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Risk factors associated with abdominal obesity in
suburban adolescents from a Malaysian district
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INTRODUCTION We aimed to determine the risk factors associated with abdominal obesity (AO) in suburban adolescents.
METHODS This cross-sectional study included adolescents aged 15-17 years from five randomly selected secondary
schools in the Hulu Langat district of Selangor state, Malaysia. Waist circumference (WC) was measured at the midpoint
between the lower margin of the last palpable rib and the top of the iliac crest. Information on sociodemographic data,
dietary habits, physical activity levels and duration of sleep was obtained via interviewer-administered questionnaires.
Participants’ habitual food intake was determined using a 73-item Food Frequency Questionnaire.

RESULTS Among 832 participants, 56.0% were girls; 48.4% were Malay, 40.5% Chinese, 10.2% Indian and 0.8% of
other ethnic groups. Median age and WC were 16 (interquartile range [IQR] 15-16) years and 67.9 (IQR 63.0-74.6) cm,
respectively. Overall prevalence of AO (> 90th percentile on the WC chart) was 11.3%. A higher proportion (22.4%) of
Indian adolescents were found to have AO compared with Malay and Chinese adolescents. Logistic regression analysis
showed that female gender (adjusted odds ratio [OR] 7.064, 95% confidence interval [CI] 2.087-23.913; p = 0.002),
Indian ethnicity (adjusted OR 10.164, 95% CIl 2.182-47.346; p = 0.003), irregular meals (adjusted OR 3.193, 95% ClI
1.043-9.774; p = 0.042) and increasing body mass index (BMI) (adjusted OR 2.867, 95% Cl 2.216-3.710; p < 0.001)
were significantly associated with AO.

CONCLUSION AO was common among Malaysian adolescents. Female gender, Indian ethnicity, irregular meals and

increasing BMI were significant risk factors.
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INTRODUCTION
Obesity based on body mass index (BMI) has been increasingly
reported among adolescents worldwide in recent decades
following rapid industrialisation and modernisation."’ Abdominal
obesity (AO) among adolescents based on waist circumference
(WC) measurement has been reported to show a similar trend in
many countries. In the United States, the prevalence of AO in
children and adolescents has increased from 10.5% to 18.0%
between 1988-1994 and 1999-2004.% In China, AO prevalence
has increased significantly from 4.9% in 1993 to 11.7% in 2009.“
WC was found to have increased at a greater rate than BMI among
British children and adolescents when compared with children
in China.“®

Although BMI has been used clinically to define excessive
weight and obesity, it cannot be used to assess the body fat
distribution of an individual.® WC measurement has been
identified as being a better tool to assess body fat distribution,
especially for abdominal visceral adiposity, which was shown
to be associated with various non-communicable diseases.”?
Furthermore, measuring WC is an easier and less expensive
method to determine visceral fat in a clinical or epidemiological
setting than other gold standard methods, such as computed
tomography and magnetic resonance imaging.”'? Different
anatomical sites are recommended for waist circumference
measurement. The site that is most widely used is the midpoint
between the lower margin of the last palpable rib and the top of

the iliac crest, which was recommended by the World Health
Organization (WHO).""

