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Introduction 
The severity of the obesity issue is widely 
recognised as it does not only mean that a person 
is unable to function properly to carry out daily 
activities, it also indicates that the person is 
exposed to higher risks of developing chronic 
diseases as well. According to the National 
Health and Morbidity Survey (NHMS), evidence 
has shown that the percentage of overweight 
and obese Malaysian adults has almost doubled 
in the last 20 years between 1996 and 2016. 
Obesity is said to be the result of interconnected 
determinants between the behavioural and 
environmental factors. Individual level factors 
alone are unable to fully explain the rise in the 
prevalence of obesity (Townshend & Lake, 
2017). Hence, it is recommended to also include 

community level factors in understanding health 
behaviours and health outcomes. 

The composition of a neighbourhood-built 
environment more often has induced implicit 
influence on inhabitants’ health, which can be 
explained through their behaviours of food 
consumption (Glanz et al., 2005) and physical 
activity (Sallis, 2009). In conjunction to that, 
the Malaysian National Strategic Plan for 
Non-Communicable Diseases (NSP-NCD, 
2010) highlighted that the issue is believed to 
have stemmed from disjointed inter-sectoral 
collaborations, particularly between health 
professionals and urban planners, as well as 
a lack of strategic policies and regulatory 
interventions in creating a health-promoting 
built environment in Malaysia.  
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There has been a considerably good 
number of studies that establish the relationship 
between the physical space of an environment 
and health outcomes within the context of 
a community (Glanz et al., 2005). The role 
of built environment as more than just a 
location has been heavily studied by health 
geographers (Kearns & Moon, 2002), wherein 
the relationship between the environment and 
human health emerged. It was not until much 
later that literature on food environment started 
to appear. Hence, it was not surprising to 
seldom find the inclusion of both environmental 
aspects, i.e. the food environment and the built 
environment, concurrently in establishing a link 
to health behaviours and BMI.

Health-based non-clinical studies that were 
carried out in Malaysia can be found using 
the following predictors or factors, including 
demography (Hamid Jan et al., 2011; Wan 
Nazaimoon et al., 2011; Asma’ et al., 2011; 
Cheong et al., 2013), socio-economic status 
(Norhasmah et al., 2010), food and diet (Ooi 
et al., 2015; Nurliyana et al., 2015; Fokeena 
et al., 2016), knowledge (Poh et al., 2012), 
psychosocial aspects (Lee et al., 2012; Zalina 
et al., 2012; Suzana et al., 2013; Rezali et al., 
2015) and physical activity level (Zalina et al., 
2012), with only one study using the factor of 
built environment (Hayati Adilin et al., 2015). 

The above demonstrates the limited studies 
done in Malaysia regarding the influence of 
neighbourhood-level food environment and 
built environment on a person’s diet quality 
and level of physical activity, and whether these 
factors affect a person’s BMI. The Epidemiology 
and Disease Control Division of the Ministry 
of Health Malaysia released a statement in 
2017, stating that researchers and intervention 
programmes established in Malaysia oftentimes 
face the problems of a lack of inter-sectoral 
efforts and negligence of contextual facets. This 
problem is apparent as out of all related past 
research done in Malaysia, there are limited 
studies done on predicting BMI and other 
health behaviours through neighbourhood level 
attributes, such as the physical environment 
pertaining to the issue.

As urban planning is able to encourage 
location decisions and designs of physical 
spaces (Dannenberg et al., 2003), it is able 
to encourage the formation of a balanced 
distribution of food variety and access to 
recreational facilities (Waxman, 2004). A 
consistent trend of significant relationships was 
found across literature review between Perceived 
Neighbourhood Built Environment (PNBE), 
physical activity (PA) and BMI. Most are highly 
suggestive that a healthy BMI is present among 
people who are physically more active and 
had better environmental perceptions (Duncan 
et al., 2012). Those environmental attributes 
include feeling that the walking/cycling routes 
are safe, having close proximity to local 
destinations regardless of geographical locations 
(Bourdeaudhuij et al., 2015), and having a better 
perception towards neighbourhood crime safety 
(Wiley et al., 2013). Being more satisfied with 
one’s neighbourhood condition also contributes 
to having lower obesity rates (Webb et al., 2020). 

All these environmental effects on obesity, 
according to Putrik et al. (2015), were found 
to be more consistent and stronger among 
older residents. Furthermore, a longitudinal 
study by Gutierrez et al. (2017) found that 
favourable changes in neighbourhood physical 
environments are related to BMI reductions in 
obese persons within the period of just one year. 
This is in tandem with the study by Claudel et 
al. (2019), which reported that regardless of race 
and socio-economic status, having good overall 
perceptions towards the built environment will 
induce a person to be more physically active. 

