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Abstract
Introduction  The prevalence of overweight and obesity in Malaysia has reached historically high levels, with 
particularly high rates observed in Putrajaya, the administrative capital of the country. Despite this, limited attention 
has been given to the role of the local food environment in shaping dietary behaviours within the Putrajaya 
community. This study aimed to assess the healthfulness and spatial configuration of the food environment in 
Putrajaya.

Methods  This observational study evaluated the food environment in Putrajaya, Malaysia, using the Nutrition 
Environment Measures Survey for Stores (NEMS-S) and Restaurants (NEMS-R). All food stores and eateries were 
assessed for the healthy food options. Kernel Density Estimation was applied to examine spatial clustering patterns of 
relatively healthy and unhealthy food environments.

Results  A total of 80 food stores and 665 eateries were assessed. Supermarkets achieved the highest NEMS-S scores, 
with a median total score of 27.0 (IQR: 19.0), driven primarily by availability sub-scores (20.0; IQR: 14.0) rather than price 
incentives (3.0; IQR: 3.0). Although 80.5% of stores stocked whole-wheat bread, only 6.5% offered lean meat options, 
and price favouring healthier alternatives scores were consistently low across all store types (range: 2.0-3.5).
For restaurants, aggregate NEMS-R scores indicated limited healthfulness across outlet types, with 24-hour 
restaurants recording the highest median score (5.0; IQR: 1.0). While 87.3% of eateries provided at least one healthy 
main dish, only 0.5% offered low-fat milk. Facilitators supporting healthy choices were absent across outlets 
(median:0.0), and barriers to healthy eating sub-scores were negligible (median:0.0), indicating limited structural 
support within the restaurant food environment to promote healthier choices.
Spatial analysis identified clustering of healthy food environments in Precincts 1, 14, 15, and 16. However, 
density mapping demonstrated substantial spatial overlap and adjacency between healthy and unhealthy food 
environment clusters, indicating that healthier food access is embedded within a broader obesogenic environment. 
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Introduction
The food environment refers to the context in which 
individuals acquire and consume food, shaped by the 
food availability, accessibility, and affordability. It serves 
as a critical interface between the broader food system 
and individual dietary behaviour and is influenced by a 
dynamic interplay of physical factors such as the den-
sity of food outlets, economic elements such as pricing, 
regulations around food safety and marketing, as well as 
the sociocultural influences that shape preferences and 
dietary norms [1, 2]. Collectively, these elements deter-
mine the accessibility, affordability, and acceptability 
of food options within a community and, in turn, shape 
population-level consumption patterns.

With the rising prevalence of non-communicable 
diseases (NCDs), the health implications of the food 
environment have gained increasing attention [3]. Com-
munities characterised by high densities of fast-food 
outlets, convenience stores, and takeaway restaurants 
consistently report high obesity prevalence and related 
adverse health outcomes [4–9]. Such environments are 
commonly described as food swamps, defined by the pre-
dominance of energy-dense, nutrient-poor foods relative 
to healthier alternatives.

Evidence from Malaysia, Vietnam, and Indonesia indi-
cates that many urban neighbourhoods in Southeast Asia 
are characterised by high concentrations of fast-food res-
taurants, convenience stores, and sweetened beverage 
outlets located in proximity to residential areas, schools, 
and workplaces [10]. Rapid urbanisation, motorisation, 
and the expansion of commercial food retail over the past 
two decades have substantially reshaped local food envi-
ronments across the region [11]. Traditional wet markets 
and home-prepared meals are increasingly supplemented 
or displaced by convenience stores, fast-food outlets, 
processed or pre-prepared food, and sweetened bever-
ages [12]. 

Importantly, food swamps in Southeast Asia may differ 
structurally from those described in Western settings due 
to the prominence of hawker stalls, night markets, and 
24-hour eateries [13]. High-calorie and processed foods 
are becoming increasingly accessible, and a substan-
tial portion of the urban population regularly consumes 
items from the informal food sector [14]. Extended expo-
sure to unhealthy food options beyond conventional 
operating hours further increases temporal access to 
energy-dense foods and may reinforce late-night eating 

behaviours, which have been consistently linked to a 
higher risk of overweight and obesity [15]. 

According to the Theory of Planned Behaviour (TPB), 
behaviour is driven by intention, which is shaped by 
attitudes towards the behaviour, subjective norms, and 
perceived behavioural control. Within this framework, 
the food environment functions as a critical contextual 
determinant influencing all three constructs simulta-
neously. A supportive food environment characterised 
by greater availability, accessibility, and affordability of 
healthier food options fosters more favourable attitudes 
towards healthy eating by increasing its perceived con-
venience and benefits, normalises healthier choices, and 
enhances perceived control over food selection, thereby 
shaping subjective norms and increasing the likelihood 
that healthy intentions translate into actual behaviour 
[16]. Conversely, obesogenic food environments char-
acterised by the pervasive availability and affordability 
of energy-dense and sugary food undermine these TPB 
constructs by reinforcing positive attitudes towards 
unhealthy options, normalising their consumption, and 
constraining perceived behavioural control through avail-
ability, convenience, and pricing [15, 17]. This dynamic 
ultimately promotes unhealthy dietary behaviours [18]. 
Consistent evidence indicates that residents of such obe-
sogenic environments exhibit poorer dietary habits and 
experience adverse health outcomes. [5, 6, 19]

Mirroring global trends, the Malaysian food environ-
ment is characterised by the widespread availability of 
energy-dense foods across both formal and informal 
retail settings, while healthier options are often less visi-
ble, less affordable, and less competitively promoted [20]. 
According to the National Health and Morbidity Survey 
(NHMS) 2023, 52.9% of Malaysian adults are classified as 
overweight or obese, placing Malaysia among the coun-
tries with the highest prevalence in Southeast Asia [21]. 
Notably, Putrajaya, Malaysia’s federal administrative capi-
tal, reported among the highest prevalence nationwide, 
with more than 61.3% of its adult population affected 
[21]. Despite relatively high health literacy levels and a 
built environment that supports physical activity, the 
persistently elevated prevalence of overweight and obe-
sity in Putrajaya suggests that dietary behaviours shaped 
by the local food environment may be a critical contrib-
uting factor [22]. 

