet high in palm oil (saturated
fat) for 5 weeks [46]. However, there was weak evidence
that there were no inverse impacts of palm olein as a
cooking oil on the plasma lipid profiles of Malaysian ad-
olescents [46]. Also, the study used a small sample size
(110) and only investigated male adolescents, thus it is
difficult to generalize the results and the evidence overall
was weak. In contrast, a systematic review of 51 studies
revealed that both acceptable and unacceptable alter-
ations in CVD risk markers were observed when pri-
mary dietary fats were substituted by palm oil, whereas
only favourable changes happened when trans-fatty acids
were substituted by palm oil [58].

This systematic review also investigated the effect of
objectively measured PA patterns on cardio-metabolic
health in adolescents. However, the imprecise measure-
ment of PA and small sample sizes, as well as the lack of
studies, weakened the observed relationships. In this sys-
tematic review, the mean PA score [36, 38, 42], PA in-
tensity [42], PA intensity in boys [37] were identified as
significantly higher than underweight and normal-weight
respondents. However, in another cross-sectional study
higher daily total PA scores and duration were associ-
ated with decreased obesity risk [37] in male adolescents
and reduced WC and BMI [29]. Furthermore, the same
study found a significant association between daily sed-
entary time and obesity risk in girls [37]. In contrast, it
has been reported in two systematic reviews that PA levels
were lower in overweight compared to normal-weight ad-
olescents [59, 60]; only one cross-sectional study included
in this systematic review was in agreement with this result
but supplied weak evidence [29]. It has been stated in an-
other systematic review that association between SB and
adiposity in adolescents was small to very small and there
was little to no evidence that this association was causal
[61]. All the included studies related to PA in this
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systematic review were cross-sectional which, as
highlighted in another systematic review, means that it is
not possible to draw proper conclusions on cause and ef-
fect [62].

Limitations

This systematic review is the first to summarize the find-
ings on the effects of the associated determinants of diet
and PA on cardio-metabolic health among adolescents in
Malaysia. Although the reviewed studies found significant
associations between diet and PA and cardio-metabolic
health, some studies found no significant relationship. The
inconsistency of these findings can be related to the in-
consistency in the methods used to assess diet and body
fat, as well as to the use of incorrect techniques [63].

In addition, all the included articles except one were
cross-sectional and used invalid or poorly validated PA
and diet measurement tools as well as self-reported data.
Beside the differences in the methods adopted to evaluate
the exposure and outcome variables, other factors related
to the lack of consistency in the results of these studies
are: a) various adjustment variables were used in the stat-
istical analyses, which can impact directly on the signifi-
cance of the associations; b) the wide age variation in the
adolescent populations studied, which can affect the way
of measuring exposure and outcome along with the de-
grees of error in information and measurement. Further-
more, inadequate confounder control also appears to be a
problem in the majority of studies. For instance, in some
studies, the analyses were not adjusted for relevant
socio-demographic factors such as sex, age and/or socio-
economic status (SES).

The inability to find positive associations between in-
takes of macronutrients and cardio-metabolic health has
been highlighted in a previous systematic review [64], in
which it was determined that predicting true dietary in-
take was often difficult because underreporting may hap-
pen when the information is forgotten or deliberately
left out. This imprecision makes it hard to analyse en-
ergy and macro- and micronutrient intakes, along with
their associations with cardio-metabolic changes [19].

Also, the incapability to determine positive associa-
tions between some risk factors and unhealthy foods in
cross-sectional studies may be partly described by alter-
ations in eating habits or dietary limitations when body
composition changes already occur in adolescents, such
as overweight and obesity, known as reverse causality
[65, 66]. In addition, the constant use of BMI to assess
adiposity is uncertain since it is a method based only on
body weight and does not differentiate lean mass from
fat mass. Therefore, the method can incorrectly
categorize an individual as thin, when in reality, they
have a high amount of body fat, or on the other hand, it
can consider an individual with a large quantity of lean
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body mass as overweight/obese [47, 67]. An earlier sys-
tematic review highlighted that BMI is often used a
proxy for obesity, but using it to assess body compos-
ition (e.g. percentage body fat) or body fat distribution
(e.g. WC or waist-hip ratio) may lead to incorrect
categorization [63].

Furthermore, the studies reviewed here only used
questionnaires; they did not use an accelerometer or
other related electronic devices. However, a previous sys-
tematic review concluded that questionnaires that have
both acceptable reliability and validity are not currently
available for PA assessment in adolescents [68]. Hence,
in light of the above, the main limitation of this system-
atic review is the low quality of all included studies.

This review also investigated the link between physical
activity patterns and cardio-metabolic risk factors in ad-
olescents. To date, most reviews that have investigated
PA patterns have not determined which specific activity
patterns of activity may be essential for health because
their primary attention has been on total volumes of PA
and/or SB [62].

In addition, many studies included samples that were
non-representative or only representative of a limited
geographical area. The majority of studies focused on
specific states such as Kuala Lumpur, Selangor and Pa-
hang, whereas only a few were conducted in the north-
east regions of Malaysia. This indicates that scientific
research related to diet/PA and cardio-metabolic health
in Malaysian adolescents has yet to spread to all regions
in the country. Furthermore, the included studies were
heterogeneous in terms of conceptualization, measure-
ment, sample and analyses, and therefore it was not pos-
sible to evaluate the overall strength of any identified
associations. However, improving the quality of further
studies could lead to more consistency among studies
and greater sureness in the identified correlates and de-
terminants of diet and PA.

Future research directions

To get a better understanding of the impact of factors
associated with obesity-inducing behaviours in adoles-
cents, longitudinal intervention studies to assess body
fat through more precise methods should be performed
in which valid or objective measurement tools are used
to focus on health-related PA and dietary patterns
among Malaysian adolescents. Since the incidence of
obesity and associated comorbidities is rising in this
population, a more robust intervention should be
planned with the aim of decreasing short- and long-term
health damage and future healthcare costs.

Conclusion
This review draws consideration to the methods used for
evaluating diet and PA in studies conducted in Malaysia,
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whose heterogeneity hampers reliability as well as com-
parability. This review found insufficient evidence on the
association between diet, PA and cardio-metabolic health
in Malaysian adolescents. However, the results of this sys-
tematic review suggest that the intake of unhealthy foods
(higher energy density and higher amount of macronutri-
ents) and less PA appear to be related to higher
cardio-metabolic risks in adolescence.
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