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Abstract

Background: For the past decades, Malaysia has seen an increased prevalence of overweight and obesity which
leads to significant health threats. Physical activity is beneficial in maintaining healthy body weight. The objective of
this study was to measure physical activity of adults in Malaysia using objective measurement (accelerometer) and
self-reported methods, as well as to determine their associations with (body mass index (BMI) and waist circumference
(WC) measurements.

Methods: Four-hundred and ninety Malaysian adults (n = 490) aged 20 to 65 years old participated in this cross-
sectional study. Their body weight, height, and WC measurements were measured according to standard procedures.
Physical activity was assessed objectively with accelerometers for five to seven consecutive days. The International
Physical Activity Questionnaire (IPAQ) was used to estimate the amount of time spent on various domains of physical
activity. Mixed models were used to determine the associations between physical activity variables and both
BMI and WC.

Results: The mean value of objectively measured moderate-to-vigorous physical activity (MVPA) was 13.5 min
per day, in which male participants recorded a significantly higher amount of time compared to females. On
the other hand, the mean self-reported total physical activity was 380min per week; male participants reported a
significantly higher amount of time on physical activity in the occupation/work and leisure/recreation domains while
female participants spent significantly more time in the domestic/household chores domain. We also observed that the
mean values of objectively measured total MVPA, self-reported time spent on walking for leisure/recreation, and total
time amount of time spent on MVPA for leisure/recreation were significantly higher among participants with BMI of less
than 25 kg/m2. The final statistical model yielded a significant negative association between objectively measured total
MVPA and BMI, but not with WC measurement. No significant association was reported between self-reported total
physical activity with BMI and WC measurement.

Conclusions: Objectively measured MVPA was inversely associated with BMI, but not WC measurement. No significant
association was observed between self-reported total physical activity and physical activity time measures across domains
with both BMI and WC measurement.

Keywords: Obesity, Physical activity, Body mass index, Accelerometer, Moderate-to-vigorous physical activity, Physical
activity domains
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Background
Obesity has tripled worldwide since 1975, reaching epi-
demic proportions in both developing and developed
countries; as of 2018, 13% of adults are obese and 39%
overweight [1]. The Global Burden of Disease Study [2]
reported a prevalence of overweight and obesity in
Southeast Asia of 22.1% among men and 28.3% among
women. The rates were highest in Malaysia at 48.3 and
48.6% for men and women, respectively [2]. The 2015
Malaysian National Health and Morbidity Survey
(NHMS) reported similar numbers, estimating the na-
tional prevalence of overweight and obesity in adults at
30.0 and 17.7%, respectively, for a total of 47.7% [3].
Two significant contributors to the development of

obesity and many non-communicable diseases include
poor dietary quality and insufficient physical activity [4, 5].
Physical inactivity is one of the modifiable behavioural risk
factors which increases the risk of obesity and
non-communicable diseases [6] and makes up 1–3% of
national health care costs, excluding costs associated
with mental health and musculoskeletal conditions [7].
On the contrary, regular physical activity of moderate-
and vigorous-intensity prevents excessive weight gain
by increasing lean body mass and resting metabolic rate
[8]. It also contributes to a reduced risk of mortality,
non-communicable diseases, dementia, depression, and
promotes a better quality of life [8, 9]. Recent findings
from Malaysia’s NHMS in 2015 showed that the na-
tional prevalence of adults who were physically active
was 66.5%, and among them, 41.1% were “minimally ac-
tive,” and only 25.4% were “highly active” [3].
Defined as a series of behaviours involving bodily

movements produced by skeletal muscles that requires
energy expenditure [10], physical activity includes a wide
range of activities, such as walking, exercising, swim-
ming, dancing, working, playing, carrying out domestic
and household chores, travelling from place to place
(transportation), and engaging in recreational activities
[11]. The World Health Organization (WHO) recom-
mends at least 150 min of moderate-intensity physical
activity or 75min of vigorous-intensity physical activity
throughout the week, or more for its health benefits [7]. An
updated version of the “2018 Physical Activity Guidelines
for Americans” by the 2018 Physical Activity Guidelines
Advisory Committee recommends that adults should per-
form at least 150min to 300min a week of moderate-inten-
sity, 75 to 150min a week of vigorous-intensity aerobic
physical activity, or an equivalent combination of both
moderate- and vigorous-intensity aerobic activity, and
muscle-strengthening activities on 2 or more days a
week [9].
The development of methods to measure physical ac-

tivity is an important area of methodological develop-
ment in the attempt to study and understand the