AO, as diagnosed by the presence of high WC in adults,
has been shown to be independently associated with metabolic
syndrome, hypertension, cardiovascular disease, diabetes
mellitus and other non-communicable diseases,"?'* as well as
increased mortality."® Some authors have reported a stronger
relationship between WC and these abnormalities than with
BMI in adults."*'® Similar associations between AO and these
abnormalities have been reported in children and adolescents
from Western countries.”"'” AO has been reported to be one
of the core components of metabolic syndrome, which is
associated with insulin resistance and increases the future risk
of cardiovascular diseases and diabetes mellitus.*” Colman et al
showed that insulin action improved following weight loss and
reduced abdominal fat.?" Therefore, identifying prevalence and
risk factors associated with AO is an important prerequisite for
planning strategies aimed at preventing these non-communicable
diseases in the community. Studies in adults showed that diets
low in fruits, vegetables and whole grains, and high in processed
meat, fast food and soda drinks were associated with increased
WC.?2 There were few studies on risk factors associated with
AO in adolescents. Other studies with small sample size have
shown that physical inactivity (n = 388)?® and infrequent breakfast
consumption (n = 236)%% were significant factors associated with
AO in adolescents.
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In Malaysia, age- and gender-specific WC percentile charts
for children and adolescents have recently been developed. These
were based on pooled data from all regions of Malaysia, with a
sample size of 16,203 adolescents (8,093 boys and 8,110 girls),
and participants were from all ethnic groups in proportions that
represented the general Malaysian population. The cut-off point
to define AO was taken to be the 90th percentile on the WC
chart.? To the best of our knowledge, no large-scale studies
have reported the prevalence and risk factors associated with
AO in Malaysian adolescents. Therefore, this study aimed to
determine the prevalence of AO and its associated risk factors
among suburban adolescents from the Hulu Langat district of
Selangor state in Malaysia.

METHODS

This cross-sectional study was carried out in secondary schools
over a two-month period from 1 July 2013 to 30 August 2013.
Five secondary schools in the Hulu Langat district of Selangor
were randomly selected from a list of 38 government secondary
schools that was provided by the Ministry of Education, Malaysia.
Adolescents who were on steroid medication or had endocrine
disorders were excluded from the study. In total, 834 students in
Form 4 (age range 15-17 years) from the selected schools were
eligible and invited to participate in the study. Among these, two
declined to participate. The remaining 832 (99.8%) adolescents
consented to participate in the study. Prior to the commencement
of the study, approval was obtained from the scientific and ethical
review committees of Universiti Tunku Abdul Rahman, the
Ministry of Education Malaysia, the State Education Department
of Selangor, and the principals of the shortlisted schools. Written
parental consent and the consent of the participants were also
obtained beforehand.

Anthropometric measurements of participants were carried
out by trained second-year medical students at Universiti Tunku
Abdul Rahman. Measurements in each category, including height,
weight and WC, were carried out by two designated medical
students throughout the entire project. Height was measured
to the nearest 0.1 cm, while participants were barefoot, using a
height rod that was attached to a weighing machine (SECA 220;
SECA, Hamburg, Germany). All participants were instructed to
stand with their heels, buttocks and shoulders resting lightly
against the backing board, so that the Frankfort plane (i.e. the line
connecting the superior border of the external auditory meatus
with the infraorbital rim) was horizontal and parallel to the floor.
Weight was measured using a calibrated weighing machine (SECA
220; SECA, Hamburg, Germany) to the nearest 0.1 kg, with the
participants wearing light clothing and barefoot. Participants were
asked to stand on the centre of the scale without support and to
distribute their weight evenly on both feet. BMI was calculated
as weight/(height)? (kg/m?).2® The BMI classification was based
on the age- and gender-specific WHO BMI-for-age chart,?” with
adolescents being diagnosed as overweight when the BMI-for-age
z-score was > 1 and < 2, and as obese when it was > 2.

The WC of participants was measured to the nearest 0.1 cm
using a non-extendable measuring tape (SECA, Hamburg,
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Germany). The measurement was made at the midpoint between
the lower border of the ribs and the iliac crest in a horizontal
plane. The measurement was taken at the end of the participant’s
normal expiration with arms relaxed and at the sides."” AO
was diagnosed when the WC of an adolescent was over the
90th percentile for age, based on the age- and gender-specific
WC charts for Malaysian children and adolescents developed
by Poh et al in 2011.2% Inter- and intra-rater reliability tests
for all anthropometry measurements (i.e. weight, height and
WC) were performed prior to the study. The validity of these
measurements was verified by a qualified nutritionist. Both the
intraclass correlation coefficient and Cronbach’s alpha for the
anthropometry measurements were > 0.90. The correlation
coefficient for measurements done by the medical students and
nutritionist was > 0.90 (p < 0.05).

