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Abstract

Background: Overweight and obesity are growing health problems both worldwide and in Malaysia due to such
lifestyle changes as decreased physical activity (PA), increased sedentary behavior and unhealthy eating habits.
This study examined the levels and patterns of PA among normal-weight and overweight/obese adults and
to investigate the association between PA level and overweight/obesity in Malaysian adults.

Methods: This study used data from the 2015 National Health and Morbidity Survey (NHMS), a nationwide
cross-sectional survey that implemented a two-stage stratified random sampling design. Respondents aged
18 years and above (n=17,261) were included in the analysis. The short version of International Physical
Activity Questionnaire (IPAQ) was administered to assess the respondents’ PA levels. The respondents’ height
and weight were objectively measured and body mass index (BMI) was calculated. The respondents were
categorized according to BMI as either normal-weight (18.5-24.9 kg/m?) or overweight/obese (=25 kg/m?).
Descriptive and complex sample logistic regression analyses were employed as appropriate.

Results: Overall, approximately 1 in 2 respondents (51.2%) were overweight/obese, even though the majority
(69.0%) reporting at least a moderate level of PA (total PA =210 MET-hours/week). In both normal-weight and
overweight/obese groups, a significantly higher prevalence of high PA (total PA =50 MET-hours/week) was
observed among men than women (p < 0.001), but women reported a significantly higher prevalence of low
and moderate PA than men (p <0.001). Men reported significantly higher activity levels (in MET-hours/week)
than women with regard to walking, vigorous-intensity PA and total PA (p <0.001). Overweight/obese men
reported a significantly lower level of vigorous-intensity PA and total PA than normal-weight men (p < 0.001).
A low level of PA was associated with the risk of overweight/obesity (Adjusted OR = 1.14; 95% Cl: 1.01-1.30)
compared to a high level of PA among men but not among women.

Conclusions: The levels of PA were inversely related to the risk of overweight/obesity in men but not in
women. Programs designed to reduce overweight/obesity rates should encourage the practice of moderate-
to vigorous-intensity PA. Future research should consider using longitudinal and prospective approaches that
simultaneously measure dietary intake, PA and BMI among Malaysian adults to investigate the actual relationship
between PA and overweight/obesity.
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Background
Overweight and obesity are growing public health prob-
lems that have become global epidemics [1]. Numerous
reports have shown that various non-communicable
diseases such as cardiovascular disease, type II diabetes
mellitus, hypertension, dyslipidemia and certain types of
cancer were related to overweight/obesity, which can
further enhance the burden of diseases and the mortality
rate [1-3]. Globally, the number of overweight and
obese people increased almost three folds during the last
three decades (from 857 million in 1980 to 2.1 billion in
2013), with proportion of females outweighed males [4]. In
addition, worldwide in 2014, World Health Organization
(WHO) reported that adults aged 18 years and older who
were overweight and obese were 39% and 13%, respectively
[5]. Overweight and obesity were once considered to only
affect high-income countries, but they have increased tre-
mendously in developing countries, predominantly among
urban dwellers [5]. Social, economic and nutritional transi-
tions coupled with reduced physical activity following rapid
urbanization and modernization in these countries have in-
fluenced the health of their populations and communities.
Physical activity (PA) is defined as any bodily move-
ment produced by skeletal muscles that results in energy
expenditure [6]. Regular and adequate levels of PA in
adults are key contributors to energy expenditure and
are essential for energy balance and weight control [7].
Numerous studies have reported the importance of PA
for weight control [8—10]. Furthermore, PA has been
shown to reduce the risk of cardiovascular disease and
other chronic diseases, including diabetes mellitus,
hypertension, obesity, cancer (colon and breast), and
osteoporosis [11]. According to the WHO guidelines
(2010), an adult aged 18 to 64 years should perform at
least 150 min/week of moderate-intensity aerobic PA, or
75 min/week of vigorous-intensity aerobic PA, or an
equivalent combination of moderate- and vigorous-
intensity PA, which is equivalent to a total PA level
of at least 600 metabolic equivalent-minutes per week
(MET-minutes/week) or 10 MET-hours/week [12].
Various types, amounts and intensities of PA are
needed for different health outcomes. For instance, a
person who engaged in regular PA of moderate-
intensity for a duration of 30 min or more on most
days of the week has a lower risk for cardiovascular
disease, diabetes, colon cancer and breast cancer.
However, for body weight control and to prevent un-
healthy weight gain in adulthood, approximately
60 min of moderate- to vigorous-intensity PA in a
day preferably all days per week may be needed [13].
An appropriate daily caloric intake is also recom-
mended. Formerly overweight/obese people require
approximately 60 to 90 min of moderate-intensity PA
each day to maintain weight loss [14].
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The prevalence of obesity has reached epidemic levels
in many developing countries, and Malaysia is of no ex-
ception. Based on previous National Health and
Morbidity Surveys (NHMSs) carried out in 2006, 2011
and 2015, an increasing trend of overweight and obesity
prevalence was observed among Malaysian adults aged
18 years and older: 29.1% (95% CI: 28.6—-29.7) and
14.5% (95% CI: 13.6—14.5) in 2006 [15], 29.4% (95% CI:
28.4-30.4) and 15.1% (95% CI: 14.3-15.9) in 2011 [16],
30.0% (95% CI: 29.1-31.0) and 17.7% (95% CI: 16.9-18.5)
in 2015, respectively [17]. According to a systematic ana-
lysis of global data on the prevalence of overweight and
obesity in adults [4], the prevalence of obesity in Malaysia
(11.4% in males; 16.7% in females) was observed to be
lower than that reported in Western countries, such as
Australia (27.5% in males; 29.8% in females) and the
United States (31.7% in males; 33.9% in females), but al-
most three to four times higher than in other Asian coun-
tries, such as India (3.7% in males; 4.2% in females), China
(3.8% in males; 5.0% in females), Taiwan (4.3% in males;
6.4% in females) and Japan (4.5% in males; 3.3% in
females).

Overweight and obesity have been linked to various
factors, including physical inactivity, unhealthy dietary
habits, alcohol intake, socioeconomic conditions and
genetic factors [18]. Changes in individual lifestyle be-
haviors, such as a lack of PA and increased sedentary
behavior associated with rapid urbanization, may lead
to an increasing prevalence of overweight and obesity.
However, studies among Malaysian populations have
yielded conflicting results with an increased prevalence
of overweight and obesity, despite increasing rates of
PA participation. Statistics from the NHMS show that
Malaysian adults aged 18 years and older are becoming
more physically active, with the prevalence of PA
(achieving at least 10 MET-hours/week of total PA) in-
creasing from 56.3% (95% CI: 55.5-57.1) in 2006 [19]
to 64.8% (95% CI: 63.6—-66.1) in 2011 [16] and 66.9%
(95% CI: 65.8-68.0) in 2015 [17]. Compared to other
countries that have used the IPAQ, the prevalence of
PA in Malaysia is slightly higher than in Taiwan (57.7%)
and Japan (56.7%) but considerably lower than in China
(93.1%) and Australia (82.9%) [20]. Despite increasing
PA, Malaysia is now ranked as Southeast Asia’s fattest
country according to recent reports by the WHO, with
the percentages of overweight or obese men and women
being 43.8% and 48.6%, respectively [4].