However, to date, no comprehensive assessment of 
the food environment in Putrajaya has been conducted 
using validated audit instruments such as the Nutrition 

Conclusion  The findings indicate the presence of food swamp–like conditions in Putrajaya, characterised by 
the dominance and spatial salience of unhealthy food environments despite apparent outlet diversity. Targeted 
policy, community-based, and urban planning interventions are warranted to improve the healthfulness of food 
environments in Putrajaya.
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Environment Measures Survey (NEMS). This absence of 
robust, context-specific evidence constrains the develop-
ment of targeted public health nutrition interventions 
and informed urban planning strategies. Accordingly, the 
present study aimed to describe the healthfulness and 
spatial configuration of the food environment in Putra-
jaya, providing a basis for understanding its potential 
public health and policy relevance.

Methods
This research was conducted in Putrajaya, Malaysia. 
Established in 1995, Putrajaya spans approximately 4,900 
hectares and is a planned city developed based on the 
“garden city” concept, characterised by integrated land-
use planning that balances government offices, residen-
tial areas, greenery, and protected wetlands [23]. With a 
population estimated at 119,200, predominantly govern-
ment employees, its distinct planning framework and 
demographic profile make it a unique study setting [24]. 

An observational study was employed to assess the 
health-supportiveness of the food environment in Putra-
jaya using the Nutrition Environment Measures Survey 
for Stores (NEMS-S) and Restaurants (NEMS-R).25,26 
Data were collected at a single point in time, between 
June and July 2024, to provide a snapshot of food outlet 
characteristics within the study area. The sampling frame 
included all operating food outlets in Putrajaya during 
the data collection period, categorised as: (1) food stores, 
including supermarkets, grocery stores, convenience 
stores, and fresh markets; and (2) eateries, including 
restaurants, 24-hour restaurants, coffee shops, bakeries, 
fast-food outlets, and hawker stalls.

Data preparation
An initial list of food establishments in Putrajaya was 
obtained from the governing body, the Putrajaya Corpo-
ration, through its online database. The list was cross-val-
idated using additional sources, including meal delivery 
service platforms and relevant social media pages, to 
enhance data accuracy and completeness. All eligible 
food outlets within the predefined geographic bound-
ary were included, and no sampling or random selection 
was performed. Outlets that were permanently closed 
or inaccessible during the study period were excluded. 
This census-based approach minimised selection bias 
and ensured comprehensive coverage of the local food 
environment.

All food establishments were geocoded using online 
mapping sources, Google Maps. The resulting latitude 
and longitude coordinates were visually inspected using 
Google Street View and further validated through on-site 
verification with handheld GPS devices or mobile map-
ping applications using real-time satellite positioning. 
Coordinates were manually cross-verified against base 

maps in ArcGIS to ensure spatial accuracy. Spatial joins 
and density analyses were conducted at the precinct level, 
corresponding to Putrajaya’s administrative boundaries, 
thereby reducing the risk of geographic misclassification.

Two trained raters conducted the food environment 
assessments to minimise observer bias and misclassifi-
cation. Both raters underwent standardised training and 
calibration exercises to ensure consistent interpretation 
of the NEMS scoring criteria. Each establishment was 
visited and assessed simultaneously by both raters. To 
minimise observation bias, raters maintained discretion 
during assessments to avoid altering retailers’ usual prac-
tices. Observations were recorded manually for each food 
outlet. Outlets that were closed at the initial visit were 
revisited, and those remaining closed after two separate 
visits during the study period were excluded. Audit forms 
were reviewed by the principal investigator for complete-
ness and consistency before data entry.

Nonetheless, while the NEMS tool provides a struc-
tured method for evaluating the healthfulness of food 
outlets, several sources of uncertainty may affect inter-
pretation of the findings. Food items not explicitly 
labelled as whole-grain, reduced-sugar, or reduced-fat 
were classified as not meeting the healthy criteria under 
the NEMS tools. Items that were temporarily out of 
stock on the day of assessment were treated as unavail-
able. Additionally, menu offerings can vary daily and 
outlet operational hours may limit the availability of 
certain items at the time of data collection. For eateries 
offering composite dishes, scoring was based on the pre-
dominant ingredient and preparation method observed 
at the time of assessment, regardless of the portion size. 
Besides, some outlet types, such as 24-hour restaurants 
or late-night eateries, may have been underrepresented, 
potentially limiting the generalisability of the results. 
Furthermore, observer judgement, despite standardised 
training, may also introduce minor variability in scor-
ing. Therefore, while the observed scores provide useful 
insights into the local food environment, they should be 
interpreted as approximations of relative healthfulness 
rather than absolute measures, and conclusions regard-
ing residents’ dietary exposure should be drawn with 
caution.

Following data collection, all observations were 
cleaned and entered into two independent databases. 
Inter-rater agreement was assessed by comparing scores 
between raters, yielding a high level of consistency (99% 
agreement). When discrepancies occurred, particu-
larly regarding item availability, pricing, or facilitators 
and barriers to healthier eating, an adjudication pro-
cess was undertaken. This involved a joint review of the 
item against the NEMS scoring guidelines and support-
ing field notes. Where consensus could not be reached, 
menu documentation was consulted, and a final decision 
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was made based on predefined NEMS criteria. The adju-
dicated score was used for analysis. For discrepancies in 
food quality scores, the mean of the two ratings was used 
as the final value. This process enhanced scoring reliabil-
ity and minimised measurement error across outlets.

Study instrument
NEMS-S and NEMS-R were employed to evaluate the 
food environment of Putrajaya in this study. Both instru-
ments have demonstrated high reliability and validity, 
with Kappa values for inter-rater and intra-rater reliabil-
ity above 0.80 and 0.72, respectively, in previous stud-
ies [13, 14]. The NEMS tools have been widely adopted 
internationally to evaluate the healthfulness of food envi-
ronments across diverse countries and settings, including 
in the US, Chile, Iran, China, and Australia [25–29]. 