Information regarding sociodemographic characteristics
(e.g. age, gender, ethnicity, parental education, household
income and number of siblings), dietary habits, level of physical
activity and duration of sleep was obtained from each participant
via interview-administered questionnaires. The interviewers
were trained second-year medical students. The questionnaire
was administered in two languages, Malay and English. It was
prepared in English, translated into Malay, then subsequently
translated back into English to ensure consistency and accuracy of
meaning. The questionnaire was then pretested on ten adolescents
with characteristics similar to those of the actual study population.

Questions on dietary habits included regularity of main meals
and snacks; frequency of intake of high-fibre food, sweet drinks
and fast food; and whether participants were vegetarian. The 73-
item Food Frequency Questionnaire (FFQ), adapted from Umairah
etal®® and Abudayya et al,*” was used to determine the frequency
of intake of different types of foods. The list of foods was modified
based on foods that were commonly sold in the school canteens
and consumed by Malaysian adolescents. The frequency of intake
of different types of food was recorded as: ‘0’ = never; ‘1’ =rarely;
2’ = 1-3 times/week; ‘3’ = 4—-6 times/week; and ‘4’ = > 7 times/
week. All food items in the FFQ were categorised into eight groups:
grains/tuber; high-fat foods; poultry/meats/seafood; milk/dairy
products; legumes/legume products; processed/fast foods; sweet
drinks/desserts; and fruits/vegetables. The total food frequency
score for each food group was calculated by summing up the
responses for each food group (score range 0-4).

The level of physical activity of the participants was
determined using the validated short International Physical Activity
Questionnaire (IPAQ).® Information on the length of time (i.e. the
number of sessions and average time per session) spent on walking,
performing moderate- or vigorous-intensity physical activities and
sitting, on both weekdays and weekends, was obtained. Questions
regarding participation in moderate- or vigorous-intensity physical
activities were supplemented with concrete examples of activities
commonly performed. A continuous measure was computed from
the data as IPAQ score and was reported as median metabolic
equivalent (MET) minutes per week. Data from each question
was summed up within each item, i.e. vigorous-intensity activity,
moderate-intensity activity or walking, to estimate the total amount
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of time spent on physical activity per week. The IPAQ score was
estimated by summing up the vigorous MET minutes per week
with moderate MET minutes per week and walking MET minutes
per week. Vigorous-intensity physical activity was assumed to
correspond to 8 METs, moderate-intensity physical activity to 4
METs, and walking to 3.3 METs. Participants were then categorised
to have low, moderate or high physical activity levels according
to the criteria given in the 2003 IPAQ guidelines.®”

Statistical analysis was performed using PASW Statistics for
Windows version 18.0 (SPSS Inc, Chicago, IL, USA). Continuous
data was presented as mean + standard deviation for variables
with normal distribution and as median (interquartile range [IQR]
25th-75th percentile) for variables with skewed distribution.
All continuous data was tested for normal distribution using
the Kolmogorov-Smirnov test. Continuous data that was not
normally distributed was log-transformed before inferential
analysis. Correlation between WC and other continuous
variables was analysed using the Spearman correlation test.
The sociodemographic characteristics, dietary habits, level of
physical activity and duration of sleep between participants with
and without AO were compared. Student’s ttest was used to
compare continuous variables between groups, and chi-square
testand Fisher’s exact test were used for the analysis of categorical
variables. All tests were two-sided. After the potential risk factors
(p <0.10) associated with AO were identified based on univariate
analysis, multivariate logistic regression analysis was performed
to determine the independent risk factors associated with AO.
The potential risk factors identified were ethnicity, gender, BMI,
irregular meals, not taking dinners daily, vegetarian diet, and FFQ
scores for legumes/legume products and sweet drinks/desserts.
A p-value < 0.05 was considered to be statistically significant.