Based on a previous national nutrition survey con-
ducted in Malaysia, Malaysian adults had a daily me-
dian energy intake of 1466 kcal/day or 64% of the
Malaysian Recommended Nutrient Intakes (RNI), with
men (1489 kcal/day) reporting a higher median energy
intake than women (1445 kcal/day) [21]. The study
observed that energy intake among the Malaysian
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population falls below the recommended intake level.
However, the study had a relatively small sample size
and nearly half of the studied subjects had under-
reported their energy intakes [21]. The study may not
reflect the true energy intake of the Malaysian popula-
tion and cautious interpretation of the findings is re-
quired. The national nutrition survey was conducted as
a 10-year survey in Malaysia. In 2015, the energy intake
of the Malaysian population was not measured because
it was not included in the scope of the 2015 NHMS.
The national nutrition surveys should be conducted
regularly at shorter intervals to provide information on
the dietary trends and energy intake patterns of the
Malaysian population.

As the 2015 NHMS reported that a substantial propor-
tion of Malaysian adult population were overweight and
obese and a high prevalence of PA [17], the question of
why an increasing number of Malaysians are overweight
or obese, even with increasing PA participation, subse-
quently arises. Are Malaysians sufficiently physically ac-
tive to counter the rise in overweight and obesity?
Despite extensive evidence on the beneficial effect of PA
on body weight [8-10], studies on the association be-
tween PA levels and overweight and obesity among the
Malaysian population are lacking. Therefore, the aims of
this study were to examine PA levels (low, moderate,
and high PA) and patterns of PA (walking, moderate-
intensity PA, vigorous-intensity PA and total PA) in
normal-weight and overweight/obese adults and to de-
termine the associations between PA levels and over-
weight/obesity among Malaysian adults. This study
could generate important evidence to support policy-
making decisions in designing effective PA programs
and interventions for overweight and obese populations.

Methods

Study design and sampling

This study was based on data on adults aged 18 years
and older from the 2015 NHMS, a cross-sectional survey
with a two-stage proportionate to size cluster sampling
design to ensure national representativeness. The 2015
NHMS was a nationwide household survey that targeted
all non-institutionalized Malaysian residents. The strati-
fication was performed by states and urban/rural locali-
ties. States and Federal Territories constituted the
Primary Stratum, and urban and rural areas within the
states were considered the Secondary Stratum. The
sampling process was completed by the Department of
Statistics Malaysia using an updated 2014 sampling
frame. Based on the frame, Malaysia was divided into
contiguous geographical areas called ‘enumeration
blocks’ (EBs). We included all states and Federal Terri-
tories in this survey. Within each state, selected numbers
of EBs from urban and rural areas were randomly
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selected. Each EB consisted of 80 to 120 living quarters
(LQs) with an average population of 500 to 600 people.
Using the probability-proportional-to-size sampling tech-
nique, a total of 869 EBs (536 urban and 333 rural) were
randomly chosen from the total EBs in Malaysia (approxi-
mately 75,000). In each selected EB, a total of 12 LQs were
randomly chosen, and all eligible household members
within the selected LQs were invited to participate in this
survey. A detailed methodology and sampling design of
the survey is described in the NHMS 2015 official
report [22].

Data collection

Data were collected from March to June 2015 by
trained evaluators via face-to-face interviews using a
standardized pre-validated structured questionnaire.
The questionnaire was programmed into an applica-
tion, known as the e-NHMS 2015 application, and
uploaded onto Samsung Galaxy tablets as mobile data
collection tools. The tablets were used to collect data,
store and back up data in the SD cards, and upload
data to the central system. A total of 19,767 eligible
adults aged 18 years and older who were living in the
selected households were invited to participate in this
survey. Vacant or closed houses during the initial visit
were revisited up to three times to maintain the re-
quired sample size. Information sheets and consent
forms were given to all eligible respondents prior to the
interviews. The information sheet and consent form
were read aloud to respondents who are illiterate and
signified by a thumb print. The Medical Research and
Ethics Committee (MREC), Ministry of Health Malaysia
granted the permission to carry out the study (NMRR-
14-1064-21,877).

Physical activity assessment

The short version of International Physical Activity
Questionnaire (IPAQ) was used to measure physical ac-
tivity. The reliability and validity of the IPAQ have been
proven in 12 different countries [23]. In this survey, we
adopted the Malay version of the IPAQ, which was pre-
viously pilot-tested and pre-validated in our previous
2011 NHMS [24]. The short version IPAQ in both Malay
language (Bahasa Malaysia) and English language was
used to measure self-reported physical activity during
the past 1 week. The physical activity level and intensity
were calculated in metabolic equivalent task minutes per
week (MET-minutes/week) based on the IPAQ scoring
protocol [25]. Total minutes spent on vigorous activity,
moderate-intensity activity, and walking over the last 7
days were multiplied by 8.0, 4.0, and 3.3, respectively, to
compute MET scores for each activity. The total physical
activity score was calculated as the sum of all MET
scores from the three sub-components. Physical activity
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was categorized into low, moderate and high PA level
according to the scoring rules of the short version IPAQ
[25]. In the present study, PA in MET-minutes/week
was transformed and presented as MET-hours/week to
enhance the consistency and interpretability of our
findings.

Sedentary behavior

Sedentary behavior was measured as part of the short
version IPAQ based on the IPAQ sitting question but
was not included in any part of the derived physical ac-
tivity summary score. Respondents were asked to think
about the total time that they spent (hours per day) sit-
ting or lying down, including in the workplace, in the
house, in their free time and while travelling by vehicle,
excluding time spent sleeping, on a typical day. Total
daily sitting time was used as a proxy of overall seden-
tary behavior. The respondents were categorized into: (i)
those who have at least 8 h of total sitting time per day
and (ii) those who have less than 8 h of total sitting time
per day. This categorization was applied according to
evidence from previous studies which reported total sit-
ting time of more than 8 h a day is positively associated
with all-cause mortality [26].

Anthropometric measurements

The height and weight of the respondents (wearing only
light clothing and bare-footed) were measured using the
SECA Portable Stadiometer 213 (SECA GmbH & Co.
KG, Hamburg, Germany) and the TANITA Digital
Weighing Scale HD 319 (TANITA Corp., Tokyo, Japan)
to the nearest 0.1 cm and 0.1 kg, respectively. The aver-
age value of two measurements was used for data entry
to minimize measurement error. Bedridden subjects,
amputees or those with limbs in plaster, pregnant
women and those who had given birth within less than
60 days prior to the interview were excluded from the
anthropometric measurements. Body mass index (BMI)
was calculated as weight divided by height squared (kg/m?).
In this study, we categorized the respondents into two BMI
groups, normal-weight (18.5-24.9 kg/m?) and overweight/
obese (= 25.0 kg/m2), based on the WHO cutoff points for
BMI [1]. All analyses were performed based on these two
groups. We excluded underweight (BMI < 18.5) respon-
dents in the analysis because our study focuses on the
comparison between overweight/obese and normal-weight
groups.