correlates of physical activity behaviour [11]. Physical ac-
tivity is commonly assessed using questionnaires, direct
observation, physical activity diary, direct measurement
of physical activity, or a combination of several methods
[12]. Research in physical activity relies heavily on the
questionnaire methods, where they predominantly de-
scribe structured movement performed during exercise,
sport, and work [13, 14]. However, recent advancement
in objective measurements has enabled researchers to
measure the entire range of activities, including seden-
tary, light, moderate, and vigorous in free-living subjects
for several days, and obtain the cumulative time spent
each day on activities of all intensities [15]. Physical ac-
tivity is usually described using four parameters, namely
(i) type (referring to the main physiological systems that
are activated during the activity, such as aerobic or an-
aerobic); (ii) frequency (the number of times performed
over a period); (iii) duration (representing the length of
the activity and usually quantified in minutes); and (iv)
intensity (relating to the degree to overloading the activ-
ity imposes on physiological systems compared to rest-
ing states and often described as mild, moderate, or
vigorous) [16]. Physical activity can be categorized into
several domains, namely occupational (work or job re-
lated), transportation (walking and cycling); domestic
(household chores, yard-work, child-care); and leisure-
time (recreational time for physical activity, exercise,
sports, and hobbies) physical activity [17]. Accurate as-
sessment of physical activity is extremely critical in the
discussions of its benefit to health [11].
In Malaysia, previous studies had shown cross-sectional

and longitudinal associations between objectively measured
and self-reported physical activity with different measures
of overweight and obesity [16–22]. Existing physical activity
studies that are specific to the Malaysian population often
depended on self-reported measures [21, 23], while acceler-
ometer studies are still limited and had small sample sizes
[24–26]. Physical activity assessment among free-living Ma-
laysian adults with both objective and self-reported
measures according to domains and their associations
with overweight/obesity has yet to be explored exten-
sively [22, 27].
The purpose of this study was to measure physical ac-

tivity using self-reported and objective measures (accel-
erometer) in a sample of Malaysian adults and to also
determine the association of these physical activity vari-
ables with body mass index (BMI) and waist circumfer-
ence (WC) measurements. Physical activity was analysed
stratified by sex and BMI (< 25 kg/m2 and ≥ 25 kg/m2).

Methods
Study design
This cross-sectional study was conducted in two major
cities in Malaysia, namely Kota Bharu and Penang, and

Lee et al. BMC Public Health          (2019) 19:621 Page 2 of 12



was a part of a more extensive study on neighbourhood
environment, physical activity, and nutritional status
among Malaysian adults. Four hundred and ninety (n =
490) Malaysian adults aged between 20 to 65 years old
sampled via a multistage sampling method participated
in this study. They were sampled from neighbourhoods
(administrative units) that were initially stratified accord-
ing to the walkability indices of their neighbourhoods
[28]. Adults who were considered eligible to participate
were those who agreed to wear the accelerometer, sign
the informed consent form, and can walk. Individuals
living in group living establishments (e.g., hostels, nurs-
ing homes) were excluded from this study. The study
was approved by the Universiti Sains Malaysia Research
Ethics Committee (Human) (FWA Reg. No: 00007718;
IRB Reg. No: 00004494) (Reference Number: (USMKK/
PPP/JePeM [246.3(6)(1)])). The response rate was 65.3%.

Instruments
Sociodemographic information
The participants responded to questions on their socio-
demographic background, including age, sex, ethnicity,
level of education, household size, marital status, em-
ployment status, and total household monthly income.

Anthropometric measurements
The standing height was measured using a SECA body-
meter (Model seca 203, seca gmbh & co. kg., Hamburg,
Germany) according to standard procedures to the near-
est 0.1 cm. Body weight was measured using a SECA
digital weighing scale (Model seca clara 803, seca gmbh
& co. kg., Hamburg, Germany) with an accuracy of 0.1
kg while adhering to the standard procedures. The
WHO BMI classification for adults [1] was used to de-
termine the BMI status of the participants. BMI cut-offs
of < 25.0 kg/m2 and ≥ 25.0 kg/m2 were used to stratify
body weight status for further statistical analysis. WC
was measured using a measuring tape at the point of the
minimal waist according to standard procedures [29].