NEMS-S assesses the availability of healthy food 
options in food stores by evaluating three key compo-
nents: availability (score range 0–30), price (score range 
− 9 to 18), and quality (score range 0–6) of ten food items 
considered important for a nutritious diet. These items 
include fresh fruits and vegetables, skim or low-fat milk, 
lean ground beef, low-fat hot dogs, reduced-calorie fro-
zen dinners, diet or low-calorie soda, 100% juice, lower-
fat baked goods, 100% whole grain bread, and baked or 
low-fat snack chips [30]. The total NEMS-S score, calcu-
lated by summing availability, quality, and price, ranges 
from − 8 to 54, with higher scores indicating a healthier 
food environment.

Comparably, NEMS-R assesses the availability of 
healthy food options at restaurants. Its scoring includes 
the availability of healthy meal options, including main 
dishes/entrées, salads, non-fried vegetables, fruits, whole 
grain bread, baked chips, and low-calorie/low-fat bever-
ages, with a score range of 0 to 15; facilitators of healthy 
eating (0–8); barriers to healthy eating (-5–0); and the 
presence of a healthy kid’s menu (-3–9). The total NEMS-
R score ranges from − 8 to 30, with meals classified as 
healthy if they meet predefined nutritional criteria [31]. 

In this study, the original NEMS-S and NEMS-R 
instruments were applied without modification. The 
NEMS tools conceptually align with the Malaysian 
Dietary Guidelines (MDG), which emphasise fruits and 
vegetables, whole grains, lean proteins, reduced-fat and 
reduced-sugar options, and healthier preparation meth-
ods [32]. Hence, retaining the original NEMS structure 
enables international comparability while providing 
locally relevant insights into the healthfulness of Putraja-
ya’s food environment and ensures methodological rigour 
and reduces measurement bias. A summary compari-
son between the NEMS instruments and the Malaysian 
Dietary Guidelines is presented in Appendix.

For this study, the ‘healthy kid’s menu’ category was 
omitted from the assessment because the focus was on 

characterising the adult consumer food environment. 
Children’s menus target a different population, with dis-
tinct portion sizes, pricing, and promotional strategies, 
and including them would create a misalignment with 
the study focus. The total NEMS-R score without the 
kid’s menu ranges from − 5 to 23.

Data analysis
Sub-scores were then developed based on the availability, 
price, and quality of food items for NEMS-S and on the 
availability of healthy options, facilitators encouraging 
healthy eating, and barriers to healthy food choices for 
NEMS-R. The cumulative score for each food establish-
ment was calculated by summing the sub-scores across 
various categories. Normality was assessed, and descrip-
tive statistics were reported as means or medians, as 
appropriate.

For descriptive mapping purposes, outlets were cat-
egorised into tertiles based on their NEMS total scores 
to illustrate spatial variation in healthy food availability. 
This tertile-based grouping followed established meth-
odological precedent rather than arbitrary cut-off values, 
thereby maintaining analytical objectivity [33]. Guided 
by the interpretation of Carins and Rundle-Thiele, a cut-
off of 45% of the maximum attainable NEMS score was 
used, whereby establishments scoring at or above 45% 
were classified as healthy food environments, while those 
scoring below 45% were classified as unhealthy, reflect-
ing weak support for healthy eating [33]. Each outlet was 
mapped using ArcGIS software to visualise the spatial 
distribution of healthy and unhealthy food environments 
across Putrajaya. Kernel density estimation, conducted 
through the Spatial Analyst tool in ArcGIS, identified 
high-density areas of healthy and unhealthy food envi-
ronments, allowing detailed analysis of spatial clustering 
patterns.

This study was approved by the Ethics Committee for 
Research Involving Human Subjects, Universiti Putra 
Malaysia (JKEUPM-2024-354). Data collection involved 
publicly accessible food establishments, and no protected 
or privately restricted lands were accessed.

Results
A total of 99 geocoded food stores were initially identi-
fied. Of these, 19 were excluded due to geocoding dupli-
cation (n = 4), location within private compounds (n = 6), 
classification as home-based enterprises (n = 3), tempo-
rary cessation of operations (n = 2), or permanent clo-
sure (n = 4). The final analysis included 80 food stores, 
comprising four supermarkets, 36 grocery stores, 30 
convenience stores, and 10 fresh markets, including wet 
markets, butcher shops, and greengrocers.

Among these stores, items such as whole-wheat bread 
(80.5%), diet soda or 100% juice boxes (79.3%), low-fat 
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milk (77.9%), low-sugar cereals (71.4%), and low-fat 
hot dogs (71.4%) were more readily available across the 
stores. In contrast, vegetables (50.7%) and fruits (41.6%) 
were less frequently available. The most commonly 
stocked vegetables were choy sum (sawi), tomato, and 
cabbage, while the most common fruits were oranges 
and bananas, followed closely by apples and pineapples. 
Some healthy food items were less common in these 
stores, including low-fat frozen dinners (44.2%), low-fat 
baked products (6.5%), lean meat (5.2%), and baked chips 
(2.6%).

In addition, the availability of healthy food items was 
documented by food store type, as presented in Table 1. 
All supermarkets, as well as the majority of convenience 
stores and grocery stores, offered low-fat milk, diet soda, 
100% juice, low-fat hot dogs, whole-wheat bread, and 
low-sugar cereals. Supermarkets, fresh markets, and 
grocery stores were the primary stores offering fruits 
and vegetables. Some convenience stores also carried 
low-fat frozen dinners. Nevertheless, lean meat options 
were comparatively limited; although certain supermar-
kets and fresh markets sold lower-fat cuts of meat, these 
products were generally offered without accompanying 
nutritional labelling.