RESULTS
A total of 832 participants, with a median age of 16 (IQR 15-16)
years, were recruited. The demographic data, WC and BMI
of all participants are shown in Table I. A majority of parents
(father 91.8%; mother 89.8%) had completed secondary or
higher education levels and a majority (40.5%) of families had
moderate monthly household income ranging from MYR 2,000
to MYR 5,000. When compared with adolescents with normal
WC, adolescents with AO did not have significantly different
demographic data except with regard to ethnicity (p < 0.001),
WC measurements (p < 0.001) and BMI (p < 0.001). Adolescents
with AO had significantly higher WC and BMI. A significantly
higher proportion of adolescents with AO were girls. Among
adolescents with AO, a majority (52.1%) were ethnically Malay.
Fig. 1 shows the frequency distribution of WC measurements
for all adolescents. The WC measurements of boys and girls were
skewed to the right. A scatter plot of BMI against WC showed that
the WC of participants correlated significantly and positively with
BMI (r = 0.878; p < 0.05) (Fig. 2). Based on the BMI criteria, the
prevalence of overweight and obese adolescents was 14.9% and
8.3%, respectively. More boys than girls were overweight (16.9%
vs. 13.3%) and obese (8.8% vs. 7.9%). There was no significant
difference in the mean BMI of adolescents with respect to ethnicity

(p =0.065), gender (p = 0.804), parental education levels (father
p =0.905; mother p = 0.087) and household income (p = 0.407).
The prevalence of AO was 11.3% (n = 94), which was higher
than the prevalence of obesity defined by BMI (8.3%). Indian
adolescents had significantly larger mean WCs (73.7 + 14.0 cm)
than Malay (70.1 £ 11.4 cm, p = 0.036) and Chinese (70.0 +
9.3 cm, p = 0.033) adolescents. There were significantly more
Indian adolescents with AO (22.4%) than Malay (12.2%) and
Chinese (7.7%) adolescents (p < 0.001). Boys had significantly
larger WCs (72.7 £ 11.2 cm) than girls (68.5 + 10.3 cm) (p < 0.001).
However, more girls had AO (13.1%) than boys (9.0%), which
was in contrast to our finding of higher prevalence of obesity
in boys (8.8%) than girls (7.9%) based on the age- and gender-
specific BMI criteria. There was no significant difference in the
WC of adolescents with different parental education levels (father
p = 0.727; mother p = 0.297) and household income (p = 0.442).
The dietary habits and intake of adolescents are shown in
Table II. Only slightly more than half (51.4%) of the adolescents
took their meals regularly (i.e. on time and with regular intervals
between meals). Among the adolescents evaluated, 51.6%
regularly skipped breakfast, 24.5% regularly skipped dinners and
28.1% took snacks daily. Over one-third (35.9%) of adolescents
took high-fibre food daily and 40.1% had sweet drinks every
day. When compared with adolescents with normal WC, a
significantly higher percentage of adolescents with AO did not
take meals regularly (61.7% vs. 50.1%; p = 0.035) and skipped
dinners (41.5% vs. 22.3%; p < 0.001). No other significant
difference was found in the dietary habits of adolescents with
normal WC and those with AO. The mean FFQ score for sweet
drinks/desserts for adolescents with AO was significantly higher
than that of adolescents with normal WC (15.98 + 6.76 vs. 14.65
+ 6.44; p = 0.034) (Table II). However, there was no significant
difference in the FFQ scores for the other food groups between
adolescents with normal WC and those with AO (p > 0.05).
Adolescents in our study spent a substantial amount of time
sitting down each day, with a mean daily duration of sitting of
463 + 65 minutes (or 7.72 hours; Table Ill). Even so, a majority of
adolescents (53.7%) reported a high level of physical activity, with
amean IPAQ score of 4,147 + 4,125 MET. The mean daily duration
of sleep was 7.23 + 1.46 hours. There was no significant difference
with respect to the duration of inactivity (e.g. duration of sitting and
watching television), sleep and levels of physical activities between
adolescents with normal WC and those with AO (p > 0.05).
Logistic regression analysis of potential risk factors
(Table 1V), after controlling for various confounders, showed
that girls (p = 0.002), Indian ethnicity (p = 0.003), irregular
meals (p = 0.042) and increasing BMI (p < 0.001) were the only
significant factors associated with AO. Skipping dinners, being
a vegetarian, and FFQ scores for legumes/legume products and
sweet drinks/desserts were not significant factors. Nagelkerke’s
R squared of the model was 0.850.