As for the Perceived Neighbourhood Food 
Environment (PNFE), diet quality (DQ) and 
BMI, most studies concurred that an unhealthy 
BMI is present among people who have poor 
diet quality (Mesas et al., 2012) and perceived 
they had unfavourable food environment (Casey 
et al., 2008), e.g. high presence of buffets, 
cafeterias, and fast-food restaurants. This 
relationship is more apparent among people of 
low socio-economic status (Kell et al., 2015) and 
this causes “deprivation amplification”, which 
increases individual risk factors for obesity. 
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Considering the current needs and issues 
of the nation within the scope of the obesity 
phenomenon, it is thought that aspects of urban 
and regional planning through the perspective of 
environmental attributes is worth exploring and 
may be able to contribute in terms of gaining a 
better understanding of the epidemic. BMI is 
found to be a useful population-level measure 
of overweightness and obesity (Ranasinghe, 
et al., 2013). As such, BMI is deemed as a 
valid indicator to be used as the outcome 
variable of this study. Romieu et al. (2017) 
stressed that weight status is the direct effect of 
energy balance, i.e. energy intake and energy 
expenditure of a person. Romieu et al. (2017) 
continued to state that in the case of a person 
being overweight or obese, it is most likely 
that they have an imbalanced energy intake 
(poor diet quality) and energy expenditure (low 
physical activity). 

Thus, this study hypothesised that diet 
quality and physical activity have direct effects 
on BMI, and they are categorised as the health 
behaviour predictors of the study. Evidence on 
diet quality (DQ) was obtained utilising the Diet 
Quality Index-Food Frequency Questionnaire 
(DQI-FFQ), while the evidence for physical 
activity (PA) was extracted utilising the Global 
Physical Activity Questionnaire (GPAQ) 
as recommended by the WHO. Details are 
discussed in the coming sections.  

Also, supported by the Ecological System 
Theory forwarded by Bronfenbrenner (1992), 
who suggested that the behavioural development 
of a person is largely affected by the interaction 
with their surrounding environments, this study 
hypothesised that the environment, represented 
by Perceived Neighbourhood Food Environment 
(PNFE) and Perceived Neighbourhood Built 
Environment (PNBE), has direct effects on 
BMI. Moreover, it is also hypothesised that 
there is a correlation between PNFE and PNBE 
(Raja et al., 2010); PNFE and DQ (Green & 
Glanz, 2015); as well as PNBE and PA (Sallis 
et al., 2012). 

This present study was conducted based 
on respondents’ self-reported perceptions at a 
neighbourhood level. The term “neighbourhood” 

in this study is adapted from Raja et al. (2010) 
as the standardised area traversable within 10 
minutes of walking or 5 minutes of driving 
from the respondent’s house. Ten minutes of 
walking or 5 minutes of driving are assumed to 
be the average distance one is willing to travel 
for food or the active mobility within their 
neighbourhood.

It is noted that self-reported perception of 
the food environment and built environment 
is found to be as significant as objectively 
measured food environment (Green & Glanz, 
2015). It is evident that this research area has 
been extensively studied in other countries with 
minor inconsistent results, whereby findings 
have shown that the perception-based nutrition 
environment (Glanz et al., 2016), as well as 
perception-based built environment (Hanibuchi 
et al., 2015; Martin et al., 2011), are consistently 
associated with health behavioural outcomes. 
This angle of public health research is, however, 
rarely collectively studied in Malaysia. 

Materials and Methods 
A stratified random survey involving 
questionnaires on PNFE, PNBE, DQ, PA and 
BMI were carried out in November 2018 on 
256 adults (older than 18 years old). The first 
stage of the sampling involved the stratification 
of all 281 neighbourhoods in the Johor Bahru 
district into “lower NSES (Neighbourhood 
Socioeconomic Status)” and “higher NSES” 
using the median housing price per square foot 
of RM342 issued by the Valuation and Property 
Services Department of Malaysia at the time of 
the split. 

Next, all the neighbourhoods categorised 
under lower and higher NSES were given a 
consecutive number of 1 to N. Then, 21 and 
23 numbers representing the neighbourhoods 
were randomly selected from each group of 
NSES, respectively, using a random number 
generator (software) before respondents were 
randomly selected in the same manner from the 
sampled neighbourhoods. In the end, a total of 
176 randomly selected respondents from the 
lower NSES group and 80 respondents from 
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the higher NSES group were administered 
the questionnaires with the aid of six trained 
enumerators.      

Outcome Variable 
Body Mass Index (BMI) was derived through 
self-reported height and weight by respondents, 
which was then calculated by dividing weight 
(kilograms) with squared height (metres). The 
BMI cut-off recommended by the Malaysian 
Dietary Guidelines 2010 (MDG 2010) was 
referred to for classifications. The recommended 
categories are underweight (less than 18·5 kg/
m²); normal (18·5–24.9 kg/m²); overweight (25–
29.9 kg/m²); and, obese (30 kg/m² or higher). 

Environmental Predictors 
The questionnaire on Perceived Neighbourhood 
Food Environment (PNFE) has a total of 
22 items. Firstly, perceived food store type 
availability (PFSA) is adapted from Morland 
et al. (2006), Treuhaft and Karpyn (2010) and 
Ploeg (2010), which collects the food store 
density expressed in the number of food store 
types available within a stipulated radius. 
As this study seeks to collect self-reported 
perceptions, the question was rephrased by 
collecting perceived counts based on 5 food 
store types available within a 10-minute walk or 
5-minute drive from the respondent’s house. The 
food store types include supermarkets, grocery 
stores, non-fast-food restaurants, convenience 
stores and fast-food restaurants. Secondly, 
perceived geographical food accessibility 
(PGFA) was adapted from Gustafson et al. 
(2011), Bridle-Fitzpatrick (2015) and Caspi et 
al. (2012), whereby the food store type under 
“perceived distance of food stores from home” 
was extended to those 5 types of food stores 
mentioned above. Furthermore, the open-ended 
questions in the original versions were changed 
to close-ended questions with a 6-point Likert 
scale (1-5 min, 6-10 min, 11-20 min, 21-30 min, 
>30 mins or not sure). 