Objectively measured physical activity
Actigraph GT3X+ physical activity monitors or acceler-
ometers (Actigraph, Florida, USA) were used to obtain
objective measurements of physical activity. Actigraph
devices are widely used and have been extensively vali-
dated [30, 31]. For this study, each participant was asked
to wear an accelerometer on their waists during waking
hours for at least twelve hours per day for seven con-
secutive days, during which movements were recorded
in 60-s time interval, termed “epoch.” The accelerometer
data were screened and scored using the ActiLife Ver-
sion 6.13.2 software (Actigraph, Florida, USA) and
MeterPlus 4.3 software (Santech Inc., California, USA).
A valid accelerometer hour has no more than 60

consecutive ‘zero’ value or activity counts, while a valid
accelerometer wearing day must consist of at least 10 h
of wearing per day. Participants who had at least 5 or
more valid days (inclusive of one weekend day) recorded
were accepted as successful accelerometer wearing. Par-
ticipants were asked to re-wear the accelerometer if they
did not achieve the minimum valid wearing days
required.
For this study, we used Freedson’s cut-off point of 1952

counts per minute (cpm) for moderate intensity physical
activity to derive the outcome variable of mean minutes of
moderate-to-vigorous physical activity (MVPA) per valid
day [32]. These activity count cut-off points were then ap-
plied to the accelerometer data and total minutes at or
above the MVPA threshold were obtained from each par-
ticipant (inclusive of moderate, vigorous and very vigorous
physical activity). Total minutes of MVPA achieved in a
successful wearing were then divided by the number of
valid accelerometer-wearing days to obtain the average
total MVPA minutes per day. These methods were con-
sistent with the recommendations and standard practices
made in previous studies [33, 34].

Self-reported physical activity: international physical activity
questionnaire (IPAQ) – long form
The IPAQ – Long-Form is an extensively validated and
commonly used measurement tool to estimate physical
activity and sedentary behaviour of adults aged 15 to 69
years [35, 36]. It consists of a set of 27 questions which
reflect on the previous seven days’ activities according to
life domains: a) occupational/job-related physical activ-
ity; b) transportation physical activity; c) housework,
house maintenance, and caring for the family; d) recre-
ation, sport, and leisure-time physical activity; and e)
time spent sitting [35]. The questionnaire was
self-administered before wearing an accelerometer to
avoid changes in self-reported physical activity pattern
that may arise from wearing a physical activity monitor.
The participants were carefully assisted by the research
staff during the completion of IPAQ to avoid confusion.
A reference period of the “last seven days” was used to

assess the frequency and duration of moderate and vig-
orous intensity activities. According to the IPAQ defin-
ition and protocols, the physical activity reported should
only involve activities that last at least 10 min at a time.
[35, 36]. For analysis purposes, the frequency (number
of days in the last seven days) and duration (minutes per
day) of physical activity in different domains were calcu-
lated to obtain the total minutes of activity in one week.
The reported minutes per week (min/week) of
transport-related walking and cycling were calculated by
multiplying frequency per week with duration per day.
The leisure-time physical activity consisted of weekly mi-
nutes of walking for leisure and moderate and vigorous
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leisure-time physical activity. Walking for leisure or recre-
ation also served as a separate variable to evaluate the
time spent on walking as a leisure-time physical activity.

Statistical analysis
Both descriptive and inferential statistical analyses were
performed using the IBM SPSS Statistics for Windows,
Version 25.0 (Armonk, NY, USA). Descriptive statistics
are presented as the mean, standard deviation, and 95%
confidence interval unless stated otherwise. The level of
significance was set at p < 0.05.
The MIXED model was used to determine associations

between physical activity variables and the obesity indi-
cators. In a MIXED model, responses from a participant
are thought to be the sum (linear) of the fixed or ran-
dom effects. For example, a fixed effect affects the popu-
lation mean (such as a medical treatment), while a
random effect is an effect associated with a sampling
procedure (subject effect). The random effect in this
study is the subject effect, as the participants were sam-
pled for multiple neighbourhoods in two different cities
in the country. MIXED models also allow the modelling
of data with skewed distributions, which are typical of
physical activity data, while accounting for clustering ef-
fects arising from a multistage sampling strategy [37].
The covariates included in the MIXED models’ analysis
were age, sex, marital status, education level, employ-
ment status, city or study site, socioeconomic status
(SES), and the average of accelerometer wearing hours
per day. These are common sociodemographic factors
that might affect the outcome of the study [38, 39].