Control variables

In this study, several socio-demographic variables and
cardiometabolic health status were included as control
variables in the regression model. Age (categorized into
18-29 years, 30—39 years, 40—49 years, 50—59 years, and
60 years and above), ethnic groups (Malays, Chinese,
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Indian, other Bumiputeras, and “Others”), residential
area (urban and rural), marital status (single, married,
widow/widower/divorcee), educational level (no formal
education, primary, secondary and tertiary education)
and monthly household income [in Malaysian Ringgit
(MYR) (1 USD =~ 4.44 MYR); grouped into less than
MYR1000, MYRI000-MYR1999, MYR2000-MYR2999,
MYR3000-MYR3999, MYR4000-MYR4999, and MYR5000
and above] were considered potential covariates in the sex-
specific analysis.

The presence or absence of cardiometabolic comor-
bidities, such as diabetes, hypertension and hyperchol-
esterolemia, was assessed according to respondents’
self-reported information on these health conditions as
diagnosed by a doctor or healthcare professional. The
respondents were asked to answer “yes” or “no” to the
question “Have you ever been told by a doctor or
Assistant Medical Officer that you have diabetes, hyper-
tension or hypercholesterolemia?”

Statistical analyses

Descriptive statistic was used to illustrate the socio-
demographic and other characteristics of the respon-
dents according to BMI status. Pearson’s Chi-square test
for categorical variables was used to analyze differences
in characteristics between the study variables and BMI
status. The prevalence of “low PA”, “moderate PA” and
“high PA” by BMI status among men and women was
examined. Statistically significant differences between
men and women in each BMI group were tested using
Chi-square tests. Mean values of physical activity
(MET-hours/week) and sedentary behavior (hours/day)
were also examined relative to BMI status among men
and women. Statistical comparisons between men and
women in each BMI group were performed using the
independent t-test. Statistically significant differences
between normal-weight and overweight/obese groups
within sexes were also tested. Univariate and multivariate
logistic regression analyses were performed separately for
men and women to investigate the associations between
physical activity level (low, moderate, or high) and over-
weight/obesity with adjustments for other covariates.
Crude and adjusted odds ratios (ORs) with 95% confi-
dence intervals (CIs) were calculated. Selected variables
(with a p-value of <0.25 in the univariate analysis) were
included in the final multivariate analysis model [27].
The multivariate analysis was performed for men and
women separately to examine the independent associ-
ation between PA level and overweight/obesity while
adjusting for all other potential covariates such as socio-
demographic characteristics, sedentary behavior, and car-
diometabolic comorbidities. The statistical significance
level was set at 0.05. All statistical analyses were done
using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).
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Sample weights and study design were taken into con-
sideration using a complex sampling design in all data
analyses. The extended Mantel-Haenszel chi-square for
linear trend analysis was performed using OpenEpi
Version 3.01, an open source software program for epi-
demiologic statistics, to investigate whether there were
any dose-response relationships between physical activity
level (low, moderate, high) and the risk of overweight/
obesity among Malaysian adults aged 18 years and older.

Results

Out of 19,767 eligible adults, 18,296 respondents com-
pleted the PA assessment and anthropometric measure-
ments in the 2015 NHMS giving a response rate of
92.6% in this study. To focus on the comparison be-
tween overweight/obese and normal-weight groups, we
excluded underweight respondents (n = 1035). Therefore,
the final sample included 17,261 respondents.

Table 1 shows the characteristics of the respondents
by BMI status. We combined overweight and obese
adults into one group. Of the 17,261 respondents, ap-
proximately half were overweight/obese (51.2%). The
majority of the respondents were Malays (49.0%), urban
dwellers (76.0%), married (66.6%), and had a secondary
level education (46.9%). Regarding physical activity level,
most of the respondents reported moderate PA (42.2%)
followed by low PA (31.0%) and high PA (26.8%). Most
of the respondents (85.9%) reported less than 8 h of
sitting time per day. A small proportion of respondents
reported having diabetes (8.6%), hypertension (13.8%),
and hypercholesterolemia (9.7%). The percentage of
overweight/obese individuals increased with age and
level of education. A bigger proportion of overweight/
obese individuals were made up of Indians (65.3%) com-
pared to other ethnic groups. Respondents who reported
low or moderate PA constituted a higher proportion of
overweight/obese individuals compared to those who re-
ported high PA. Respondents with diabetes, hyperten-
sion or hypercholesterolemia also represented a high
percentage of overweight/obese individuals.

Table 2 shows the prevalence of low, moderate and
high PA by BMI status among men and women. For
both BMI groups (normal-weight and overweight/obese),
a significantly higher prevalence of high PA was ob-
served among men than women (p<0.001), but the
prevalence of low and moderate PA was significantly
higher among women than men (p <0.001). Regardless
of BMI status, the prevalence of high PA was approxi-
mately twice as high in men as in women (Table 2).
Among men, the overweight/obese group reported a sig-
nificantly lower prevalence of high PA compared to the
normal-weight group (p<0.001). Among women, the
overweight/obese group reported a slightly higher preva-
lence of moderate PA and high PA compared to the
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normal-weight group (p = 0.021) (see Additional file 1:
Table S1).

Table 3 shows the mean values of physical activity
(MET-hours/week) and sedentary behavior (hours of sit-
ting time/day) for men and women according to BMI
status. In both BMI groups, men reported significantly
higher activity levels (in MET-hours/week) than women
with regard to walking, vigorous-intensity PA and total
PA (p<0.001). Among men, total PA and vigorous-
intensity PA levels were significantly lower in the over-
weight/obese group compared to the normal-weight
group (p<0.001) (see Additional file 2: Table S2).
Among women, the overweight/obese group reported a
slightly higher level of moderate-intensity PA compared
to the normal-weight group (p =0.028). There were no
significant differences observed for activity levels of
walking, vigorous-intensity PA or total PA between
normal-weight women and overweight/obese women
(see Additional file 2: Table S2). In terms of sedentary
behavior, no significant differences were observed across
the mean hours of sitting time/day between BMI groups
or between men and women (Table 3).

Table 4 shows the logistic regression analyses for over-
weight/obesity among men and women. Multivariate
analysis showed that respondents (only men, not
women) with a lower level of PA (moderate PA level)
were more likely to be overweight/obese (OR =1.14; 95%
CL: 1.01-1.30) compared to those with a high level of
PA. Relative to a high level of PA, a low level of PA
showed no significant association with the risk of over-
weight/obesity in this study. No significant association
was observed between sedentary behavior and over-
weight or obesity among men and women. Among the
socio-demographic variables, age, ethnicity and educa-
tional level were significantly associated with being over-
weight and obese in both sexes. Regarding marital
status, married men (OR = 1.38; 95% CI: 1.15-1.67) were
more likely to be overweight or obese than single men.
The odds of overweight and obesity were high among
those with hypertension and male adults with diabetes
and hypercholesterolemia.

The extended Mantel-Haenszel chi-square test for both
sexes showed that an increased level of physical activity
was significantly associated with a lower risk of overweight
and obesity (a dose-response relationship) after adjusting
for age (p = <0.001). When the test was performed for
each sex separately and stratified by age, the associated p-
values for men and women were p = <0.001 and p=
0.048, respectively, suggesting that a dose-response rela-
tionship exists in both men and women (data not shown).