Thirdly, perceived healthy food availability 
(PHFA) was adapted from the original Perceived 
Nutrition Environment Measures Survey 

(NEMS-P) developed by Green & Glanz (2015), 
which consists of 6 questions, with a 5-point 
Likert scale. This study maintained the nature of 
the questions, but reduced the scale to 4 points, 
ranging from strongly agree, somewhat agree, 
and somewhat disagree to strongly disagree. 
The scale was reduced to force respondents to 
form much-needed opinions and elicit specific 
responses for the study, rather than having 
them choosing the “neutral” middle category. 
The final variable under PNFE, perceived food 
affordability (PFA), was adapted from Blitstein 
et al. (2002) and Inglis et al. (2008). Although 
the original questions only gauged perceived 
affordability of fruit and vegetables, this 
study extended the questions to include more 
categories of healthy and unhealthy food, with a 
4-point Likert scale. The categories added were 
fresh produce (tempe, tauhu, meat and seafood), 
low fat products (low fat milk and lean meats), 
sugar sweetened beverages, snacks (sweets, 
candies, chocolates, cookies and ice creams), 
and fast food. 

The questionnaire on Perceived 
Neighbourhood Built Environment (PNBE), 
which has a total of 38 items, was adapted 
from the previously validated Neighbourhood 
Environment Walkability Scale (NEWS) 
questionnaire by Saelens et al. (2003), which 
intends to measure self-reported perceptions 
of the physical built environment related to 
physical activity. For perceived residential 
density (PRD), the study retained the nature 
of the questions but modified the housing type 
terms that were deemed more appropriate 
for Malaysian respondents. For example, the 
term “detached single-family residences” 
was changed to “bungalow, semi-detached 
and cluster housing”, and “row houses of 1 
to 3 storeys” was changed to “1- to 3-storey 
terrace”. During data processing for PRD, 
weightage based on residential density were 
assigned to all types of housing as required after 
adjustment of weightage to suit the Malaysian 
housing conditions. The Planning Standards 
and Guidelines Manual Johor, Malaysia (2013) 
guided the weightage assignment, whereby less 
weightage was assigned to low-density housing 
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and higher weightage for high-density housing. 
As an example, the lowest-density housing with 
an average density of 8 units per acre, such as 
bungalows and semi-detached homes, were 
assigned a weight of 8, equivalent to the value 
given in the United States for lowest-density 
housing, while high-density apartments and 
condominiums were assigned a weight of 70, the 
highest weightage in the NEWS questionnaire. 

In order to produce a concise and short 
questionnaire, land-use activity groupings were 
created for the questions on perceived land 
use mix diversity (PLMD), whereby 6 groups, 
i.e. supermarkets, local neighbourhood stores, 
restaurants, services, specialty stores and public 
facilities, were created from the original 23 
items. The study retained the original answering 
range of “1 to 5 minutes”, “6 to 10 minutes”, 
“11 to 20 minutes”, “21 to 30 minutes”, “more 
than 30 minutes” and “not sure”. The questions 
from here onwards were provided with a 4-point 
Likert scale answering range of “strongly agree”, 
“somewhat agree”, “somewhat disagree” and 
“strongly disagree”. For perceived land-use mix 
accessibility (PLMA), the original 6 questions 
from the NEWS questionnaire were retained, 
whereby respondents were asked to rate their 
level of agreements while bearing in mind the 
perceived land uses within 10 minutes’ walking 
distance from their residences.  

For perceived walking and cycling facilities 
(PWCF), out of the 10 original questions, only 
4 questions were adapted for this study based 
on Malaysia’s geographical suitability, e.g. 
availability, maintenance, ease of access to and 
connections of walking and cycling facilities. 
Next, for perceived surrounding aesthetics 
(PSA), out of 8 questions, only 5 were retained, 
including the availability of interesting natural 
and man-made features to look at, street 
cleanliness, as well as tree shade. For perceived 
street connectivity (PSC), the original 5 questions 
in the NEWS questionnaire were retained in the 
study. Finally, for perceived safety from traffic 
and crime (PSTC), only 3 questions on traffic 
safety, e.g. traffic conditions, traffic speed and 
air pollution, as well as 3 questions on crime 
safety, e.g. lighting quality at night, pedestrian 

visibility and social interaction, were retained in 
the questionnaire for this study. 

Although the structures of manifest and 
latent variables of the current study are based 
on numerous validated theories from previous 
studies, those research were done in foreign 
countries. As mentioned earlier, one of the 
obesity research gaps in Malaysia is the lack 
of studies done using a local data set to have a 
better reflection of the local situation. Hence, the 
current study decided to reconfirm and increase 
structure accuracy by conducting an EFA using 
a local data set. Secondly, the current study has 
done some modifications to the original NEWS 
and NEWS-CFA questionnaires, as such, 
conducting an EFA is treated as a cautionary 
step. 