Results
Table 1 showed the background information and charac-
teristics of the participants. Among them, 64.7% (n =
317) were women; 61.8% (n = 303) were married or liv-
ing with a partner; 50.8% (n = 249) were employed or
had unpaid work outside the home; and 33.9% (n = 166)
had tertiary education (diploma and above). In terms of
ethnicity, there were 71.4% (n = 350) Malays and 25.7%
(n = 126) Chinese, while the remaining participants were
Indians and Sikhs. The participants represented various
ethnicities of Malaysians. The mean age of the partici-
pants was 40.0 (14.3) years. Less than 50% of partici-
pants had a total household income of Malaysian Ringgit
3000.00 or higher. Using the WHO BMI classification,
52.8% of the participants were either overweight or
obese with BMI above 25 kg/m2.
Based on accelerometer-measured MVPA, only 11.2% of

the participants achieved 30min of MVPA per day, as per
recommendations of 30min of moderate physical activity
on most days of the week by the WHO [7]. When catego-
rized according to the 20min of MVPA per day cut-off
point, the proportion of participants achieving the cut-off

point was only 22.7%. On the other hand, based on the re-
cent weekly physical activity recommendations [9], results
from the IPAQ showed that 64.1% of the participants
achieved more than 150min of self-reported physical ac-
tivity per week. If categorized according to the 300min
per week cut-off, only 43.4% of the participants reached
this cut-off point.
The objectively measured and self-reported physical

activity variables were displayed in Table 2. The mean
minutes of total MVPA per day recorded by accelerome-
ters were 13.5 (14.0) min/day. For self-reported physical
activity measures, the mean minutes of total physical ac-
tivity were 380 min/week. Meanwhile, the mean time
spent on active transport (walking and biking) was 201.9
(368.4) min/week while walking for leisure and recre-
ation was 91.7 (208.0) min/week. The large standard de-
viation values in the self-reported physical activity
variables were caused by the ‘zero’ reported minutes (no
physical activity) and occasionally over-reported minutes
of physical activity in the IPAQ. Thus, median values
were also reported in Table 2.
The results of t-test for BMI, WC measurements,

accelerometer-measured physical activity data, and
self-reported IPAQ – Long Form physical activity data
were grouped according to sex (Table 2). Female partici-
pants recorded significantly higher BMI, whereas male
participants had significantly larger waist circumference
measurements. We observed that male participants were
significantly more active physically, recording a mean
total MVPA of 17.4 min/day compared to female partici-
pants who recorded a mean total MVPA of 11.3 min/
day. For self-reported physical activity, no significant dif-
ference in total physical activity was observed among
male and female participants. Male participants reported
significantly longer duration (minutes) of total physical
activity at work (inclusive of walking at work) and longer
duration of walking and MVPA for leisure/recreation.
No significant difference was found in the total active
transport time. Meanwhile, female participants reported
a significantly longer duration of physical activity in the
housework, house maintenance, and caring for the fam-
ily domain.
Subsequently, the participants were categorized into

two groups, one with BMI less than 25 kg/m2 and an-
other with BMI equals to or more than 25 kg/m2, as dis-
played in Table 3. The mean values of objectively
measured total MVPA, time spent walking for leisure,
and time spent on MVPA for leisure/recreation were sig-
nificantly lower among participants with BMI ≥ 25 kg/
m2. The mean value of time spent on doing housework/
domestic chores domain was found to be significantly
higher among participants with BMI ≥ 25 kg/m2.
Mixed models were used to determine the association

between the objectively measured and self-reported
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Table 1 General characteristics, obesity, and physical activity status of participants

Characteristics n % Mean (SD)

Age (years) 40.0 (14.3)

Household size 4.9 (2.3)

BMI (kg/m2) 25.9 (6.0)

WC measurements (cm) 82.6 (14.2)

Sex

Female 317 64.7

Male 173 35.3

City

Penang 196 40.0

Kota Bharu 294 60.0

Marital status

Married 303 61.8

Not married 187 38.2

Employment status

Does not have a job or an unpaid job outside the home 241 49.2

Has a job or unpaid job outside the home 249 50.8

Education level

Did not complete upper secondary school education (or equivalent) 123 25.1

Completed upper secondary school education (or equivalent) 201 41.0

Tertiary education or equivalent
(Diploma and above)

166 33.9

Total household monthly income (Self-reported)

Below MYR 3000.001 345 70.3

Above MYR 3000.00 145 29.6

Obesity status (BMI in kg/m2)

BMI < 25.0 231 47.2

BMI 25.0–29.9 151 30.8

BMI≥ 30.0 108 22.0

Achieved 30 min MVPA per dayc (accelerometera)

Yes 55 11.2

No 432 88.2

Missing accelerometer data 3 0.6

Achieved 20 min MVPA per day (accelerometera)

Yes 111 22.7

No 376 76.7

Missing accelerometer data 3 0.6

Self-reported total physical activity (IPAQ – Long Formb)

< 150min per week 176 35.9

> 150min per week 314 64.1

< 300min per week 278 56.7

> 300min per week 212 43.3

n number, SD standard deviation, BMI body mass index, WC waist circumference, MVPA moderate-to-vigorous physical activity, IPAQ International Physical
Activity Questionnaire
11.00 Malaysian Ringgit (MYR) is equivalent to 0.25 United States Dollar (USD); ameasured in minutes/day; b measured in minutes/week; cWHO recommendation
for MVPA
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physical activity variables with BMI (Table 4) and WC
measurements (Table 5). Objectively measured MVPA
was negatively associated with BMI (p < 0.05). We did
not find any significant association between physical ac-
tivity variables with WC measurement.