Discussion
Our study explored differences in the levels and patterns
of PA between normal-weight and overweight/obese
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Table 1 Characteristics of respondents by BMI status, NHMS 2015
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Characteristic

BMI status

Total sample Normal-weight Overweight/Obese p-value (Chi-square)
n (%) n (%) n (%)
Overall 17,261 (100.0) 7718 (48.8) 9543 (51.2)
Sex 0.003
Men 8287 (52.6) 3984 (50.3) 4303 (49.7)
Women 8974 (47.4) 3734 (47.1) 5240 (52.9)
Age group (years) <0.001
18-29 3900 (30.5) 2265 (60.0) 1635 (40.0)
30-39 3480 (23.6) 0 (480) 1970 (52.0)
40-49 3374 (18.5) 1255 (40.3) 9 (59.7)
50-59 5(14.7) 1199 (38.3) 6 (61.7)
260 3192 (12.7) 1489 (47.7) 1703 (52.3)
Ethnicity <0.001
Malays 10,678 (49.0) 4411 (44.0) 6267 (55.9)
Chinese 2676 (22.5) 1455 (56.5) 1221 (43.5)
Indians 1238 (7.0) 452 (34.7) 786 (65.3)
Other Bumiputeras 1562 (11.1) 727 (475) 835 (52.5)
Others 1107 (104) 673 (65.0) 434 (35.0)
Residential area 0.067
Urban 9976 (76.0) 4473 (48.2) 5503 (51.8)
Rural 7285 (24.0) 3245 (50.7) 4040 (49.3)
Marital status <0.001
Single 3402 (26.5) 1973 (59.1) 1429 (40.9)
Married 12,211 (66.6) 5025 (44.9) 7186 (55.1)
Widow/widower/divorcee 1648 (6.9) 720 (46.3) 928 (53.7)
Educational level 0.002
No formal education 0 (5.6) 583 (554) 527 (44.6)
Primary 4226 (21.0 1876 (49.2) 2350 (50.8)
Secondary 7927 (46.9) 3423 (47.0) 4504 (53.0)
Tertiary 3806 (26.4) 1730 (49.7) 2076 (50.3)
Monthly household income (1 USD = 4.44 MYR) 0.824
< MYR1000 2721 (13.2) 1263 (50.5) 1458 (49.5)
MYR1000-MYR1999 3137 (164) 1423 (494) 1714 (50.6)
MYR2000-MYR2999 2934 (16.4) 1318 (48.5) 1616 (51.5)
MYR3000-MYR3999 7 (13.0) 964 (48.0) 1253 (52.0)
MYR4000-MYR4999 1535 (9.7) 691 (48.5) 844 (51.5)
= MYR5000 7 (313) 2059 (483) 2658 (51.7)
Physical activity level <0.001
Low 5230 (31.0) 2371 (49.0) 2859 (51.0)
Moderate 7221 (42.2) 3080 (46.6) 4141 (534)
High 4751 (26.8) 2233 (51.7) 2518 (48.3)
Sedentary behaviour 0.584
Yes (= 8 h sitting time/day) 2197 (14.1) 992 (48.0) 1205 (52.0)
No (< 8 h sitting time/day) 14,986 (85.9) 6683 (48.8) 8303 (51.2)
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Table 1 Characteristics of respondents by BMI status, NHMS 2015 (Continued)

Characteristic

BMI status

Total sample Normal-weight Overweight/Obese p-value (Chi-square)
n (%) n (%) n (%)
Diabetes < 0.001
Yes 1869 (8.6) 558 (30.0) 1311 (70.0)
No 15392 (914) 7160 (50.5) 8232 (49.5)
Hypertension <0.001
Yes 2908 (13.8) 815 (28.8) 2093 (71.2)
No 14,353 (86.2) 6903 (52.0) 7450 (48.0)
Hypercholesterolemia <0.001
Yes 2016 (9.7) 593 (31.3) 1423 (68.7)
No 15,245 (90.3) 7125 (50.6) 8120 (494)

adults and examined the relationship between PA level
and overweight/obesity among a representative sample
of Malaysian adults. We observed that slightly more
than half of Malaysian adults (51.2%) were overweight or
obese (BMI = 25), although nearly 70% of subjects re-
ported at least a moderate level of PA (total PA >10
MET-hours/week). This finding means that most of the
participants met the minimum level of 600 MET-
minutes/week (10 MET-hours/week) of total PA as rec-
ommended by the WHO (2010) [12] but have an over-
weight or obese BMI. An individual may need to do
more than the minimum recommended level of PA to
lose weight [28]. However, the exact amount and inten-
sity of PA needed to maintain or lose weight is not
clear, since these requirements vary between different
individuals and change according to the energy intake
of a person [28]. Our study revealed that overweight or
obese adults were less likely to engage in vigorous-
intensity PA compared to normal-weight adults and
that this phenomenon is only observed among men
(not among women). The levels of PA were observed to
be inversely associated with the risk of overweight/
obesity in men but not in women.

In this study, regardless of BMI status, men reported a
twice higher prevalence of high PA compared to women,
while the prevalence of low and moderate PA was

significantly higher among women than men. Men also
reported higher activity levels than women with regard
to vigorous-intensity PA and total PA as reported in
previous studies [29, 30]. This finding may be explained
by greater participation in vigorous-intensity activities,
such as sports and exercise, among men and a higher
level of light- and moderate-intensity activities, such as
household chores among women. We observed that
men in the overweight/obese group engaged in less
vigorous-intensity PA and total PA compared to men in
the normal-weight group. Similar results have been re-
ported in other studies [31, 32]. One possible explan-
ation is that it may be more difficult for overweight/
obese men to perform vigorous-intensity PA (e.g., jog-
ging, running, swimming, and hiking) due to their poor
physical condition. However, whether less physical ac-
tivity causes overweight and obesity or vice versa is un-
clear. Among women, the level of PA and PA intensity
did not differ significantly between the normal-weight
and overweight/obese groups. Women have been iden-
tified as the least active subgroup in our previous stud-
ies [24], and the low level of PA among women may
contribute to the non-significant findings of this study.
After adjusting for potential confounders, we observed
that the practice of moderate-level PA was associated
with a greater likelihood of overweight/obesity compared

Table 2 Prevalence of low, moderate and high PA levels by BMI status among men and women, NHMS 2015

Variable BMI status
Normal-weight Overweight/Obese
Men Women p-value® Men Women p-value®
PA level, % (95% Cl) <0.001 <0.001
Low 265 (24.6-28.5) 36.8 (34.7-39.0) 284 (264-30.3) 334 (31.5-35.3)
Moderate 352 (333-37.2) 464 (44.3-486) 395 (37.6-41.5) 486 (46.7-50.5)
High 383 (35.9-40.7) 16.7 (15.2-184) 321 (30.2-34.1) 18.0 (16.6-19.6)

p-value for the differences between men and women in each BMI group using Chi-square test
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Table 3 Mean values of physical activity (MET-hours/week) and sedentary behaviour (hours/day) for men and women according to