It is efficient to do so because it explores 
underlying theoretical factor structures by 
identifying and producing groups among 
variables with strong correlations in a data set. 
As EFA can be done only on non-nominal or 
non-continuous scaled items, single measured 
items in the study including perceived groceries 
availability, perceived non-fast food restaurant 
availability, perceived convenience store 
availability, perceived fast food restaurant 
availability, perceived groceries geographical 
access, perceived non-fast food restaurant 
geographical access, perceived convenience 
store geographical access, perceived fast food 
restaurant geographical access, perceived 
residential density and perceived land use mix 
diversity were excluded from this analysis. 

Exploratory Factor Analysis (EFA) was 
conducted using Principal Component Analysis 
(PCA) and Promax as the factor extraction and 
rotation method. As demonstrated in Table 1, 
data adequacy was fulfilled, with the value of 
Kaiser-Meyer-Olkin (KMO) being 0.898, while 
the Bartlett’s Test of Sphericity significance 
value of 0.000 indicated that the EFA output 
from this data set was meaningful with 7 factors 
extracted accounting for 68.225% of the total 
variance explained. Based on the communalities 
table, none of the items had communalities issue 
by having a value of less than 0.30. 
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All of the items were loaded under each 
respective factor as expected in the table. The 
output is said to have achieved validity through 
proving convergent validity by having factor 
loadings of greater than 0.40 under each item, 
as well as discriminant validity, whereby highly 
correlated items were seen to be significantly 
loaded under the same factor in the EFA pattern 

matrix as depicted in the same table. Moreover, 
as the items were loaded under the same factor 
as initially expected, the face validity was 
ascertained. Additionally, the internal reliability 
of the extracted factors showed that the output 
has achieved reliability by having Cronbach’s 
alpha values of greater than 0.70.

Table 1: Exploratory Factor Analysis on the items of the adapted questionnaire

No. Factor Item/Variable Factor 
Loading

Cronbach’s 
Alpha Value

1 Perceived 
healthy food 
availability
(FHA)

Fruits and vegetables access
Low-fat products selection
Low-fat products access
Fruits and vegetables selection
Low-fat product quality
Fresh produce quality

.859

.841

.839

.833

.822

.804

0.938

2 Perceived food 
affordability
(AFF)

Sugar sweetened beverages
Snacks and junk food
Fast food
Low-fat products 
Fruits and vegetables
Fresh produce

.851

.826

.791

.765

.758

.737

0.916

3 Perceived land 
use mix access
(BLMA)

Local commercial stores 
Many places within walking distance
Parking in shopping areas
Transit stop (bus, taxi) 
Recreational parks
Diversity of shopping areas

.851

.845

.833

.818

.444

.411

0.866

4 Perceived 
walking and 
cycling facilities
(BWC)

Availability of sidewalks
Well-maintained sidewalks
Connection of pedestrian trails 
Availability of pedestrian trails

.821

.788

.563

.537

0.783

5 Perceived 
surrounding 
aesthetics
(BSA)

Presence of shady trees 
Presence of trees along the streets 
Neighbourhood free from litter
Presence of natural attractive sights  
Presence of attractive man-made structures

.764

.728

.682

.665

.561

0.842

6 Perceived safety 
from traffic and 
crime
(BC)

Visibility of pedestrians 
Presence of exhaust fumes 
Condition of street lighting at night 
Communication with other people
Driver behaviour – speed limit
Traffic affecting difficulty to walk

.788

.774

.738

.691

.690

.625

0.869

7 Perceived street 
connectivity
(BSC)

Length between intersections  
Connections of cul-de-sacs
Presence of cul-de-sac 
Presence of four-way intersections  
Presence of alternative routes

.785

.771

.745

.698

.663

0.874
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Health Behaviour Predictors
Diet Quality (DQ) was gauged by requesting 
information on food frequency intake and 
serving sizes for daily consumption according 
to food groups. The study utilised the Diet 
Quality Index- Food Frequency Questionnaire 
(DQI-FFQ), which was previously validated 
in Malaysia by Fokeena et al. (2016), to assess 
respondents’ yearly average food intake. It is 
understood that the said index was developed 
based on the current nutrition information and 
dietary guideline recommended by the MDG 
2010, as well as the Malaysia Food Pyramid 
(MFP). The index used a combination of 
indicators including food groups, serving size, 
and food frequency intake, which are then 
compared to the recommended intake of an 
individual to derive their diet quality. As dietary 
requirements vary from one individual to 
another based on the amount of energy exertion, 
the recommended intake of a person should be 
according to gender and physical activity level. 
The DQI-FFQ uses a 5-point scoring system, 
whereby the highest point of 5 is awarded 
to respondents who have adhered to their 
recommended intake based on their gender and 
physical activity levels, and the lowest point of 
0 is given to respondents who did the opposite.

Physical Activity (PA) was derived 
through utilising the Global Physical Activity 
Questionnaire (GPAQ) as recommended by 
the WHO. It comprises 4 parts, and gauges 
respondents’ physical activity on a weekly basis 
in terms of activities in workplace, travel to and 
from destinations, and leisure activities, as well 
as sedentary activities, excluding sleeping time. 
According to the Malaysian Dietary Guideline 
2010, Key Message 3, Metabolic Equivalent 
Task (MET) is defined as the absolute amount 
of energy or resting rates of oxygen used during 
certain activities. 