Discussion
Adults on average spend a large proportion of their time
in sedentary behaviours and light-intensity activities dur-
ing their waking hours – a typical 24-h cycle usually
comprised of 7.5 h of sleeping, 9.4 h of sedentary

Table 2 Differences in obesity and physical activity indicators grouped by sex

Outcome Total Sex Mean
Difference

95% CI for Mean
DifferenceMale Female

Mean (SD) Median IQR Mean (SD) Mean (SD)

BMI (kg/m2)* 25.9 (6.0) 25.3 7.6 25.0 (5.5) 26.4 (6.1) −1.38 −2.48, −.28

Waist circumference measurement (cm)* 82.6 (14.2) 82.5 19.9 85.5 (15.3) (81.1) 13.4 4.38 1.74, 7.03

Objective measurement of physical activity (accelerometer)a

Total MVPA per day* 13.5 (14.0) 8.0 14.5 17.4 (14.5) (11.3) 13.3 6.13 3.56, 8.71

Self-reported physical activityb

Total self-reported physical activity 379.9 (466.0) 243.5 383.2 425.4 (540.8) 355.1 (418.5) 70.33 −16.09, 156.75

Total physical activity at work [including walking]* 103.0 (174.2) 0.0 139.3 129.1 (203.9) 88.7 (154.1) 40.39 8.20, 72.58

MVPA at work [excluding walking] 65.5 (124.5) 0.0 72.1 85.4 (149.5) 51.6 (106.9) 33.85 10.89, 56.80

Biking as transport 12.9 (83.3) 0.0 0.0 17.0 (90.9) 10.5 (78.8) 6.44 −9.05, 21.9

Walking as transport 189.8 (353.1) 70.0 210.0 222.0 (397.3) 171.6 (325.2) 50.41 −15.07, 115.90

Total active transport [walking and biking] 201.9 (368.4) 70.0 210.0 239.0 (404.4) 181.6 (368.3) 57.47 −10.83, 125.76

Total physical activity during housework, house
maintenance and caring for family*

66.8 (88.1) 34.3 84.1 45.2 (66.1) 78.5 (96.2) −33.28 −49.40, −17.16

Walking for leisure and recreation* 91.7 (208.0) 0.0 90.0 130.4 (299.1) 70.5 (130.0) 59.98 21.64, 98.30

MVPA for leisure and recreation* 8.1 (23.8) 0.0 0.0 11.9 (26.4) 6.2 (22.1) 5.75 1.35, 10.167

n number, SD standard deviation, IQR interquartile range, MVPA moderate-to-vigorous physical activity
a measured in minutes/day; b measured in minutes/week; *p < .05

Table 3 Differences in waist circumference and physical activity indicators grouped by body weight status (BMI < 25 kg/m2 vs.
BMI ≥ 25 kg/m2)

Outcome Group Mean
Difference

95% CI for
Mean
Difference

BMI < 25 kg/m2 BMI≥ 25 kg/m2

M SD n M SD n

Waist circumference measurement (cm)** 72.9 10.2 231 91.1 11.6 259 −18.23 −20.20, −16.23

Objective measurement of physical activity (accelerometer)a

Total MVPA per day** 17.5 16.9 229 9.8 9.6 258 7.68 5.26, 10.11

Self-reported physical activityb

Total self-reported physical activity 378.1 524.7 231 381.5 407.8 259 −3.33 −82.29, 79.62

Total physical activity at work [including walking] 93.8 181.5 231 111.3 167.4 259 −17.46 15.76, −48.43

MVPA at work [excluding walking] 54.9 122.3 231 71.2 126.2 259 −16.27 −38.40, 5.84

Biking as transport 12.6 82.2 230 13.1 85.1 258 4.55 −10.31, 19.40

Walking as transport 155.4 290.8 230 240.3 424.9 259 31.15 −31.67, 93.97

Total active transport [walking and biking] 220.3 406.6 231 185.5 330.5 259 34.78 −30.71, 100.27

Total physical activity during housework, house
maintenance and caring for family**