DISCUSSION
This study targeted adolescents, who are young and more
amenable to lifestyle intervention programmes aimed at early
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Table I. Characteristics of adolescents with and without abdominal obesity.

Variable No. (%) p-value
All (n = 832) Normal WC (n = 738) AO (n = 94)
Age (yr) 0.266
15 280 (33.7) 248 (33.6) 32 (34.0)
16 529 (63.6) 472 (64.0) 57 (60.6)
17 23 (2.8) 18 (2.4) 5 (5.3)
Gender 0.065
Female 466 (56.0) 405 (54.9) 61 (64.9
Male 366 (44.0) 333 (45.1) 33 (35.1
Ethnicity < 0.001*
Malay 403 (48.4) 354 (48.0) 49 (52.1)
Chinese 337 (40.5) 311 (42.1) 26 (27.7)
Indian 85 (10.2) 66 (8.9) 19 (20.2)
Other 7 (0.8) 7 (0.9) 0 (0)
WC (cm) < 0.001*
Median (IQR) 67.9 (63.0-74.6) 66.7 (62.4-77.9) 92.3 (84.5-98.1)
Range 51.1-119.9 51.1-89.6 80.0-119.9
BMI (kg/m?)* 20.0 + 4.6 20.0 + 3.0 30.7 £ 3.7 < 0.001*
Father’s age* [n =794] [n =705] [n=89] 0.475
Age (yr)t 48.4 +5.4 48.3+5.3 48.8 +5.8
Education level* [n =788] [n =699] [n =89] 0.641
Primary school 5(8.2) 56 (8.0) 9 (10.1)
Secondary school 424 (53.8) 381 (54.5) 43 (48.3)
Pre-university/diploma 173 (22.0) 150 (21.5) 23 (25.8)
University 126 (16.0) 112 (16.0) 4 (15.7)
Mother’s age* [n = 803] [n=713] [n=90] 0.121
Age (yr)* 45.0 £ 5.2 45.1 +5.2 44.2 +5.3
Mother’s education level* [n =803] [n=711] [n=92] 0.925
Primary school 82 (10.2) 1 (10.0) 1(12.0)
Secondary school 474 (59.0) 420 (59.1) 4 (58.7)
Pre-university/diploma 158 (19.7) 140 (19.7) 8 (19.6)
University 89 (11.1) 80 (11.3) 9 (9.8)
Monthly household income (MYR)* [n =783] [n = 695] [n =88] 0.592
< 1,000 5 (7.0) 6 (6.6) 9 (10.2)
1,000-2,000 221 (28.2) 200 (28.8) 21 (23.9)
2,001-5,000 317 (40.5) 282 (40.6) 5 (39.8)
5,001-10,000 137 (17.5) 119 (17.1) 8 (20.5)
> 10,000 3 (6.8) 8 (6.9) 5(5.7)
No. of siblings* [n=822] [n=729] [n =93] 0.241
Median (IQR) 3 (2-4) 3 (2-4) 3 (2-4)
Range 0-10 0-10 1-8