Supporting this statement, GPAQ Analysis 
Guidelines stated that MET is widely utilised to 
explain intensity of physical activities, where it 
is the working metabolic rate relative to resting 
metabolic rate of an individual. As such, 1 MET 
is assumed to be used by a resting or sedentary 
individual, 4 METs is assumed to be used by 

a moderately active individual, and 8 METs 
is assumed to be used by a vigorously active 
individual. As the GPAQ intends to measure an 
individual’s physical activity on a weekly basis, 
the respondent’s active day(s) per week and 
minutes per day is recorded and multiplied by 
the METs assigned. As such, 3 classifications 
were introduced, i.e. vigorously active (more 
than 3001 METs per week), moderately active 
(601 to 3000 METs per week) and sedentary 
(less than 600 METs per week). 

Confounding Variables
Socio-demographic characteristics, including 
age, race, gender, highest education level and 
monthly household income, were derived from 
the respondents. Neighbourhood socioeconomic 
status (NSES) was derived by asking respondents 
to report the names of the street they are living in 
and their neighbourhood. This information was 
then checked for respective median property 
values based on the latest transactions as 
reported in the Valuation and Property Services 
Department of Malaysia. 

Statistical Analysis
Data were recorded using the IBM Statistical 
Package for Social Sciences (SPSS) version 22.0, 
while CFA and SEM analyses were conducted 
using IBM SPSS AMOS (AMOS) version 23.0. 
With a priori sample size calculation (Wolf 
et al., 2013), by using the probability level of 
0.05, statistical power level of 0.8, as well as an 
anticipated effect size of 0.3, the recommended 
minimum sample size for this study was at least 
212. Data assumptions, including missing cases, 
outliers, multicollinearity, normality, linearity 
and homoscedasticity were checked for the data 
set. 

Pooled Confirmatory Factor Analysis 
(CFA) was conducted on the latent variables and 
the respective manifest variables simultaneously 
for perceived neighbourhood food environment, 
perceived neighbourhood built environment, 
diet quality and physical activity. After the 
measurement model’s construct validity was 
verified, Structural Equation Modelling (SEM) 
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was used to examine the extent to which the 
conceptual model of perceived neighbourhood 
environment, health behaviours and BMI is 
supported by the sample data collected.

As there are three main categories of fitness, 
including absolute fitness, incremental fitness 
and parsimonious fitness, Hair et al. (2010) 
suggested that studies should use at least one 
index from each fitness category. Hence, model 
fit indices referred to in this study are CMIN, 
relative CMIN (CMIN/df), comparative fit 
index (CFI), Tucker-Lewis Index (TLI) and root 
mean square error of approximation (RMSEA). 

Values indicating a good model fit are 
CMIN/df of not more than 5 (Wheaton et al., 
1977); CFI that is closer to 1 (Hu & Bentler, 
1999); TLI that is closer to 1 (Tucker & Lewis, 
1973) and RMSEA of not more than 0.08 
(Hu & Bentler, 1999). Maximum Likelihood 
Estimator was used for both CFA and SEM, 
while a 95% confidence interval level was used 
to test construct significance. The standardised 
regression weights were recommended as a 
reference for predictor-outcome relationships 
across variables of differing units of analysis 
(Landis, 2005), such as that of this study.  

Results and Discussion
Socio-demographic Characteristics, NSES and 
BMI
The study has a total of 256 respondents. The 
mean age of the respondents were 34 years old 
(SD=12.6), most were male (59%), of Malay 
ethnicity (50%), and their highest education level 
was at the tertiary level (50%), had a monthly 
household income of RM5001-RM7000 (30%). 
Overall, there was more participation from 
respondents living in the lower NSES (69%) 
than higher NSES (31%). For diet quality, most 
respondents were at risk of poor diet quality 
(59%). As for physical activity, the mean MET 
value per week of respondents was 1794 (SD± 
2115), which can be categorised as moderately 
active. 

Table 2 shows the overall and the proportion 
of the sample distribution according to BMI. 

Those who have normal BMI were of a younger 
age group of between 18 and 30 years old, 
female, of Chinese and Others ethnicity, had 
tertiary education as the highest education level 
with a monthly household income of more than 
RM10,001 and were from the higher NSES. As 
expected, most of them were at a lower risk of 
poor diet quality and were vigorously active. 
On the other hand, those who had a BMI of 
higher than 25 were middle-aged, between 
31 to 50 years old, male, of Malay and Indian 
ethnicity, and their highest education level was 
at the primary school level, with a monthly 
household income of less than RM3,000. Most 
of the respondents from this cohort were at risk 
of poor diet quality and were physically inactive 
(sedentary).  

Latent Variables of PNFE, PNBE, DQ and PA 
The outcome of standardised regression weights 
and significance values of the measurement 
model from Pooled CFA for those significant 
paths are presented in Figure 1 and the 
measurement model achieved goodness-of-fit 
(CMIN=1677.45, df= 1101, CMIN/df= 1.524, 
TLI= .928, CFI= .933, RMSEA= .045). 