BMI status, NHMS 2015

Variable BMI status
Normal-weight Overweight/Obese
Men Women p-value® Men Women p-value®
Physical activity, MET-hours/week (95%Cl)
Walking 87 (78-96) 65 (58-7.2) <0.001 85(7.7-92) 64 (5.9-6.9) <0.001
Moderate-intensity PA 13.9 (12.5-15.2) 144 (13.3-154) 0.768 129 (11.7-14.1) 16.0 (14.9-17.0) <0.001
Vigorous-intensity PA 484 (42.5-54.3) 10.1 (84-11.8) <0.001 344 (31.5-37.4)*** 9.6 (84-10.8) <0.001
Total PA 70.8 (64.0-77.6) 309 (28.7-33.2) <0.001 55.1 (51.7-58.5)*** 31.9 (30.0-33.8) <0.001
Sedentary behaviour, hours/day (95% Cl) 4.0 (3.9-4.2) 4.2 (41-44) 0.133 4.1 (40-43) 4.1 (39-43) 0.122

p-value for the differences between men and women in each BMI group using t-test

**¥p< 0.001, compared with normal weight group, within sex

to high-level PA among men only. No significant associ-
ation was observed between PA levels and overweight/
obesity among women in this study. Similarly, a study
conducted among Mexican adults also observed that a
high PA level was inversely associated with overweight/
obesity among men, but not among women [33]. This
finding may be attributed to the higher prevalence of
high PA levels noted in men compared to women as
high PA tends to have a greater effect in reducing
obesity. Moderate PA may not be sufficient to lower
BMI [34]. In addition, the non-significant association
between PA levels and BMI among women may be ex-
plained by the possible overestimation of self-reported
physical activity in overweight/obese women [33]. The
finding that men who reported a moderate PA level had
a higher risk of being overweight or obese according to
the logistic regression may be related to excess energy
intake and/or reduced energy expenditure from insuf-
ficient physical activity intensity. A higher intake of
energy (food) can suppress the beneficial effects of
physical activity on weight [35]. Low PA alone does
not necessarily contribute to a higher BMI because
weight gain only occurs when there is an increase in
energy intake coupled with reduced energy expendi-
ture [35]. However, data regarding regular food intake
to evaluate energy intake among the Malaysian popu-
lation was not available in this study.

Regarding sitting time and BMI status, self-reported
total sitting time in hours/day was not significantly dif-
ferent between normal-weight and overweight/obese
groups. In contrast to the significant association between
PA levels and overweight/obesity found in men, no sig-
nificant association was observed between sitting time
and overweight/obesity for either men or women in this
study. It should be noted that sedentary behavior (sitting
time) and self-reported PA are not linked and are not
determined by the same factors [36, 37]. In other words,
being sedentary is not the same as being insufficiently
physically active. An individual can be simultaneously

highly active and highly sedentary (e.g. a person who
has a desk job that requires sitting for 9 h a day, but
later jogs or runs every day after work). Additionally,
measurement errors of the amount of sedentary time
or the confounding effects of food intake might be an-
other plausible reason for the non-significant association
sedentary behavior and overweight/obesity among men
and women in our study. Previous studies have shown
mixed findings regarding the association between sitting
time and BMI. A Portuguese study among 4091 Azorean
men revealed a positive association between total sitting
time (hours/day) and BMI after adjustments for all poten-
tial confounders including total PA [38]. Another study by
Wanner et al. (2016) revealed a positive relationship
between sitting time and percent body fat, but not BMI
[39]. The authors suggested that BMI may not be the best
measure of body weight as it could not differentiate
between fat and muscle mass [38]. It is also noteworthy
that the assessment of sitting the by IPAQ short form is
limited to only one question without further division by
domains [25].

The influence of physical activity on overweight/obesity
is complex and likely bidirectional. Physical activity has
been commonly recommended for weight control. How-
ever, a recent review by Cook and Schoeller (2011) [40]
concluded that supporting evidence for physical activity
for weight control is still inconclusive. It is crucial to
understand that obesity is a complex problem of energy
balance and a result of complex behavioral, psychological,
environmental, and/or genetic factors. Different intensities
of physical activity may have different effects on over-
weight and obesity. A previous study by Tan et al. (2015)
[34] among 2380 Malaysian adults aged 25—64 years sug-
gested that a high level of PA or vigorous-intensity PA is
needed for healthy changes in body weight. In our study,
we observed that overweight/obese men were less likely to
practice vigorous-intensity PA compared to normal-
weight men. Our hypothesis that a lower level of PA is as-
sociated with a higher risk of overweight/obesity is only



Chan et al. BMC Public Health (2017) 17:733 Page 9 of 12

Table 4 Univariate and multivariate logistic regression analyses for overweight/obesity among Malaysian adults aged 18 years and
above, NHMS 2015

Characteristic

Sex

Men

Women

Crude OR (95% Cl)

Adjusted OR® (95% Cl)

Crude OR (95% Cl)

Adjusted OR® (95% Cl)

Physical activity level
Low
Moderate
High
Age group (years)
18-29
30-39
40-49
50-59
260
Ethnicity
Malays
Chinese

Indians

Other Bumiputeras

Others
Residential area
Urban
Rural
Marital status
Single
Married

Widow/widower/divorcee

Educational level

No formal education

Primary
Secondary

Tertiary

1.28 (1.10-1.49)**
1.34 (1.18-1.51)***
1.00

1.00

1 (1.10-1.57)**
1.98 (1.65-2.37)***
1.96 (1.63-2.35)***
1.32 (1.10-1.58)**
1.14 (0.98-1.33)
1.00
1.59 (1.18-2.13)**
0.99 (0.78-1.25)
044 (0.34-0.57)***

141 (1.21-1.63)7
1.00

1.00
1.64 (1.43-1.89)***
1.23 (0.86-1.76)

1.00

1.56 (1.14-2.13)**
2.15 (1.58-2.92)***
249 (1.81-3.44)***

Monthly household income (1 USD = 444 MYR)

1.06 (091-1.24)
1.14 (1.01-1.30)*
1.00

1.00
4(0.93-1.40)
144 (1.14-1.81)**
1.24 (0.98-1.58)
0.74 (0.56-0.98)*

1.23 (1.04-147)*
1.00

1.54 (1.13-2.10**
1.17 (091-1.50)
0.56 (0.41-0.75)***

1.15 (1.00-1.33)
1.00

1.00
1.38 (1.15-1.67)**
1.24 (0.83-1.86)

1.00

1.21 (0.88-1.66)
1.50 (1.11-2.04)**
1.67 (1.20-2.33)**

0.84 (0.72-0.98)*
0.97 (0.85-1.11)
1.00

1.00

0 (1.77-2.49)**
255 (2.15-3.01)***
3.06 (2.61-3.59)***
2.09 (1.75-2.49)***

250 (2.13-2.94)***
1.00

4.00 (3.12-5.13)***
220 (1.75-2.78)***
1.31 (0.98-1.74)

0.84 (0.74-0.96)**
1.00

1.00
1.95 (1.69-2.25)**
1.88 (1.56-2.28)***

1.00

1.29 (1.04-1.60)*
1.09 (0.89-1.34)
0.74 (0.60-0.93)**

0.93 (0.79-1.09)
1.02 (0.87-1.18)
1.00

1.00

0 (1.73-2.55)***
233 (1.91-2.83)***
248 (2.01-3.06)***
1.67 (1.31-2.19)%**

2.87 (240-343)***
1.00

4.18 (3.19-547)***
2.57 (1.97-3.37)%**
1.51 (1.10-2.08)*

1.02 (0.88-1.17)
1.00

1.00
1.02 (0.86-1.22)
0.86 (0.67-1.10)