The NEMS-S scores data were not normally distrib-
uted, as indicated by both the Kolmogorov-Smirnov and 
Shapiro-Wilk tests (p < 0.05). Visual inspection of the his-
togram revealed a right-skewed distribution, which was 
further supported by the stem-and-leaf plot, box plot, 
and Q-Q plot, all indicating deviation from normality.

Overall, supermarkets demonstrated the most favour-
able food environment profile, with the highest median 
total score (27.0, IQR: 19.0), driven primarily by substan-
tially higher availability scores (median: 20.0, IQR: 14.0) 
relative to other store types. It is followed by convenience 
stores and grocery stores, with median total scores of 
15.0 (IQR: 6.0) and 14.5 (IQR: 13.0), respectively. Fresh 

markets recorded the lowest median total score (12.0, 
IQR: 8.0), largely reflecting lower availability scores 
(median: 6.0, IQR: 4.0), despite achieving comparable 
quality scores to grocery stores (median: 4.0, IQR: 6.0). 
Table  2 summarises the overall NEMS-S sub-score and 
total scores.

Moreover, a total of 665 food eateries were included 
in this study, comprising 404 restaurants operating dur-
ing regular hours, 13 restaurants that operated 24 hours, 
74 coffee shops, 27 bakeries, 110 hawker stalls, and 37 
fast-food outlets. Among the healthy items available, 
87.3% of eateries served at least one healthy main dish/
entrée, including rice, cereals, fish, poultry, meat, eggs, 
legumes, tofu, and tempeh; 25.4% provided salad; and 
22.3% offered non-fried vegetables. Additionally, 19.5% 
of eateries offered 100% juice, 7.4% served low-fat salad 
dressings, 4.5% included fruits, 1.4% offered whole-grain 
bread, 1.1% served baked chips, and 0.5% included low-
fat milk options on their menu.

Table  3 presents the percentages of healthy food 
options available across different types of eateries in 
Putrajaya. Notably, restaurants served all the listed 
healthy food items. Many 24-hour restaurants included 
main dishes/entrées, non-fried vegetables, whole-grain 
bread, and 100% juice on their menus. Additionally, most 
coffee shops that serve Western-style cuisines would 

Table 1  Percentage of healthy food items sold by each type of 
food store
Type of food Supermar-

ket (%)
Grocery 
store (%)

Conve-
nience 
store (%)

Fresh 
mar-
ket 
(%)

Low-fat milk 100 80.6 86.7 25.0

Fruits 100 55.6 16.7 50.0

Vegetables 100 69.5 16.7 75.0

Lean meats 25.0 2.8 0 37.5

Low-fat hot dogs 100 63.9 83.3 50.0

Low-fat frozen dinners 75.0 13.9 80.0 75.0

Low-fat baked goods 100 2.8 13.3 50.0

Diet soda/100% juice 100 80.5 93.3 50.0

Whole-wheat bread 50.0 77.8 100 12.5

Low-fat chips 50.0 19.4 0 0

Low-sugar cereal 100 58.3 100 12.5

Table 2  Overall score and the availability, quality, and pricing 
sub-scores for each type of food store
Type of food 
store

N Median 
score for 
availability 
(IQR)

Median 
score for 
quality 
(IQR)

Median 
score 
for price 
(IQR)

Median 
total 
score 
(IQR)

Supermarket 4 20.0 (14.0) 6.0 (4.0) 3.0 (3.0) 27.0 (19.0)

Grocery store 36 10.0 (7.0) 4.0 (2.0) 2.5 (5.0) 14.5 (13.0)

Convenience 
store

30 11.0 (1.0) 0.0 3.5 (6.0) 15.0 (6.0)

Fresh market 10 6.0 (4.0) 4.0 (6.0) 2.0 (3.0) 12.0 (8.0)

Table 3  Percentage of healthy food items sold by each type of 
eatery
Type of food Res-

tau-
rants, 
%

24-hour 
restau-
rants, %

Coffee 
shops, 
%

Hawk-
er 
stalls, 
%

Fast-
food 
out-
lets, %

Healthy main dish/
entrée

94.6 100 81.7 66.2 3.0

Main dish vegetables 34.4 75.0 9.2 2.7 23.7

Non-fried vegetables 30.0 75.0 17.1 2.7 0

Low-fat salad 
dressing

10.5 0 7.9 0 0

Fruits 7.1 0 1.3 0 0

Baked chips 1.7 0 0 0 0

Whole-grain bread 1.0 8.3 0 0 10.5

100% juice 26.3 75.0 17.1 0 0

Low-fat milk 0.7 0 0 0 0
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include healthy main dishes/entrées, salad, fruits, and 
100% juice on their menus. Comparatively, most hawker 
stalls primarily offered snacks and fast food, with only 
a few featuring healthy main dishes/entrées and non-
fried vegetables. Among fast-food outlets, some offered 
healthy main dishes/entrées, salad, and whole-grain 
bread.

Similarly, NEMS-R scores data also exhibited a non-
normal distribution. The median NEMS-R scores across 
different types of food eateries in Putrajaya indicated lim-
ited support for healthy eating (Table  4). Availability of 

healthy options was generally low, with 24-hour restau-
rants scoring highest (median: 5.0, IQR: 1.0), followed by 
restaurants and coffee shops (median: 3.0, IQR: 2.0), fast-
food outlets (median: 3.0, IQR: 1.0), and hawker stalls 
(median: 1.0, IQR: 2.0). Bakeries scored 0.0, reflecting an 
absence of healthy food options. Median scores for facili-
tators of healthy eating were 0.0 across all outlet types, 
indicating minimal environmental support to encour-
age healthy food choices, while barriers were negligible, 
except in fast-food outlets (median: 1.0, IQR: 1.0). Cor-
respondingly, median total scores were low, with 24-hour 
restaurants achieving the highest (median: 5.0, IQR: 
1.0) and bakeries the lowest (0.0), highlighting a largely 
unsupportive food environment in Putrajaya.