For correlation analysis, both PNFE and 
PNBE were found to be influential towards 
a person’s health behaviours, which then 
ultimately contributes to their BMI, and it is 
not surprising to find that PNFE and PNBE 
(β= .425, p< .000) were significantly correlated 
with each other. Supporting the claims of 
previous studies, this study also found that the 
environmental factors correlate with health 
behaviours, specifically PNFE correlates with 
a person’s DQ (β= .297, p< .000) (Rummo et 
al., 2015) and PNBE correlates with a person’s 
PA (β= .402, p= .005) (Yu et al., 2017). Also, 
an unexpected correlation was found between 
PNFE and PA (β= .297, p< .000). 

Causal Model of Perceived Neighbourhood 
Environment, Health Behaviours and BMI
The perceived neighbourhood environment, 
health behaviours and BMI causal model (Figure 
2) was drawn using the imputed measurement 
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model produced while inserting BMI as the 
dependent manifest variable, as well as other 
confounding independent manifest variables, 
i.e. sociodemographic characteristics and NSES. 
A non-linear nature was found for the factor of 
“race” (p= 0.008); thus it was not included in the 
causal model. The model fitness was established 
(CMIN= 2.920, df= 2, CMIN/df= 1.460, TLI= 
.983, CFI=.997, RMSEA=.042). At a 95% 
confidence interval level, the significant direct 
effects were presented in bold lines, while the 
insignificant direct effects were presented in 
dotted lines.

Firstly, PNFE (β= .192, p= .003) was found 
to have a significant positive direct effect on 
BMI. This is apparent as most of the respondents 
who reported poor DQ had a higher BMI. As 
expected, both health behaviours, i.e. DQ (β=-
.194, p=.004) and PA (β=-.189, p=.010), have 
significant negative direct effects on BMI as 
weight is essentially the outcome of energy 
intake and energy expenditure. Additionally, the 
result also showed that both health behaviours 
are significantly related to each respective 
environment; PA and PNBE (β= .453, p<.000), 
as well as DQ and PNFE (β= .323, p<.000). 

As for confounding variables, the findings 
of this study add to the collection of previous 
studies, which reported that those with lower 

monthly household income (β= -.171, p=.006) 
and lower education level (β= -.149, p=.016) had 
the higher BMI values. This is evident as most 
of the respondents who have higher BMI have 
finished only primary school and had a monthly 
household income of less than RM3,000. Other 
than that, gender (β= -.145, p=.019) was found 
to be significantly related to BMI, but not age 
(β= .115, p=.065) and NSES (β= -.089, p=.153). 

It should also be noted that as PNBE was 
insignificantly related to BMI, the mediation 
effect of PNBE towards the relationship between 
PA and BMI was insignificant. On the other 
hand, as both PNFE and DQ have significant 
relationships with BMI, this denotes the 
presence of a partial mediation effect of PNFE 
towards the relationship between DQ and BMI.

In the present study, the obesity 
phenomenon, represented by BMI, was explored 
within the context of perceived neighbourhood 
environment and health behaviours. It is 
evident that the perceived neighbourhood food 
environment has a direct effect in influencing a 
person’s BMI, but not perceived neighbourhood 
built environment. In tandem with the findings 
of Raja et al. (2010), this study also discovered 
that the food environment (PNFE) had a higher 
influence on BMI than the built environment 
(PNBE).

Table 2: Socio-demographic characteristics of the respondents (n= 256)

Proportion Distribution (100%)
Overall Normal BMI (%) Overweight/Obese BMI (%)

Gender (%)
  Male
  Female

59
41

86
90

14
10

Age (%)
  18 – 30 years old
  31 – 50 years old
  >51 years old

40
42
18

92
86
89

8
14
11

Race (%)
  Malay
  Chinese
  Indian
  Others

50
32
16
2

86
94
88
100

14
6
12
0
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Education (%)
  Primary
  Secondary
  Tertiary

19
31
50

73
81
96

27
19
4

Household Income (%)
  ≤ RM3,000
  RM3,001-RM5,000
  RM5,001-RM7,000
  RM7,001-RM10,000
  ≥RM10,001

10
21
30
21
18

60
81
87
95
98

40
19
13
5
2

Neighbourhood Socioeconomic 
Status (%)
  Lower
  Higher

69
31

85
93

15
7

Leisure Time Physical Activity (%)
  Vigorously active
  Moderately active 
  Sedentary

23
51
26

96
86
85 

4
14
15

Diet Quality (%)
  At risk of poor diet quality
  At lower risk of poor diet quality

59
41

80
98

20
2

Path Coefficients: β= Standardised Regression Weight, r²= Squared Multiple Regression
Model fit: CMIN= 1677.45, df= 1101, CMIN/df= 1.524, TLI= .928, CFI= .933, RMSEA= .045

Figure 1: Measurement model of perceived neighbourhood environment and health behaviours
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The negative moderate effects that the 
environmental factors had on BMI means that 
the higher the scores (better) of PNFE and 
PNBE, the lower (normal BMI <25) the BMI of 
a respondent, and vice versa. This concurs with 
a myriad of previous studies, which had similar 
results, such as those done by Gibson (2011) 
and Stark et al. (2013). Hence, it is observed 
that both subjectively measured (e.g. self-
reported perception) and objectively measured 
(e.g. Geographical Information System) 
environmental characteristics data can produce 
similar results when predicting health outcomes.