52.9 82.7 231 79.4 91.0 259 −26.54 −42.06, −11.03

Walking for leisure and recreation 99.1 240.3 230 85.0 174.6 259 14.03 −23.02, 51.08

MVPA for leisure and recreation* 11.2 29.3 231 5.3 17.2 259 5.90 1.68, 10.11

n number, SD standard deviation, IQR interquartile range, MVPA moderate-to-vigorous physical activity
ameasured in minutes/day; bmeasured in minutes/week; *p < .05, **p < .01
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behaviours, 6.5 h of light-intensity activities, and close to
43min of moderate or vigorous physical activity [40]. In
the present study, the objectively measured mean total
MVPA among the participants was 13.5 min/day, while
self-reported mean physical activity was 380 min/week.
Based on the analysis, we observed that only a small
proportion of participants in this study achieved the
physical activity recommendations established by the
WHO as the majority were not adequately active to ex-
perience the health benefits of physical activity. The
mean total MVPA time of the participants (13.5 mins/
day) was very low compared to a handful of other cities
in a multi-country study which adopted similar measure-
ment methods using accelerometers, with the lowest

mean MVPA time reported in the city of Baltimore in
Maryland, USA (29.2 mins per day) and the highest in
Wellington, New Zealand (50.1 mins per day) [34].
Analysis of the self-reported physical activity data indi-

cated that 64.1% of the participants were active and
achieved more than 150min of activity per week. These
results are consistent with studies conducted among
other sub-populations in Malaysia. For example, in a
sample of overweight and obese women in Malaysia,
61.1% of them were categorised as physically active
when the assessment was conducted using self-reported
measures, but only 8.4% were categorised as being suffi-
ciently active via objective measurement method using
pedometers [22]. Soon and colleagues used the

Table 4 Associations between objective total MVPA and self-reported PA with BMI

Variables Estimate b t 95% CI p

Objective measurement of physical activity

Total MVPA per day −.045 −2.161 −.087, −.004 < .050

Self-reported physical activity

Total self-reported physical activity −.0001 .629 −.0012, .001 .856

Total physical activity at work [including walking] .002 1.166 −.001, .006 .244

MVPA at work [excluding walking] .004 1.858 −.0002, .009 .064

Biking as transport −.003 −1.074 −.009, .002 .283

Walking as transport −.0005 −.675 −0.001, 0.001 .050

Total active transport [walking and biking] −.0006 −.845 −.002, .0007 .399

Total physical activity during housework, house maintenance and caring for family .003 1.037 −.002, .009 .300

Walking for leisure and recreation −.0005 −.448 −.002, .002 .654

MVPA for leisure and recreation −.013 −1.184 0.034, .008 .237

MVPA moderate-to-vigorous physical activity
Note. The dependent variable for the model is BMI. Age, sex, marital status, education, employment status, city (site for data collection), socioeconomic status
(SES), and the average of valid accelerometer wearing hours per day were included as covariates in all models

Table 5 Associations between objective total MVPA and self-reported PA with WC measurements

Variables Estimate
b

t 95% CI p

Objective measurement of physical activity

Total MVPA per day −.061 − 1.27 −.15, .033 .204

Self-reported physical activity

Total self-reported physical activity −.0003 .-.251 −.002, 0.002 .802

Total physical activity at work [including walking] .0007 .179 −.007, .008 .858

MVPA at work [excluding walking] .004 .886 −.006, .015 .376

Biking as transport −.004 −.499 −.017, .010 .618

Walking as transport −.0005 −.339 −.003, .003 .735

Total active transport [walking and biking] −.0006 −.397 −.003, .002 .692

Total physical activity during housework, house maintenance and caring for family 0.002 .406 0.108, .016 .685

Walking for leisure and recreation −.0002 −.091 −.005, .005 .928

MVPA for leisure and recreation −.028 −1.144 −.076, 0.020 .253

MVPA moderate-to-vigorous physical activity
Note. The dependent variable for the model is the WC measurement. Age, sex, marital status, education, employment status, city (site for data collection),
socioeconomic status (SES), and the average of valid accelerometer wearing hours per day were included as covariates in all models
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Lifecorder e-Step accelerometer to measure the total
number of steps per day and the total energy expend-
iture in a sample of office workers in a public university
in Malaysia [24]. Consistent with our findings, only a
small percentage of the adult office workers (8.5%) were
categorized as “active” or “highly active” based on the
number of steps achieved per day.
Additionally, Soon and colleagues also reported that