Based on a 45% NEMS threshold, 15 food establish-
ments (2.01%) were classified as representing a healthy 
food environment. There are 3 supermarkets, 7 grocery 
stores, and 5 restaurants. The map below illustrates the 
spatial distribution of food stores and eateries, according 
to their scores, in relation to residential areas in Putrajaya 
(Fig. 1).

Figure 1 illustrates the spatial distribution of food 
establishments, including both food stores and eater-
ies, in Putrajaya. The point sizes in the spatial data rep-
resent NEMS-S and NEMS-R total scores, with smaller 
symbols indicating lower scores. Overall, food establish-
ments were clustered in the northern area, at Precincts 1, 
2, 9, 11, 14, 15, and 16, whereas they were more dispersed 
across the southern area, at Precincts 3, 4, 6, 17, and 18. 
Most food establishments are concentrated in shopping 
malls and commercial zones, with some located in office 
and residential areas. The density of both healthy and 
unhealthy food environments is then illustrated in the 
maps below (Fig. 2a and b).

Figure 2 further delineates the density of healthy and 
unhealthy food environments in Putrajaya. Dark blue 
areas in Fig.  2a indicate the highest density of healthy 
food environments, with gradually lighter shades rep-
resenting lower densities. Contrarily, dark red areas in 
Fig. 2b depict the highest density of unhealthy food envi-
ronments, with the shades becoming lighter as the den-
sity diminishes.

Table 4  Median total score and sub-scores for each category of availability, facilitators, and barriers to healthy eating in food eateries 
in Putrajaya
Type of eateries N Median score for the avail-

ability of healthy eating 
options (IQR)

Median score for the 
facilitator of healthy eat-
ing (IQR)

Median score or barrier 
to healthy eating (IQR)

Median 
total 
score 
(IQR)

Restaurant 404 3.0 (2.0) 0.0 0.0 3.0 (2.0)

24-hour restaurant 13 5.0 (1.0) 0.0 0.0 5.0 (1.0)

Coffee shop 74 3.0 (2.0) 0.0 0.0 3.0 (2.0)

Bakery 27 0.0 0.0 0.0 0.0

Hawker stall 110 1.0 (2.0) 0.0 0.0 1.0 (2.0)

Fast-food outlets 37 3.0 (1.0) 0.0 1.0 (1.0) 2.0 (2.0)

Fig. 1  Spatial distribution of food stores and eateries in Putrajaya; squares 
denote the location of food stores, while dots show the location of the 
eateries. The size of the dot/square was based on the total score, with a 
smaller size indicating a lower score
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Based on the map, the highest density of healthy food 
environments was observed between Precincts 1 and 15, 
in Precinct 3, and between Precincts 5 and 6. Unhealthy 
food environments were concentrated mainly across Pre-
cincts 1 and 16, 2, 3, 9, and 11, as well as between Pre-
cincts 14 and 15.

Furthermore, the figure also reveals substantial spatial 
overlap between clusters of healthy and unhealthy food 
environments. Areas identified as having higher densities 
of healthy food environments are not spatially distinct 
from areas with high densities of unhealthy environ-
ments. Instead, both environments co-locate within the 
same neighbourhoods. Importantly, within these over-
lapping clusters, unhealthy food environments are more 
widespread and spatially dominant, creating a setting 
where unhealthy food environments outweigh healthier 
alternatives.

Discussion
The availability of healthy food options is a central 
dimension of the food environment, as it reflects the 
structural conditions that enable or constrain healthy 
dietary choices within local food landscapes. Using the 
NEMS-S framework, supermarkets emerged as the most 
health-supportive food outlets, offering a broader selec-
tion of fresh produce and healthier processed items, such 

as canned and frozen foods, compared with other retailer 
types. This pattern is consistent with previous studies 
[34]. Typically located in urban centres, supermarkets 
cater to a broad consumer base and offer a substantial 
number of imported products, emphasising product 
quality, freshness, and perceived value [35, 36]. 

Nevertheless, in Southeast Asia, supermarkets are 
reshaping the urban food environment [11]. While they 
can enhance access to healthy options such as fresh pro-
duce, they simultaneously increase the availability and 
promotion of energy-dense, processed foods, snacks, 
instant meals, and soft drinks [11]. This dual effect may 
drive unhealthy dietary behaviours, particularly when 
healthier options are unaffordable or culturally less pri-
oritized [37]. Rapid supermarket expansion is therefore 
a key driver of the region’s broader nutrition transition, 
accelerating shifts toward more processed and conve-
nience-oriented diets, with implications for rising over-
weight and obesity prevalence [38]. 

Another rapidly growing food outlet in Asia is the 
convenience store [39]. Contrary to earlier studies, 
convenience stores in this study demonstrated greater 
health-supportiveness than grocery stores [40, 41]. The 
rapid expansion of convenience store chains in Malaysia 
has enabled these outlets to diversify their product offer-
ings to include ready-to-eat salads, healthier snacks, cut 

Fig. 2  Kernel density of (a) healthy and (b) unhealthy food environments in Putrajaya

 



Page 8 of 13Noor et al. BMC Public Health         (2026) 26:1738 

fruits, and selected frozen meals [40, 42]. Strong sup-
plier networks, centralised distribution systems, and 
economies of scale allow convenience stores to maintain 
a broader selection of healthy food options [35]. Fur-
thermore, their ‘on-the-go’ business models align closely 
with the time constraints and consumption patterns of 
Malaysia’s working population, for whom convenience is 
a dominant factor in food choice [35, 40, 43]. 

In contrast, grocery stores are predominantly small, 
family-operated outlets situated within neighbourhood 
areas, providing convenient access to essential food items 
in small quantities [35]. However, the higher costs associ-
ated with sourcing, storing, and preserving fresh produce 
limit their capacity to offer healthier options. As a result, 
these outlets tend to prioritise processed and packaged 
foods with longer shelf lives, reflecting both economic 
constraints and local food safety perceptions, where visi-
bly substandard foods are often regarded as unsafe by the 
local consumers [44–46]. Consequently, although gro-
cery stores enhance geographic food access, their limited 
availability of healthier items may unintentionally rein-
force less nutritious dietary patterns among residents.