*p < 0.05 was statistically significant. tData presented as mean + standard deviation. Value of n is listed in cases where some data was unavailable, and percentages
were calculated based on available data. AO: abdominal obesity; BMI: body mass index; IQR: interquartile range; WC: waist circumference

prevention of obesity-related diseases in adulthood. It showed
that the prevalence of overweight or obese Malaysian adolescents
based on BMI criteria (overall 23.2%; overweight 14.9%; obese
8.3%) was similar to that reported in developed countries.®"
However, this prevalence was much higher than rates reported for
Malaysian adolescents by Moy et al in 2004 (7.3%)%? and Zalilah
etal in 2006 (19.4%).5% Our findings suggest that the prevalence
of overweight and obese Malaysian adolescents has increased
from 2003/2006 to 2013. It should be noted, however, that Moy
et al’s study was set in an urban area (Kuala Lumpur),®? while
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Zalilah et al’s®® was in northern Malaysia, and that both of these
studies used 1995 WHO BMI criteria® to determine the BMI
status of their participants. In contrast, we chose 2007 WHO BMI
criteria for our study.®” For these reasons, data from the earlier
studies may not be comparable with ours. The prevalence of
overweight and obese adolescents in our study was also similar to
that of Indian adolescents (24%) in Asia in 2008.%> Nevertheless,
the prevalence reported among Malaysian adolescents was lower
than that of American adolescents (39.2%) but higher than that
of Korean adolescents (18%).%
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Fig. 1 Charts show frequency distribution of the waist circumference
measurements of Malaysian adolescents among (a) all adolescents
(n=832), (b) adolescent girls (n = 466) and (c) adolescent boys (n = 366).

To the best of our knowledge, this was the first study to
examine the prevalence of AO in Malaysian adolescents. Our
rate of 11.3% was lower than the reported prevalence among
American adolescents (34.7%) but higher than the reported rates
for Korean (8.3%)%® and Spanish (9.4%)%” adolescents. This
finding contradicts those of a systematic review by de Moraes
et al in 2011, which reported higher prevalence of AO among
adolescents in developing countries than those from developed
nations.®® One possible explanation could be differences in

40.004 ° s R
E
2 30.00
x
(]
©
£
a
®©
1S
% 20.00
]
i}
10.00 : - T T
60.00 80.00 100.00 120.00
Waist circumference (cm)

Fig. 2 Scatter plot shows the relationship between body mass index and
waist circumference (Spearman correlation coefficient r = 0.878; p < 0.05).

the WC cut-off values used for defining AO in adolescents from
different populations in these various studies, with resultant wide
variations in the prevalence found.

The WC of adolescents in our study correlated strongly
and significantly with BMI. However, the prevalence of obesity
according to WC was 3.0% higher than that determined based
on BMI, indicating that approximately 3.0% of adolescents who
were not obese had AO. The use of BMI as an indicator of obesity
may thus underestimate the prevalence of obesity. The findings
of our study were in agreement with earlier reports that WC was
a better indicator for obesity than BMI.%940

After controlling for various potential risk factors, multivariate
logistic regression analysis confirmed that only four risk factors
were significantly associated with AO: increasing BMI; female
gender; Indian ethnicity; and irregular meals. Our finding that AO
was significantly more common among Malaysian adolescents of
Indian ethnicity (p < 0.05) is consistent with previous studies, such
as the National Health and Morbidity Survey I, which reported
the prevalence of AO to be highest among Indian adults in the
Malaysian population.“? Taken together, these findings hint at
genetic (ethnic in origin) and environmental (e.g. dietary habits)
factors, and interactions that may play roles in predisposing
individuals to AO in Malaysia.

In this study, more participants skipped breakfast than
lunch and dinner. This is consistent with other studies that have
reported breakfast as the most commonly skipped meal among
adolescents.“? However, unlike the findings of other investigators,
no significant association was found in our study between skipping
breakfast and AO among Malaysian adolescents.?**> Instead, we
found that taking meals irregularly was a significant risk factor
associated with AO after controlling for various confounders.
This could be due to the decreased thermic effect of food after
an irregular meal pattern when compared with individuals with
a regular meal pattern, as reported in a study on healthy lean
women,“? resulting in the development of AO in the former group.