1.00

1.35 (1.07-1.71)*
1.26 (0.99-1.62)
1.01 (0.76-1.34)

<MYR1000 1.00 1.00 1.00 1.00
MYR1000-MYR1999 1.07 (0.86-1.33) 3 (0.89-1.44) 1.10 (0.90-1.33) 2(092-1.37)
MYR2000-MYR2999 4(0.93-141) 1.07 (0.84-1.35) 1(0.92-1.34) 3(093-137)
MYR3000-MYR3999 1.26 (1.00-1.60)* 5(0.89-1.49) 1.03 (0.85-1.26) 0 (0.89-1.36)
MYR4000-MYR4999 1(1.01-1.71)% 0 (0.83-1.46) 0.94 (0.78-1.18) 1.05 (0.82-1.35)
= MYR5000 142 (1.16-1.74)** 1.22 (0.97-1.53) 0.87 (0.73-1.05) 0 (0.90-1.34)
Sedentary behaviour
Yes (2 8 h sitting time/day) 1.22 (1.02-1.46)* 1.15 (0.96-1.38) 0.86 (0.74-1.01) 0.94 (0.80-1.10)
No (< 8 h sitting time/day) 1.00 1.00 1.00 1.00
Diabetes
Yes 244 (2.00-2.98)*** 1.34 (1.05-1.72)* 231 (1.91-2.79)*** 1.21 (0.98-1.49)

No 1.00 1.00 1.00 1.00
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Table 4 Univariate and multivariate logistic regression analyses for overweight/obesity among Malaysian adults aged 18 years and

above, NHMS 2015 (Continued)

Characteristic Sex

Men

Women

Crude OR (95% Cl)

Adjusted OR? (95% Cl)

Crude OR (95% Cl) Adjusted OR® (95% Cl)

Hypertension
Yes 276 (231-3.29)**
No 1.00 1.00
Hypercholesterolemia
Yes 273 (221-3.38)***
No 1.00 1.00

2.16 (1.75-2.68)***

1.58 (1.25-1.99)***

2.58 (2.20-3.02)*** 2.08 (1.74-2.49)***
1.00 1.00

1.87 (1.58-2.20)*** 1.12 (0.93-1.35)
1.00 1.00

20dds ratios (ORs) adjusted for all other variables shown in the table
Statistically significant. *p< 0.05; **p< 0.01; ***p< 0.001

true in men (not in women). However, to our knowledge,
no previous study has evaluated the association between
PA and overweight/obesity in a representative nationwide
sample of Malaysian adult population of both sexes. Our
findings might contribute to the formulation or modifica-
tion of current policies and suggest that effective PA pro-
grams designed for overweight and obese populations
should emphasize vigorous-intensity PA, rather than light-
or moderate-intensity PA.

Our findings also suggest that several socio-
demographic factors (i.e., age, ethnicity, marital status
and educational level) and cardiometabolic comorbidi-
ties, such as diabetes, hypertension and hypercholester-
olemia, were associated with overweight and obesity.
Similar to findings reported in a previous national study
in Malaysia [41], Indians were associated with the high-
est risk of overweight/obesity among the different eth-
nic groups. Genetic predispositions to overweight or
obesity among Indians and other environmental factors,
including behavioral and cultural influences on food
preparation and consumption, could increase their
susceptibility to obesity [42]. Among men, the upper
middle-age group (40 to 49 years old) was more likely
to be overweight/obese, and the likelihood decreased in
the elderly (=60 years old) compared to their younger
(18 to 29 years old) counterparts. This finding is similar
to findings in most other studies [43—45]. Mean body
weight and BMI tend to decrease as both lean body
mass and fat mass decrease after the age of 60 years
[46]. For women, increasing age is positively associated
with overweight/obesity as reported in previous studies
[47-49]. Women of childbearing age tend to gain the
most weight [50]. In addition, rapid hormone changes
during the menopausal transition may also lead to
weight gain and increased central fat distribution in
middle-aged and older women [51]. Men with higher
educational levels were more likely to be overweight or
obese. This finding was consistent with a Korean study
in which a significant positive association between

education and obesity was observed in men [52]. This
finding may be attributed to the tendency of better-
educated men to obtain better jobs or more sedentary
occupations, leading to physical inactivity during
working days, and live more modern and sedentary life-
styles. Therefore, specific attention and public health
intervention strategies should target subgroups (middle-
aged adults, Indians, individuals who are married and have
a higher educational level) that are at a greater risk of
overweight and obesity. Previous approaches such as
healthy lifestyle programs and the ‘10,000 steps a day’
campaign implemented by the Malaysian government
need to be reinforced to combat overweight and obesity.
The electronic and printed mass media may serve as the
most powerful channel to reach different levels of society
to educate and raise awareness on healthy body weight
management [53]. The Malaysian government has imple-
mented strong initiatives to reduce the obesity rate. How-
ever, long-term, persistent and focused efforts are
required to counteract the rising rates of overweight and
obesity.

This study was not without limitations. First, the
causal relationship between physical activity and BMI
status cannot be established by the cross-sectional study
design. Second, the energy intake of the study popula-
tion was not measured. Therefore, no matching can be
done between energy intake and energy expenditure to
determine the energy balance and body weight of an in-
dividual. Further longitudinal and prospective studies
that measure food intake, physical activity, and weight
changes simultaneously are warranted to examine the
actual relationship between physical activity and over-
weight/obesity. Third, the IPAQ is less accurate com-
pared with objective measurements of physical activity,
such as pedometers and accelerometers. Respondents’
self-report data on physical activity may be subject to a
potential recall bias, resulting in under-reporting of ac-
tual behavior. Responses may also be more susceptible
to a social desirability bias (e.g., over-reporting of
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physical activity), particularly in face-to-face interviews.
Lastly, other variables such as dietary intake, body fat
and smoking were not included in the current study.

This study also has several strengths. First, the NHMS
is a large-scale population-based survey with a large
sample size that enables generalization of the results to
the Malaysian adult population. Second, objectively mea-
sured anthropometric data are more accurate than re-
spondents’ self-report anthropometric data. Third, face-to-
face interviews by trained evaluators and the high re-
sponse rate enhance the validity of the collected data.
Furthermore, the use of the validated short version IPAQ
in our study enables comparisons with other study popu-
lations locally and internationally.

Conclusions

Our findings provide additional information on the associ-
ation between PA and BMI and suggest that a lower level
of PA is associated with a higher risk of overweight/
obesity. Although the association was only observed in
men, actions taken to reduce overweight and obesity
should involve both men and women. Future studies on
the association between PA and BMI should consider
using longitudinal and prospective approaches that
simultaneously measure dietary intake, PA and BMI
among the Malaysian adult population to provide more
concrete evidence for policy-makers pertaining to the
relationship between PA and BMI. Interventions and
strategies aimed at preventing and controlling overweight/
obesity should encourage the practice of moderate- to
vigorous-intensity PA and promote healthy eating. Such in-
terventions should be feasible and should specifically target
overweight and obese populations who are at a high risk of
chronic diseases. Long-term efforts and commitments
from all stakeholders are required to combat the obesity
epidemic and its associated cardiometabolic comorbidities.