Fresh markets, while primarily specialising in fruits, 
vegetables, and fresh protein sources, recorded lower 
overall NEMS-R scores due to their limited availability 
of other nutrient-dense food groups such as dairy prod-
ucts, plant-based alternatives, and grains. Nevertheless, 
their role in safeguarding access to fresh produce remains 
critical in many Asian countries [12]. Their offerings 
often align closely with traditional Asian food cultures 
and consumption habits, and their neighbourhood-
based locations enhance walkable access, supporting 
frequent food purchasing patterns that reduce reliance 
on ultra-processed or long-shelf-life foods [11]. By pro-
viding affordable fruits, vegetables, and protein sources, 
fresh markets continue to support core components of 
a balanced diet and play an important role in sustaining 
healthy eating practices and local food systems [47]. 

With regard to food eateries, the results demonstrate 
that the majority of eateries, including restaurants, 
24-hour restaurants, coffee shops, and hawker stalls, 
predominantly offer nutritionally imbalanced meals, a 
pattern consistent with previous evidence on eating-out 
practices in urban Asian settings [48]. 

Compared with other types of eateries examined in this 
study, 24-hour restaurants, most of which are ‘mamak’ res-
taurants, achieved the highest healthfulness scores, despite 
their common association with energy-dense and high-
calorie menu offerings. This comparatively better perfor-
mance may be explained by the presence of a wider range 
of menu options, including selected healthier choices such 
as non-fried vegetables, fruits, 100% fruit juice, and milk, 
which were largely absent in other dining outlets. Within 
the NEMS-R framework, these findings highlight the 

critical role of menu diversity and the provision of health-
ier alternatives in enhancing the health-supportiveness of 
food service environments. Importantly, these findings 
suggest that even food outlets not conventionally regarded 
as conducive to healthy eating can contribute positively to 
dietary quality when healthy options are made available, 
thereby highlighting potential entry points for targeted 
nutrition interventions and policy initiatives aimed at 
improving out-of-home food environments.

Lower NEMS-R scores were observed for the restau-
rant category, reflecting the limited availability of healthy 
menu options such as fruits, vegetables, whole grains, 
and low-fat alternatives. This is particularly concerning 
given Malaysia’s strong dining-out culture [35]. Never-
theless, the availability of healthy menu options in res-
taurants is strongly shaped by economic considerations, 
as ingredients such as fresh produce, lean proteins, and 
whole grains generally incur higher costs. To remain 
price-competitive and sustain profitability, food opera-
tors relied on lower-cost ingredients, thereby limiting the 
inclusion of healthy options [49]. 

In addition, low consumer demand for healthy foods, 
particularly fruits and vegetables, may further discourage 
eateries from offering such items, prompting retailers to 
prioritise more popular but less nutritious menu choices. 
[2, 50, 51] This is consistent with studies showing that 
Malaysian diners place high importance on taste, fresh-
ness, appearance, and affordability when eating out [52–
54]. However, meeting these preferences with healthier 
ingredients often entails higher costs, which may pose 
a barrier to healthy eating among individuals who fre-
quently dine out. [55, 56]

From a food environment perspective, this scarcity of 
nutritious choices may limit consumers’ ability to make 
healthful selections, particularly in contexts where res-
taurants constitute a major source of daily meals. This 
constraint is especially pronounced among Asian popula-
tions, for whom prior research has identified time con-
straints and demanding work schedules as key drivers of 
eating out or purchasing ready-to-eat meals [11]. Col-
lectively, these findings highlight the persistent lack of 
healthier eating opportunities within conventional din-
ing establishments and underscore the need for inter-
ventions that enhance the accessibility and appeal of 
nutrient-dense options.

Notably, evaluation of fast-food outlets indicated lim-
ited health-supportiveness, consistent with findings 
reported in other countries [57]. However, in contrast to 
patterns observed in many urban settings, fast-food out-
lets were not widely available in Putrajaya [58]. This sug-
gests that the local obesogenic food environment is not 
primarily fast-food-centric. Rather, everyday eating prac-
tices at commonly frequented local eateries may play a 
more substantial role in shaping dietary habits here.
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Finally, bakeries demonstrated minimal structural sup-
port for healthier food choices. None of the bakeries 
offered whole-grain alternatives, savoury pastries with 
poultry, fish, meat, or vegetable fillings, reduced-sugar 
or reduced-fat baked goods, or fruit-based options with-
out added sugar that would qualify for positive scoring 
under the NEMS-R tool. As a result, all assessed bakeries 
scored zero across availability of healthier food options, 
indicating limited capacity within this outlet category to 
support healthier dietary choices.

Importantly, the findings indicate that although certain 
neighbourhoods demonstrate spatial concentrations of 
relatively healthier food outlets, these areas commonly 
overlap with or are immediately adjacent to clusters char-
acterised by a high density of less healthy outlets. Conse-
quently, even where healthier options are available, their 
potential benefit may be attenuated by the surrounding 
dominance of unhealthy food outlets, situating healthier 
access within a broader obesogenic food environment. 
Similar spatial patterns have been documented in previ-
ous studies conducted in Malaysia and other Southeast 
Asian settings. [59, 60] This spatial configuration aligns 
with the food swamp concept, where the relative density 
and salience of energy-dense food outlets may under-
mine the functional accessibility of healthier choices, 
thereby reinforcing obesogenic consumption patterns 
despite apparent outlet diversity.