the total daily energy expenditure recorded (a result of
physical activity) was positively correlated with BMI and
WC in their study, while increased steps achieved per
day was associated with a decrease in BMI [24]. Another
accelerometer study on Malaysian adults found signifi-
cant associations between physical activity levels and
BMI and WC [25]. A survey of employees working in
government agencies in the country showed that in-
creasing BMI was linked to lower levels of physical activ-
ity [26]. However, it is essential to note that these
studies [22, 24–26] measured only the steps and physical
activity levels of their participants, but not the amount
of time spent on MVPA per day.
Sex differences in physical activity and anthropometric

indicators were observed clearly in the current study.
Male participants spent significantly more time in all
physical activity domains except for the transport-related
domain (no difference was observed between males and
females) and the housework/domestic chores domain
(where females spent significantly more time). These
findings are supported by evidence from a systematic re-
view which summarized that participation of physical ac-
tivity was consistently higher in men compared to
women in previous studies [41]. Furthermore, an ana-
lysis on adults’ physical activity pattern across different
life domains in two regions in the United States
(Baltimore and Seattle) indicated that the total physical
activity at work and objective-measured MVPA were sig-
nificantly higher among males [42]. The nationwide
2002–2003 Malaysian Adult Nutrition Survey (MANS),
NHMS III, as well as two local studies using
self-reported measures of physical activity have also
shown that men were more active than women in the
country [43–46]. Furthermore, results from a local study
indicated that homemakers were more likely to engage
in moderate-intensity physical activity in the domestic or
household domain rather than to the leisure-time do-
main due to family obligations and lack of time [47].
The trend of lower physical activity levels among the fe-
males is worrying as obesity is also more prevalent
among the females in the country [3].
For self-reported physical activity measures, we found

that time spent on leisure/recreation physical activity
domain was lower than job-related physical activity and
walking for transport and leisure domains. This trend
was also observed in a more extensive, nationally

representative study in the country which showed that
only a small percentage of Malaysians were involved in
leisure-time physical activity, and travelling by car or
motorcycle is very common and preferred which re-
sulted in the high prevalence of physical inactivity
among the respondents of the survey [48]. The usage of
motorised vehicles reduces walking or biking as a form
of active transportation which contributes substantially
to overall physical activity levels. The low participation
of Malaysian adults in leisure-time physical activity is a
troubling phenomenon. Since it is widely recognised that
increased participation in recreational and leisure-time
physical activity could compensate for lower energy ex-
penditure within normal daily living [49], this positive
behaviour or lifestyle practice should be encouraged
from a young age. For instance, in Japan, participation in
leisure-time physical activity in youth predicted regular
leisure-time physical activity participation in working
adults [50].
On the other hand, differences in BMI status (having

healthy body weight and being overweight or obese) on
physical activity indicators could also be observed in the
present study. Time spent on self-reported physical ac-
tivity for leisure and recreation as well as objectively
measured physical activity were significantly higher
among participants who were not overweight or obese.
This observation is consistent with a previous study to
determine BMI and physical activity relationship in
Sweden [51]. The subjects were stratified into severely
obese and non-obese groups, and physical activity was
measured with accelerometers for seven consecutive
days [51]. Time spent on moderate and vigorous inten-
sity physical activity and the total volume of physical ac-
tivity were significantly higher in the non-obese group
compared to the obese group [51].
In the present study, after adjusting for covariates, the

objectively measured total MVPA was inversely associ-
ated with BMI, but not WC measurement. No associ-
ation was observed in the self-reported measures with
both BMI and WC. A study on Malay adults indicated
that increased self-reported physical activity was in-
versely associated with BMI and was protective against
central obesity [45]. Wareham and colleagues (2005)
reviewed several studies on physical activity and weight
gain in adults and found that most of the studies re-
ported statistically significant inverse associations be-
tween the self-reported measures of physical activity and
weight gain [52]. On the other hand, results from The
Korea National Health and Nutrition Examination Sur-
vey found more significant associations between physical
activity and obesity defined by waist-to-hip ratios than
the BMI among both Korean men and women, but no
significant associations were found between physical ac-
tivity and obesity by BMI in women [53].
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A negative relationship was also observed in
accelerometer-measured MVPA with BMI and waist cir-
cumference among a sample of Chilean adults, while no
relationship was detected in self-reported IPAQ MVPA
with BMI and waist circumference measurements [17].
Data from the National Health and Nutrition Examin-
ation Survey (NHANES) 2003–2006 physical activity
data showed significant associations between objectively
measured physical activity with measures of overweight
and obesity (inclusive of BMI and WC) [19]. Only
vigorous-intensity, but not the moderate-intensity
self-reported physical activity was associated with the
same overweight and obesity measures [19]. Similar to our
study, Wanner et al. [19] observed consistent associations
between objectively measured physical activity and over-
weight/obesity measures, whereas self-reported physical
activity associations were found for vigorous but not mod-
erate intensity physical activity. A possible explanation by
Wanner et al. [19] which would also apply to the present
study is that the intensity of physical activity was overesti-
mated, and self-reported moderate-intensity PA corre-
sponds better with accelerometer-measured light-intensity
PA. Self-reported measures may be more susceptible to
misclassification, especially regarding moderate-intensity
PA and household tasks.
We did not find any significant association between