The Ecological System Theory founded 
by Bronfenbrenner (1979), which speculated 
the effects of the surrounding environment on a 
person’s behaviour, provides a foundation for this 
study. Apart from having the ability to explain 
health outcomes, such as BMI, the environment 
is also highly influential on health behaviours. 
As such, it can be said that environment dictates 
energy consumption, energy expenditure and 
the health outcomes of a person.

It was noticed that DQ had a higher effect on 
BMI than PA. As such, this study supports Key 
Message 3 in the Malaysian Dietary Guidelines 
2010, which urges Malaysians to “be physically 
active everyday” to encourage more people to 
utilise physical activity as a way to be healthier. 
Apart from that, the negative relationships 
between DQ and PA with BMI supports claims of 
previous studies that people who lead sedentary 
lifestyles and unhealthy eating habits were often 
found to have higher BMI. 

As most of our neighbourhoods have no 
proper “walking and cycling facilities” as 
defined in the NEWS questionnaire, it was no 
surprise that the measurement model dropped 
the construct for measurement of PNBE as it 
does not fit to the local data set. The same was 
also true for the “food store type availability” 
construct under PNFE. 

As exemplified by this study, specifically 
with the evidence of significance between 
the relationships of the food environment, 
built environment, diet quality, physical 

Path Coefficients: β= Standardised Regression Weight, 
Model fit: CMIN= 2.920, df= 2, CMIN/df= 1.460, TLI= .983, CFI=.997, RMSEA=.042

Figure 2: Causal model of perceived neighbourhood environment, health behaviours and BMI



BMI, PERCEIVED ENVIRONMENT AND HEALTH BEHAVIOURS  	 201

Journal of Sustainability Science and Management Volume 16 Number 7, October 2021: 190-208

activity and BMI, humans share a complex 
yet intimate relationship with the environment 
as it influences behaviours and nurtures 
habits. As such, urban planning management 
decisions can have an influence on inhabitants, 
including health outcomes. Decisions made 
by federal, municipal and local authorities on 
urban planning agendas, as well as approval 
of land-use distribution, development plans 
and placement of activities in certain areas 
have long-term effects on its inhabitants (Kent 
& Thompson, 2012). Thompson and McCue 
(2016) supported the idea that planning for 
healthy living is an inter-sectoral collaboration 
effort. When addressing health issues, including 
physical inactivity and obesity, one cannot 
deny the fact that partnerships between health 
professionals and planners (Thompson, 2007) in 
Malaysia will have an advantage. 

Food environment characteristics that need 
to be prioritised and improved are to ease of 
access to and low selection of healthy food, 
such as low-fat products, meat and seafood 
within neighbourhood areas. A viable solution 
is establishing something similar to the farmer’s 
market as practised in the U.S. and across 
Europe, bringing nutritious and fresh food to 
neighbourhoods that is lower in socioeconomic 
status, while increasing the selection of healthy 
food in the community. 

In Malaysia, such activities (the selling of 
fresh fruits, vegetables, meat and seafood) can 
be observed at the local morning wet markets 
and pasar tani across neighbourhoods, or even 
some pasar malam. These local fresh outlets 
can be improved through incentives for more 
farmer participation and strategic placement 
of markets across neighbourhoods. The local 
authorities can also use this platform to spread 
awareness of healthy eating and urban farming 
through mobile educational programmes. 
Even supermarkets offer a selection of healthy 
products, but accessibility may be limited to the 
upper socio-economic section of society.

On the other hand, the characteristics of 
built environment that need attention are the 
provision of shade and presence of natural 

attractions on streets, to encourage walkability. 
Next, Khasef (2011) found that the traditional 
residential layout plans of having more alternate 
routes to go home increase the walkability of 
neighbourhoods. Furthermore, for areas with 
many cul-de-sacs, there should be connecting 
walkways so pedestrian is still able to get to their 
desired destinations via non-motorised vehicles 
(Lamíquiz & López-Domínguez, 2015). The 
design of routes for motorised vehicles within 
neighbourhoods can also minimise non-
residents’ mobility, so as to reduce the number 
of suspicious vehicles and also control the air 
pollution caused by traffic within the area.

Strategic placement of desired destinations 
can create a sense of presence to improve 
inhabitants’ perceptions of their neighbourhood 
environments, which then encourages better diet 
quality and increases physical activity level, as 
well as achieving a normal BMI. It is important 
for healthy food stores, for example, to have a 
presence by being strategically placed within 
neighbourhoods where inhabitants feel closer to, 
rather than have a high density of healthy food 
stores within a neighbourhood, which are either 
not within close proximity to residential areas, 
or that it was not strategically placed to enhance 
visibility. As such, a neighbourhood can have a 
low density of healthy food stores. However, if 
the placement of such activity is calculated and 
planned, it could still deliver good results on 
increasing inhabitants’ health. 