Furthermore, while fast-food outlets and convenience 
stores are often assumed to epitomise food swamp envi-
ronments, this assumption was not fully supported by the 
present findings. This observation is consistent with evi-
dence from a review indicating that the nutritional qual-
ity of foods available in fast-food and convenience store 
settings is not necessarily inferior to that offered by other 
types of food outlets [61]. Taken together, these findings 
highlight the importance of moving beyond outlet typol-
ogy alone when characterising food swamps, particularly 
in Southeast Asian urban contexts. Instead, food envi-
ronment scoring and spatial clustering of the configura-
tion of healthy and unhealthy food environments may be 
more informative indicators of obesogenic food environ-
ments. Such an approach better captures the complexity 
of urban food landscapes in the region and has important 
implications for the design of context-specific policy and 
environmental interventions.

Practical and policy implications
The consistently low NEMS-R scores across eateries in 
Putrajaya have clear practical implications for individu-
als seeking healthier meals when dining out. These scores 
reflect a restaurant environment characterised by lim-
ited availability of healthier options, minimal nutrition 
information, weak facilitators for healthy eating, and the 
presence of economic or structural barriers to healthier 

choices. For residents, this translates into constrained 
opportunities to make healthier food choices, as outlets 
rarely offer healthier substitutions such as fresh produce, 
baked chips, whole-grain bread, and low-fat milk, which 
appear to fall outside prevailing local dietary norms and 
are therefore not routinely incorporated into menus. Con-
sequently, even motivated individuals may find it challeng-
ing to eat healthily, highlighting the influence of structural 
factors within the food environment on dietary behaviour.

Other than that, the low NEMS-R scores observed in 
Malaysian food establishments may reflect a lack of pro-
motion or marketing of healthier menu options. Few 
restaurants, cafes, or hawker stalls actively highlight 
nutritious items or provide signage, menu labelling, or 
other cues to encourage healthful choices. This limited 
visibility of healthier options likely reduces consumer 
uptake and reinforces the dominance of energy-dense, 
less nutritious foods in the dining environment.

In this context, consumers must rely heavily on self-
regulation and individual knowledge to seek healthier 
options, often in the absence of supportive cues from 
the food environment. Overall, the findings indicate that 
Putrajaya’s eatery environment remains largely unsup-
portive of routine healthy eating, constraining healthier 
choices and weakening population-level dietary improve-
ment efforts.

Moreover, the spatial clustering of food environments 
identified in this study carries important policy implica-
tions for promoting healthier eating in Putrajaya. High-
density clusters of unhealthy food outlets, particularly 
in areas with limited access to fresh markets or health-
supportive eateries, indicate neighbourhoods where 
residents may be disproportionately exposed to energy-
dense, nutrient-poor foods.

A comprehensive strategy is therefore needed, encom-
passing expanded availability of nutrient-dense foods, 
removal of cost barriers, and increased public awareness. 
Currently, small retailers such as grocery stores account 
for the majority of food sales (56%), followed by super-
markets (43%), convenience stores (1%), and other outlets 
[18, 37]. Efforts should focus on increasing accessibility 
and affordability of nutritious foods, particularly fruits 
and vegetables, within grocery stores. Leveraging online 
delivery platforms can also enhance fresh produce dis-
tribution, while collaboration with retailers may improve 
engagement and coordination. Additionally, incorpo-
rating urban farming initiatives in retail and commu-
nity spaces can provide a direct supply of fresh produce, 
encourage healthier eating habits, and foster stronger 
connections between consumers and local food systems.

For eateries, the focus should be on improving the nutri-
tional quality of foods that contribute to discretionary 
calories, rather than eliminating the outlets themselves. 
Local traditional meals, which are often energy-dense, can 
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be reformulated to include more vegetables and fruits, 
lower-calorie options, and healthier cooking methods. 
Additional strategies include labelling healthier choices, 
implementing portion control, raising consumer aware-
ness, promoting moderation, and integrating public 
health initiatives to increase demand for nutritious meals. 
Specifically, fast-food outlets can offer smaller portion 
sizes, vegetable-rich sides, and lower-sugar beverages, 
while bakeries can provide whole-grain alternatives, 
lower-sugar or lower-fat products, and protein- and fruit-
based items. This approach balances public health objec-
tives with the economic viability of food vendors.

At the policy level, incentives for outlets offering 
healthier foods, coupled with taxes on less nutritious 
items and a 20% price reduction for healthier options, 
could encourage better dietary choices [62]. Revenues 
generated from these taxes could be used to support 
small-scale local farmers through incentives, supply 
assistance, and cold storage facilities, while subsidies 
for manufacturers could improve the affordability of 
healthier foods, including bread, milk, and frozen prod-
ucts. Expanding the Ministry of Health’s “Kafetaria Sihat” 
(Healthy Café) certification to more eateries can further 
promote healthier dining [63]. 

Furthermore, innovative marketing approaches, 
including food samples, recipe showcases, and healthy 
food festivals, can inspire individuals to incorporate 
more nutritious ingredients into their diets. Providing 
nutritional information on menus may also improve cus-
tomers’ perception of food quality [64]. As more consum-
ers now acquire food information online, promotion of 
healthy eating should also leverage digital channels such 
as social media and podcasts.

Finally, given the long working hours typical in Malay-
sia, promoting work-life balance is essential to support 
healthier eating habits and home-cooked meals. Afford-
able, nutritious pre-made meals and increased availability 
of fruits and vegetables should be promoted as conve-
nient alternatives to support healthy eating in urban life-
styles [65]. 

Limitations
This study examined food stores and eateries within 
Putrajaya. However, residents may not exclusively patro-
nise outlets located within their immediate neighbour-
hoods, as food purchasing and dining behaviours often 
extend beyond administrative boundaries. In addition, 
brand-switching is common in highly competitive food 
retail markets, potentially influencing exposure patterns 
that were not captured in this locality-based assessment. 
Besides, certain informal food sources, such as farmers’ 
markets and night markets, which may provide access to 
fresh produce, were also not included. Furthermore, the 
assessment tools did not account for portion sizes or the 

nutritional composition of meals in terms of caloric con-
tent, sugar, or salt, which may further influence dietary 
quality.