Additional files

Additional file 1: Table S1. The prevalence of low, moderate and high
PA levels by BMI status among men and women from the 2015 NHMS.
These data show the prevalence of low, moderate and high PA levels
between normal-weight and overweight/obese individuals. The data
were analyzed for men and women separately. (DOC 35 kb)

Additional file 2: Table S2. Mean values of physical activity (MET-hours/
week) for men and women according to BMI status from the 2015 NHMS.
These data show the mean MET-hours/week of physical activity between
normal-weight and overweight/obese individuals. The data were analyzed
for men and women separately. (DOC 60 kb)

Abbreviations

BMI: Body mass index; Cl: Confidence interval; IPAQ: International physical activity
questionnaire; MET: Metabolic equivalent; NHMS: National health and morbidity
survey; OR: Odds ratio; PA: Physical activity; WHO: World Health Organization

Page 11 of 12

Acknowledgments

The authors would like to thank the Director General of Health Malaysia for
his permission to publish this paper. We would also like to thank all research
team members and data collectors for their contributions and commitment
in this study. We appreciate the funding and support from the Ministry of
Health Malaysia. We are also grateful for the kind cooperation of all participants.

Availability of the data and materials

For data protection purposes, the data used for this study are not publicly
available but are available from the Institute for Public Health, Ministry of
Health Malaysia upon reasonable request and with permission from the
Director General of Health Malaysia.

Funding

The Ministry of Health Malaysia funded the study (NMRR-14-1064-21,877) and
the Director General of Health, Ministry of Health Malaysia granted the
permission to publish this paper.

Authors’ contributions

CYY supervised the data collection in the field, analyzed and interpreted
data, and drafted the initial manuscript. LKK, LKH and TCH helped with the
literature review, interpretation of the findings, and manuscript writing. KCC
and CSM contributed to the data analysis and interpretation and critically
reviewed the manuscript. YYK, AB and LMY helped with the data collection
in the field and with the preparation of the manuscript. MAO and NAA
participated in the study design and coordination, and helped to revise the
manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate

All participants provided written informed consent prior to interviews. The
survey protocol was approved by the Medical Research and Ethics Committee
(MREC), Ministry of Health Malaysia (NMRR-14-1064-21,877).

Consent for publication
The authors obtained permission to publish this paper from the Director
General of Health Malaysia.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Institute for Public Health, Ministry of Health Malaysia, Jalan Bangsar, 50590
Kuala Lumpur, Malaysia. ?Institute for Medical Research, Ministry of Health
Malaysia, Jalan Pahang, Kuala Lumpur 50588, Malaysia.

Received: 2 April 2017 Accepted: 18 September 2017
Published online: 21 September 2017

References

1. World Health Organization. Obesity: Preventing and managing the global
epidemic. Report of a WHO consultation on obesity, Geneva, 3-5 June,
1997. WHO Technical Report Series Number 894. Geneva: WHO; 2000.

2. Brown WV, Fujioka K, Wilson PW, Woodworth KA. Obesity: why be
concerned? Am J Med. 2009;122:54-S11.

3. Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The
incidence of co-morbidities related to obesity and overweight: a systematic
review and meta-analysis. BMC Public Health. 2009,9:88.

4. Ng M, Fleming T, Robinson M, Thomson B, Greetz N, Margono C, et al.
Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet. 2014;384(9945):766-81.

5. World Health Organization. Fact sheet: obesity and overweight. http://www.
who.int/mediacentre/factsheets/fs311/en/. Accessed 10 May 2016.

6. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distictions for health-related research. Public
Health Rep. 1985;100(2):126-31.


dx.doi.org/10.1186/s12889-017-4772-z
dx.doi.org/10.1186/s12889-017-4772-z
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/

Chan et al. BMC Public Health (2017) 17:733

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

World Health Organization. Global strategy on diet, physical activity and health.
http://www.who.int/dietphysicalactivity/pa/en/. Accessed 10 May 2016.

Jakicic JM. The effect of physical activity on body weight. Obesity. 2009;
17(Suppl 3):534-8.

Maher CA, Mire E, Harrington DM, Staiano AE, Katzmarzyk PT. The independent
and combined associations of physical activity and sedentary behavior with
obesity in adults: NHANES 2003-06. Obesity. 2013;21(12):E730-7.

Sarma S, Zaric GS, Campbell MK, Gilliland J. The effect of physical activity on
adult obesity: Evidence from the Canadian NPHS panel. Econ Hum Biol.
2014;14:1-21.

Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity:
the evidence. Can Med Assoc J. 2006;164(6):801-9.

World Health Organization. Global Recommendations on Physical Activity
for Health. Geneva: World Health Organization; 2010.

Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical
activity and public health. Updated recommendation for adults from the
American College of Sports Medicine and the American Heart Association.
Circulation. 2007;116:1081-93.

US Department of Health and Human Services, US Department of
Agriculture. Dietary Guidelines for Americans, 2005. 6th ed. Washington: US
Government Printing Office; 2005.

Institute for Public Health (IPH). The Third National Health and Morbidity
Survey (NHMS 1) 2006, Nutritional Status. Kuala Lumpur: Ministry of Health
Malaysia; 2006. ISBN 978-983-3887-10-1

Institute for Public Health (IPH). National Health and Morbidity Survey 2011
(NHMS 2011). Vol. Il: Non-Communicable Diseases. Kuala Lumpur: Ministry of
Health Malaysia; 2011. ISBN 978-967-3887-68-2

Institute for Public Health (IPH). National Health and Morbidity Survey 2015
(NHMS 2015). Vol. Il: Non-Communicable Diseases, Risk Factors & Other
Health Problems. Kuala Lumpur: Ministry of Health Malaysia; 2015. ISBN 978-
983-2387-23-7

Chan RS, Woo J. Prevention of overweight and obesity: how effective is the
current public health approach. Int J Environ Res Public Health.
2010;7(3):765-83.

Institute for Public Health (IPH). The Third National Health and Morbidity
Survey (NHMS 1) 2006, Physical Activity. Kuala Lumpur: Ministry of Health
Malaysia; 2006. ISBN 978-983-3887-08-8

Bauman A, Bull F, Chey T, Craig CL, Ainsworth BE, Sallis JF, et al. The
international prevalence study on physical activity: results from 20 countries.
Int J Behav Nutr Phys Act. 2009;6:21.

Institute for Public Health (IPH). National Health and Morbidity Survey 2014:
Malaysian Adults Nutrition Survey (MANS). Vol. II: Survey Findings. Kuala
Lumpur: Ministry of Health Malaysia; 2014. ISBN 978-983-2387-16-9

Institute for Public Health (IPH). National Health and Morbidity Survey 2015
(NHMS 2015). Vol. I: Methodology and General Findings. Kuala Lumpur:
Ministry of Health Malaysia; 2015. ISBN 978-983-2387-22-0

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et
al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381-95.