Previous cross-sectional studies, longitudinal studies and
randomised clinical trials have reported significant associations
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Table Il. Dietary habits and FFQ scores of adolescents with and without abdominal obesity.

Variable

No. (%)/mean % standard deviation p-value
All (n = 832) Normal WC (n = 738) AO (n = 94)

Regular meal intake 0.035*
Yes 404 (48.6) 368 (49.9) 36 (38.3)
No 428 (51.4) 370 (50.1) 58 (61.7)

Breakfast intaket [n =829] [n =736] [n =93] 0.380
Daily 401 (48.4) 360 (48.9) 41 (44.1)
Not daily 428 (51.6) 376 (51.1) 52 (55.9)

Lunch intake 0.771
Daily 699 (84.0) 621 (84.1) 78 (83.0)
Not daily 133 (16.0) 117 (15.9) 16 (17.0)

Dinner intake* [n =830] [n =736] < 0.001*
Daily 627 (75.5) 572 (77.7) 55 (58.5)
Not daily 203 (24.5) 164 (22.3) 39 (41.5)

Snack intake* [n =829] [n =735] 0.371
Daily 233 (28.1) 212 (28.8) 21 (22.3)
Weekly 344 (41.5) 300 (40.8) 44 (46.8)
Rarely 252 (30.4) 223 (30.3) 29 (30.9)

High fibre intake* [n = 830] [n =736] 0.479
Daily 298 (35.9) 262 (35.6) 36 (38.3)
Weekly 312 (37.6) 280 (38.0) 32 (34.0)
Rarely 220 (26.5) 194 (26.4) 26 (27.7)

Sweet drink intake* [n = 830] [n=736] 0.225
Daily 333 (40.1) 295 (40.1) 38 (40.4)
Weekly 321 (38.7) 279 (37.9) 42 (44.7)
Rarely 176 (21.2) 162 (22.0) 14 (14.9)

Fast food intake 0.193
Daily 35 (4.2) 34 (4.6) 1(1.1)
Weekly 366 (44.0) 327 (44.3) 39 (41.5)
Rarely 431 (51.8) 377 (51.1) 54 (57.4)

Vegetarian* [n=829] [n=735] 0.087
Yes 28 (3.4) 22 (3.0) 6 (6.4)
No 801 (96.6) 713 (97.0) 88 (93.6)

FFQ score
Grains/tuber 17.38 + 5.53 17.35 + 5.60 16.70 + 4.99 0.436
High-fat foods 20.47 + 8.14 20.33 + 8.06 21.57 +8.70 0.153
Poultry/meat/seafood 8.16 + 4.28 8.17 +4.29 8.04 +4.21 0.653
Milk/dairy products 4.70 £ 3.13 4.67 + 3.09 4.96 + 3.41 0.193
Legumes/legume products 4.89 + 2.86 4.81 +2.87 5.51 +2.77 0.050
Processed/fast foods 8.54 + 3.42 8.50 + 3.44 8.81 + 3.21 0.303
Sweet drinks/desserts 14.80 + 6.49 14.65 + 6.44 15.98 + 6.76 0.034*
Fruits/vegetables 11.19 +4.12 11.22 + 4.14 10.93 + 3.99 0.679

All FFQ score values were transformed to logarithms for analysis. Independent t-test was used to analyse continuous data while chi-square test was used to analyse
category data. *p < 0.05 was statistically significant. tValue of n is listed in cases where some data was unavailable, and percentages were calculated based on
available data. AO: abdominal obesity; FFQ: Food Frequency Questionnaire; WC: waist circumference

between high consumption of sweetened beverages and adiposity
in children and adolescents.“>*¥ In our study, although univariate
analysis showed a similar association (as indicated by the
significantly higher FFQ score for sweet foods/desserts among
adolescents with AO), multivariate logistic regression analysis
did not show this association to be statistically significant after
controlling for various potential confounders. We also did not
find intake of legumes, cereals and grains to be significant
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factors associated with AO.“**Y Our findings did not support
other studies that found the consumption of more legumes to be
positively associated with obesity or AO.“" Further studies are
needed to determine whether the exact portion size of legume
intake by Malaysian adolescents could explain this variance
between studies.