Moreover, although the NEMS-S and NEMS-R instru-
ments provide a structured approach to assessing food 
environments, they were developed based on Western 
dietary norms and may not fully capture Malaysia’s local 
nutrition culture and eating practices. Common staple 
foods, mixed dishes, and culturally specific prepara-
tion methods are insufficiently represented, potentially 
leading to misclassification of outlets offering culturally 
appropriate, healthier options. In contrast, items such as 
low-fat salad dressings, low-fat hot dogs, frozen dinners, 
and baked chips are not culturally salient within the local 
food landscape and are therefore infrequently stocked in 
food stores. Adapting these tools to align with Malaysian 
dietary guidelines and local consumption patterns would 
improve their contextual relevance, validity, and useful-
ness for informing policy and intervention strategies.

Furthermore, statistical uncertainty may have arisen 
from the relatively small sample sizes within certain out-
let categories, such as the limited number of supermar-
kets, which may constrain the precision and stability of 
category-specific estimates. Besides, a snapshot of the 
food environment might not capture temporal varia-
tions in food availability, pricing, or menu offerings that 
may occur across different times of day or seasons. These 
factors should be considered when interpreting the find-
ings, and future studies employing larger samples and 
longitudinal designs would strengthen inference and 
generalisability.

Lastly, healthfulness categorization in this study was 
adapted from existing cut-off proposed by Carins and 
Rundle-Thiele, which were developed in a different con-
text and may not fully reflect the diversity and hybrid-
ity of food outlets in Malaysian and broader Southeast 
Asian settings, potentially influencing the categorisation 
and interpretation of food environment characteristics 
[33]. Future research could explore alternative scoring 
thresholds, weighting of subdomains, or context-specific 
adaptations through sensitivity or simulation analyses to 
better reflect local food environments.

Conclusion
The high density of an unhealthy food environment in 
Putrajaya is concerning, given the high obesity preva-
lence. A comprehensive strategic plan encompass-
ing efforts to enhance the availability, accessibility, and 
affordability of nutritious food, besides advocating for 
good eating habits, is urgently needed. By promoting 
a supportive food environment, more individuals will 
embrace healthier dietary practices and lifestyles, both of 
which play a crucial role in disease prevention and popu-
lation well-being.
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Appendix

Table 5  Comparison between the NEMS Instruments and the 
Malaysian Dietary Guidelines
Items Healthier alternative 

as defined by NEMS
Malaysian Dietary 
Guidelines

NEMS-S

Milk 1% or 2% fat and skim, 
0% fat

Direct alignment – Low-fat 
milk is recommended for 
weight management.

Ground beef 90% lean, 10% fat Partial alignment – both 
promote healthier protein 
choices, though MDG does 
not specify protein types.

Hot dogs ≤ 9 g of fat per serving MDG discouraged processed 
food. Item was retained to 
preserve NEMS-S scoring in-
tegrity but were interpreted 
cautiously as indicators of 
relative healthfulness.

Frozen dinners Reduced fat: ≤ 9 g of 
fat per 11 oz serving

MDG discouraged frozen 
food. Item was retained to 
preserve NEMS-S scoring in-
tegrity but were interpreted 
cautiously as indicators of 
relative healthfulness.

Baked good ≤ 3 g of fat per serving Direct alignment – both 
recognise lower-fat and 
whole-grain options.

Beverages Diet soda with 0 kcal, 
100% fruit juice with no 
added sugar

Direct alignment – MDG 
does not explicitly address 
diet soda or 100% fruit juice 
but recommends low-sugar 
or unsweetened drinks.

Bread 100% whole wheat 
bread

Direct alignment – Whole-
grain bread is recommend-
ed in accordance with MDG.

Baked chips ≤ 3 g of fat per serving Direct alignment – all tubers 
(like potato, sweet potato, 
and yam) are recommended 
for meals or as snacks in 
accordance with MDG.

Cereal < 7 g of sugar per 
serving

Direct alignment – Whole-
grain breakfast cereals are 
recommended in accor-
dance with MDG.

NEMS-R
Main dishes/ 
entrées

Menu items of ≤ 800 
calories, ≤ 30% calories 
from fat, or ≤ 10% of calo-
ries from saturated fat.

Direct alignment – Consis-
tent with MDG recommen-
dation of 1,500–2,000 kcal 
per day.

Main dish salad ≤ 800 calories, ≤ 30% 
of calories from fat, or 
≤ 10% of calories from 
saturated fat with low-
fat or fat-free salad dress-
ings - such as grilled/
broiled chicken breast 
salad, grilled fish or 
seafood salad, or turkey 
breast or hams salad.

Direct alignment – the salad 
concept is not explicitly in 
MDG, but vegetables are 
encouraged as part of daily 
meals.

Table 5  Comparison between the NEMS Instruments and the 
Malaysian Dietary Guidelines
Items Healthier alternative 

as defined by NEMS
Malaysian Dietary 
Guidelines

Non-fried 
vegetables

Vegetables served raw, 
such as sliced tomato, 
steamed, grilled or 
chargrilled, baked, and 
pickled. And without 
added sugar.

Direct alignment – Consis-
tent with MDG, promote 
vegetables with healthy 
preparation methods.

Fruits Fresh fruit or canned 
fruit, fresh fruit com-
pote, fresh fruit salad 
without dressing or on 
the side, fresh fruit with 
yogurt, fresh fruit plate 
with cottage cheese.

Direct alignment – Con-
sistent with MDG, both 
promote fruit consumption 
– either fresh or canned 
fruits without flavourings, 
syrups, sugar, or salt.

Bread 100% wheat or whole 
grain bread

Direct alignment – Con-
sistent with MDG, both 
promote whole grains over 
refined grains.

Chips Baked chips (< 3 g fat/
serving)

Partial alignment – all tubers 
(like potato, sweet potato, 
and yam) are recommended 
for meals or as snacks in 
accordance with MDG.

Beverages Low-calorie beverages 
such as 100% juice, 1% 
low-fat, skim, or non-fat 
milk

Direct alignment – Low-
sugar drinks and low-fat 
milk are recommended in 
accordance with MDG.
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