Teh CH, Lim KK, Chan YY, Lim KH, Azahadi O, Hamizatul Akmar AH, et al.
The prevalence of physical activity and its associated factors among
Malaysian adults: findings from the National Health and Morbidity Survey
2011. Public Health. 2014;128:416-23.

Guidelines for data processing and analysis of the International Physical
Activity Questionnaire (IPAQ). 2005 [http://www.ipag.kise]. Accessed 11 May
2016.

van der Ploeg HP, Chey T, Kord RJ, Banks E, Bauman A. Sitting time and all-
cause mortality risk in 222 497 Australian adults. Arch Intern Med. 2012;172:
494-500. doi:10.1001/archinternmed.2011.2174.

Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of
variables in logistic regression. Source Code Biol Med. 2008;3:17.

Centers for Disease Control and Prevention (CDC). Physical Activity for a
Healthy Weight. https://www.cdc.gov/healthyweight/physical_activity/.
Accessed 28 June 2017.

Azevedo MR, Aratjo CL, Reichert FF, Siqueira FV, da Silva MC, Hallal PC.
Gender differences in leisure-time physical activity. Int J Public Health. 2007;
52(1):8-15.

Chan YY, Lim KK, Teh CH, Lim KH, Hamizatul Akmal AH, Mohd Azahadi O, et al.
Prevalence and factors associated with physical inactivity among Malaysian
adults. Southeast Asian J Trop Med Public Health. 2014;45(2):467-80.

31

32.

33

34.

35.

36.

37.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

Page 12 of 12

Davis JN, Hodges VA, Gillham MB. Physical activity compliance: Differences
between overweight/obese and normal-weight adults. Obesity. 2006;14(12):
2259-65.

Liao Y, Harada K, Shibata A, Ishii K, Oka K, Nakamura Y, et al. Association of
self-reported physical activity patterns and socio-demographic factors among
normal-weight and overweight Japanese men. BMC Public Health. 2012;12:278.
Gomez LM, Herndndez-Prado B, Morales Mdel C, Shamah-Levy T. Physical
activity and overweight/obesity in adult Mexican population. The Mexican
National Health and Nutrition Survey 2006. Salud Publica Mex. 2009;
51(Suppl 4):5621-9.

Tan AKG, Wang Y, Yen ST, Mustapha IF. Physical activity and body weight
among adults in Malaysia. Appl Econ Perspect Pol. 2015;38(2):318-33.
doi:10.1093/aepp/ppv020.

Hill JO, Wyatt HR, Peters JC. Energy balance and obesity. Circulation. 2012;
126:126-32.

Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too little exercise and
too much sitting: inactivity physiology and the need for new recommendations
on sedentary behaviour. Curr Cardiovasc Risk Rep. 2008,2(4)292-8.

Craft LL, Zderic TW, Gapstur SM, Vanlterson EH, Thomas DM, Siddique J, et
al. Evidence that women meeting physical activity guidelines do not sit less:
An observational inclinometry study. Int J Behav Nutr Phys Act. 2012,9:122.
doi:10.1186/1479-5868-9-122.

Santos R, Soares-Miranda L, Vale S, Moreira C, Marques Al, Mota J. Sitting
time and body mass index, in a Portuguese sample of men: Results from
the Azorean Physical Activity and Health Study (APAHS). Int J Environ Res
Public Health. 2010;7(4):1500-7.

Wanner M, Martin BW, Autenrieth CS, Schaffner E, Meier F, Brombach C, et
al. Associations between domains of physical activity, sitting time, and
different measures of overnight and obesity. Prev Med Rep. 2016;3:177-84.
Cook CM, Schoeller DA. Physical activity and weight control: conflicting
findings. Curr Opin Clin Nutr Metab care. 2011;14:419-24.

Ahmad Ali Z, Mala AM, Azli B, Rusidah S, Kee CC, Noor Ani A, et al.
Prevalence and socio-demographic determinant of overweight and obesity
among Malaysian adult. International Journal of Public Health Researh.
2016;6(1):661-9.

Ghosh A, Bhagat M, Das M, Bala SK, Goswami R, Pal S. Prevalence of
cardiovascular disease risk factors in people of Asian indian origin: Age and
sex variation. J Cardiovasc Dis Res. 2010;1(2):81-5.

Reynolds K, Gu D, Whelton PK, Wu X, Duan X, Mo J, et al. Prevalence and
risk factors of overweight and obesity in China. Obesity (Silver Spring). 2007;
15(1):10-8.

Wang Y, Beydoun MA. The obesity epidemic in the United States-gender, age,
socioeconomic, racial/ethnic, and geographic characteristics: a systematic
review and meta-regression analysis. Epidemiol Rev. 2007,29:6-28.

Tan AK, Yen ST, Feisul MI. Determination of body weight status in Malaysia:
an ethnic comparison. Int Jnn. 2011,57:279-88.

Villareal DT, Apovian CM, Kushner RF, Klein S. Obesity in older adults:
technical review and position statement of the American Society for
Nutrition and NAASO. The Obesity Society Obes Res. 2005;13(11):1849-63.
Sidik SM, Rampal L. The prevalence and factors associated with obesity
among adult women in Selangor. Malaysia Asia Pac Fam Med. 2009;8(1):2.
doi:10.1186/1447-056X-8-2.

Cai L, Han X, Qi Z, Li Z, Zhang Y, Wang P, et al. Prevalence of overweight
and obesity and weight loss practice among Beijing adults, 2011. PLoS One.
2014;9(9):298744. doi:10.1371/journal.pone.0098744.

Abrha S, Shiferaw S, Ahmed KY. Overweight and obesity and its
sociodemographic correlates among urban Ethiopian women: evidence
from the 2011 EDHS. BMC Public Health. 2016;16:636.

Gunderson EP. Childbearing and obesity in women: Weight before, during,
and after pregnancy. Obstet Cynecol Clin North Am. 2009;36(2):317-ix.
doi:10.1016/}.09¢.2009.04.001.

Karvonen-Gutierrez C, Kim C. Association of mid-life changes in body size,
body composition and obesity status with the menopausal transtion.
Healthcare (Basel). 2016;4(3):42. doi:10.3390/healthcare4030042.

Park HS, Park CY, Oh SW, Yoo HJ. Prevalence of obesity and metabolic
syndrome in Korean adults. Obes Rev. 2008,9(2):104-7.

Ghee LK. A review of adult obesity research in Malaysia. Med J Malaysia.
2016;71:1.


http://www.who.int/dietphysicalactivity/pa/en/
http://www.ipaq.ki.se
http://dx.doi.org/10.1001/archinternmed.2011.2174
https://www.cdc.gov/healthyweight/physical_activity/
http://dx.doi.org/10.1093/aepp/ppv020
http://dx.doi.org/10.1186/1479-5868-9-122
http://dx.doi.org/10.1186/1447-056X-8-2
http://dx.doi.org/10.1371/journal.pone.0098744
http://dx.doi.org/10.1016/j.ogc.2009.04.001
http://dx.doi.org/10.3390/healthcare4030042

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and sampling
	Data collection
	Physical activity assessment
	Sedentary behavior
	Anthropometric measurements
	Control variables
	Statistical analyses

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Availability of the data and materials
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