objectively measured total MVPA per day with WC
measurements in this study. We also did not detect any
association between any of the self-reported physical ac-
tivity in various domains with WC measurements. It is
possible that the habitual and prolonged inadequacy of
physical activity among most of the participants had
already created an accumulation of fat in the abdominal
areas before the study was conducted. A longitudinal
study among middle-aged women reported that changes
in sports or exercise had less influence on WC and im-
plied that physical activity may have more impact or
contributed more to prevent increases in the amount of
fat rather than redistribution of fat [54].
The understanding of the differences in physical activ-

ity measurements is vital to enable comparisons between
studies and for better understanding of the complexity
of obesity and physical activity, as demonstrated by the
findings in this current study. The tendency to overre-
port self-reported behaviours may weaken the associa-
tions between variables. Under-reporting and
over-reporting of behaviours may also result in biased
conclusions made on the correlates of physical activity
behaviours [55]. However, as proven by larger-scale or
cohort studies, it cannot be denied that self-reported
physical activity method will remain as and continue to
be an essential tool to obtain information on the volume
of physical activity and identify the health consequences
of physical inactivity. Even though the IPAQ were said

to overestimate physical activity, it is still the most ap-
propriate measure for this study because it provided esti-
mates for all the four domains of physical activity [56].
As shown in the present study, objectively-measured

MVPA and self-reported time spent in various physical
activity domains differ significantly among males and fe-
males and participants with different body weight status.
Moreover, a better understanding of physical activity and
its correlates is beneficial so that public health and clin-
ical interventions can target stronger mediators of their
behaviour. The effort to increase physical activity partici-
pation will require combined strategies to involve all the
individual, social, cultural, environmental, and policy de-
terminants of physical inactivity. Other than the neigh-
bourhood environment walkability attributes, this study
did not investigate other possible barriers of physical ac-
tivity, which is neither the objective of this paper nor
discussed in this paper. Nevertheless, other studies con-
ducted in the country previously indicated that family
obligations; lack of time; financial constraints; health prob-
lems; lack of facilities; discouragement from spouse, fam-
ily, and friends; bad weather; as well as the lack of
motivation and interest are the most common barriers to
physical activity participation among Malaysians [57–59].
One of the strengths of this study was the use of vali-

dated and standardized measures of both objective and
self-reported measurements of physical activity that have
been practiced in international studies. This has allowed
an extensive and detailed assessment of the frequency,
duration, and intensity of physical activity, and provided
information about the mode of physical activity per-
formed. Besides, anthropometric indicators were also
measured by trained personnel using standardized
methods. One of the limitations of the study includes
the difficulty for participants to comply with accelerom-
eter wearing due to the long period of physical activity
monitoring needed. It was also a challenge to recruit
male participants and those who are staying in residen-
tial areas with tight security.
Since this study is cross-sectional, we could not infer

cause and effect. We could not determine if physical ac-
tivity leads to lower BMI or if those with lower BMI
were involved in more physical activity. The generalis-
ability of the sample against the Malaysian population
might be limited due to the study sample size and the
recruitment approach. Nevertheless, this dataset pro-
vides rich and reliable information on objectively mea-
sured physical activity as well as self-reported physical
activity across life domains among adults in Malaysia.
Future studies could be applied to more diverse popula-
tions including, for instance, children, adolescents, eld-
erly or other subgroups of individuals, although different
methods of physical activity monitoring and question-
naires should be used.
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Conclusions
In conclusion, we found a significant association be-
tween objectively-measured MVPA and BMI, but not
WC measurement. No significant association was found
between self-reported physical activity with both BMI
and WC measurement. A large proportion of the partici-
pants were also not physically active to experience the
benefits of physical activity. With the alarmingly high
national prevalence of overweight (30.0%) and obesity
(17.7%) in the country [3] as well as the existing evi-
dence that physical activity has a crucial role to play in
combatting the increasing waistlines among Malaysians,
physical activity should be further promoted and encour-
aged. Understanding of how adults arrange their activity
pattern across multiple life domains would enable strat-
egies, interventions, and policies to be effectively formu-
lated for the diverse population.
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