From the above discussion, it highlights 
the importance of gauging the opinions and 
perceptions of inhabitants when drawing 
up context-specific improvement plans and 
programmes. The usage of self-reported 
perceptions in this study to understand the 
environmental characteristics that matters to 
the prediction of a person’s BMI showed that 
social participation and inclusion should be an 
essential part in achieving spatial liveability. 
Understanding the root of problem from the 
inhabitants of the neighbourhood, which urban 
planners aim to plan for, is not only cost-
effective, but also saves time and are largely 
more successful than using the trial-and-error 
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method to remedy problems such as health-
related issues (Adams & Tiesdell, 2012). Area-
specific inhabitants can tell urban planners and 
decision-makers on where improvements can be 
made and should be made, hence, facilitates in 
the reimagining and reinvention of spaces, while 
strengthening the people-place connection in the 
process. As mentioned by Adams and Tiesdell 
(2012), this is one of the main keys to improve 
inhabitants’ quality of life.

Limitations
As the obesity phenomenon is a complex 
association between human behaviour and their 
environments, the following study limitations 
could not be avoided. Firstly, the study did not 
collect data of where the respondents procure 
their food. This is because it was thought to be 
a “consumer” factor of food environment data 
at an individual level, which was outside the 
scope of the study. Hence, for instance, even 
though there is a high presence of unhealthy 
food stores within close proximity to where the 
respondents live, the study is unsure if they do 
procure and consume the food from those stores. 
As pointed out by Hillier et al. (2013), there are 
people who are willing to travel outside their 
neighbourhoods to access and consume healthy 
food. Consequently, the source of their diet 
quality is unknown in this study.  

The same goes to the exertion of physical 
activity in the study. Although the study does 
know how much and when the respondents 
carry out physical activities, i.e. during work, 
or travelling to destinations, or during leisure 
time; the study do not question where do they do 
these activities. physical activities during leisure 
time, for example, can be done at the park in 
their own area or at the neighbouring park, or 
at a gym. If most leisure time physical activities 
are done at gyms instead of outdoor parks, for 
example, it defeats the purpose of focusing on 
neighbourhood recreational park enhancements. 
As the study did not collect data on this aspect, 
it is highly recommended for future studies 
to include it when explaining BMI through 
environmental and behavioural studies.

Secondly, the study generalises the 
categories of “food store type” based on previous 
studies done in Western countries, whereby 
supermarkets and grocery stores were deemed 
as healthy food stores, while convenience stores 
and fast food restaurants were ascertained as 
unhealthy food stores. As mentioned earlier, 
when doing assessment, it is recommended to 
use a local data set to better reflect the situation 
of the study area. In conjunction to that, it 
is observed that there is an increase of food 
environment studies that specifically examine in-
store observations, such as the study conducted 
by Rose et al. (2009), which better identify what 
those stores offer or sell, and thus can determine 
the level of “healthiness” for the food store type 
in question, specifically for the study area.

This is particularly true as Kelly et al. 
(2014) highlighted that in the case of Thailand, 
which is a neighbouring country of Malaysia, 
people who make frequent visits to supermarkets 
and convenience stores were found to consume 
more unhealthy food, such as snacks, instant 
pre-packaged food and soft drinks, resulting in 
poorer diet quality. It is to note that in Southeast 
Asia, wet markets are more prevalent than 
in other regions. And the majority of items 
sold in those wet markets are fresh and raw 
food produce. Hence, in the circumstance of 
Malaysia, supermarket chains might not be as 
healthy as it seems when compared with local 
wet markets, which brings to the idea that 
perhaps supermarkets and wet markets should 
be examined separately in future studies. 

Apart from that, the study was also unable to 
pin point if non-fast food restaurants in Malaysia 
can be categorised as a healthy or unhealthy 
food provider. This is because, for example, 
a non-fast food restaurant or stall in Malaysia 
could be offering an all-fried food menu, such 
as fried banana fritters, which are very high in 
fat and calories. As such, it is recommended 
for future studies to explore the area of in-store 
survey as part of the food environment aspect as 
it is important for diet quality influence. 



BMI, PERCEIVED ENVIRONMENT AND HEALTH BEHAVIOURS  	 203

Journal of Sustainability Science and Management Volume 16 Number 7, October 2021: 190-208

Conclusion
By estimating the food and built environment 
simultaneously, at least a small part of the 
cause of the obesity epidemic in Malaysia can 
now be explained. Not only did this study has 
identified the environmental characteristics that 
are significant in influencing a person’s BMI 
through gauging self-reported perceptions, but it 
has also detected areas that needs to be improved. 
The findings of this study pointed out that the 
food and built environments in Malaysia at the 
moment are facilitating the obesity phenomenon. 
Moreover, with significant correlations found 
between the food and built environments, this 
denotes that both environments need to be 
planned concurrently so that it complements 
each other in creating a healthier spatial area.

The causal model produced in this study 
can be incorporated into a larger-scale model 
linking environmental characteristics to health 
behaviours and health outcomes. It provides 
a foundation that can be further enhanced, 
elaborated or modified to suit the assessment 
of other environmental settings, such as school 
or workplace environments. Apart from that, 
as pointed out by Thompson (2007), the 
environmental causal model is able to aid in 
future identification of potential health impacts 
(specifically diet quality, physical activity and 
BMI for the context of this study) before the 
approval of development plans. As such, an 
environmental health-related causal model, such 
as the one produced by this study, can be used to 
improve or influence future planning policies in 
an effort to create healthier living spaces.
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