This study was not without limitations. Most of the information
was collected via interviews, which may entail recall bias.
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Table Ill. Comparison of levels of physical activity between adolescents with and without abdominal obesity.

Variable No. (%)/mean * standard deviation p-value
All (n = 832) Normal WC (n = 738) AO (n = 94)
Time spent on TV/electronic device per week (min)* 2,351 + 1,580 2,374 + 1,593 2,179 + 1,482 0.189
Daily duration of sitting (min) 463 + 65 467 + 210 425 + 213 0.187
IPAQ score (MET)* 4,147 + 4,125 4,170 £ 4,122 4,021 + 4,199 0.666
Level of physical activity* [n =754] [n = 668] [n = 86] 0.492
High 406 (53.7) 361 (54.0) 45 (52.3)
Moderate 247 (32.8) 221 (33.1) 26 (30.2)
Low 101 (13.4) 86 (12.9) 15 (17.4)
Daily duration of sleep (hr) 7.23+1.46 7.23+1.49 7.28 +1.24 0.500

*Values were transformed to logarithmic scale for analysis. Independent t-test was used to analyse continuous data, while chi-square test was used to analyse
categorical data. tValue of n is listed in cases where some data was unavailable, and percentages were calculated based on available data. AO: abdominal obesity;
IPAQ: International Physical Activity Questionnaire; MET: metabolic equivalent; WC: waist circumference

Table IV. Results of logistic regression analysis of potential risk factors associated with abdominal obesity (n = 832).

Variable [ Adjusted OR (95% CI) p-value
Female gender 1.955 7.064 (2.087-23.913) 0.002*
Indian ethnicity 2.319 10.164 (2.182-47.346) 0.003*
Irregular meals 1.161 3.193 (1.043-9.774) 0.042*
Body mass index 1.053 2.867 (2.216-3.710) < 0.001*
Not taking dinners daily -0.662 0.516 (0.179-1.488) 0.221
Vegetarian diet 0.921 2.512 (0.293-21.526) 0.401
FFQ score

Sweet drinks/desserts -0.027 0.974 (0.891-1.064) 0.557

Legumes/legume products 0.16 1.102 (0.934-1.105) 0.717
Constant -31.963 < 0.001*

*p < 0.05 was statistically significant. B: beta coefficient; Cl: confidence interval; FFQ: Food Frequency Questionnaire; OR: odds ratio

Also, information on the portion size of food intake was not
obtained. However, a previous study found that including
data on portion size in the FFQ did not give significant extra
information when estimating usual food intake.®? Although
our study showed that AO was associated with irregular meal
intake, this association may be due to the phenomenon of reverse
causation, as participants with abdominal obesity may have a
higher tendency toward irregular meal intake in an attempt to lose
weight and, consequently, more frequently report the practice.
As the five schools included in the present study were selected
before participants from each school were invited to participate,
the participants were nested within each school. This practice
resulted in data clustering, which could possibly have affected the
statistical significance of our results. Furthermore, the study was
conducted only on Form 4 (year 11) students aged 15-17 years.
It is uncertain whether the prevalence and risk factors of AO
among Malaysian adolescents below or above this age range
would be similar. However, in view of the large sample size and
multiethnicity of the participants recruited, our findings were,
to some extent, representative of all adolescents from suburban
areas in Malaysia.

In conclusion, AO prevalence was high among adolescents
in a suburban district of Selangor state, Malaysia. Factors such
as female gender, Indian ethnicity, irregular meal intake and
increasing BMl significantly increased the risk of AO among these
adolescents. Lifestyle interventions, including changes in dietary

habits, may be needed to reduce AO in this group of Malaysian
adolescents, particularly among girls and those of Indian ethnicity.
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