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Abstract
Objective: To investigate the association between dietary patterns (DP) and over-
weight risk in the Malaysian Adult Nutrition Surveys (MANS) of 2003 and 2014.
Design:DPwere derived from the MANS FFQ using principal component analysis.
The cross-sectional association of the derived DP with prevalence of overweight
was analysed.
Setting: Malaysia.
Participants: Nationally representative sample of Malaysian adults from MANS
(2003, n 6928; 2014, n 3000).
Results: Three major DP were identified for both years. These were ‘Traditional’
(fish, eggs, local cakes), ‘Western’ (fast foods, meat, carbonated beverages) and
‘Mixed’ (ready-to-eat cereals, bread, vegetables). A fourth DP was generated in
2003, ‘Flatbread & Beverages’ (flatbread, creamer, malted beverages), and 2014,
‘Noodles & Meat’ (noodles, meat, eggs). These DP accounted for 25·6 and
26·6 % of DP variations in 2003 and 2014, respectively. For both years,
Traditional DP was significantly associated with rural households, lower income,
men and Malay ethnicity, while Western DP was associated with younger age and
higher income. Mixed DP was positively associated with women and higher
income. None of the DP showed positive association with overweight risk, except
for reduced adjusted odds of overweight with adherence to Traditional DP in 2003.
Conclusions: Overweight could not be attributed to adherence to a single dietary
pattern among Malaysian adults. This may be due to the constantly morphing
dietary landscape in Malaysia, especially in urban areas, given the ease of availabil-
ity and relative affordability of multi-ethnic and international foods. Timely surveys
are recommended to monitor implications of these changes.
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Obesity in Malaysian adults has escalated to alarming
levels. Overweight and obesity prevalence was reported
as 30·0 and 17·7 %, respectively, in 2014, indicating
that one in two adults is either overweight or obese(1).
Alarmed by the odds for the obesity pandemic continuing
unabated and its consequent burden on the health-care
system, theMinistry of Health has accorded priority to com-
prehensive national strategies to tackle drivers of excessive
weight. The National Plan of Action for Nutrition for
Malaysia III (NPANM III) 2016–2025 specifically identifies

‘preventing and controlling obesity’ as an enabling strategy
to achieve its ultimate goal of achieving optimal nutritional
well-being of Malaysians. Additionally, obesity prevention
and management have been identified as Nutrition
Research Priorities in Malaysia for the 11th Malaysia Plan
(2016–2021)(2,3).

Globally, the obesity pandemic is driven by multiple
factors that include subsidised agriculture, availability of
affordable processed foods that are energy-dense with
refined fats, oils and carbohydrates, and increase in
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sedentary lifestyles(4). Scientific evidence has irrevocably
established unhealthy diets as a major determinant of
obesity. The epidemiological transition occurring in devel-
oping countries is characterised by qualitative dietary shifts,
namely a trend for increased consumption of energy from
animal foods, refined cereals (including white rice), added
sugars and vegetable oils(5).

Traditionally, nutritional epidemiology has relied on
studying the associations between intake of single nutrients
such as carbohydrate or fat, or single foods such as sugar or
rice, and health outcomes of interest. However, this sim-
plistic approach has several limitations. The synergistic
and interactive nature of nutrients and/or foods, the pres-
ence of high levels of inter-correlation between nutrients
and the confounding effect of dietary patterns (DP) on sin-
gle nutrient associations make the interpretation of health
associations with a single nutrient or food increasingly
complex(6). In turn, translating these findings into appropri-
ate dietary recommendations for the population also
becomes challenging. In comparison, the investigation of
DP provides a holistic approach to studying population
diets as it looks at the spectrum of foods included and
excluded, mimicking real-life diets. This approach makes
it amenable to understand the nutrient and food profile
of the DP and their associations with health outcomes of
interest in existing data sets(7).

Two national dietary intake surveys, namely the
Malaysian Adult Nutrition Survey (MANS) undertaken in
2003 and 2014, had included, inter alia, frequency of food
intake as well as the BMI of the participants. Hence, the
MANS data provide an opportunity to determine the DP
of Malaysian adults and the association between changes
in DP and BMI status over the survey years. The present
study aimed to identify the predominant DP among
Malaysian adults and their associations with socio-
demographic factors based on MANS 2003 and 2014. In
addition, it intended to investigate the association between
the identified DP and overweight risks in 2003 and 2014.

Methods

Study population and sampling procedure
The MANS 2003 and 2014 used a multistage stratified sam-
pling design to select a representative sample of Malaysian
adult population aged 18 to 60 years. Both surveys covered
urban and rural areas throughout the country. Nutritionists
and trained research assistants were recruited for data col-
lection. The surveys were undertaken by the Institute of
Public Health (Institut Kesihatan Umum), Ministry of
Health, Malaysia. Complete details on the methodology
are available on the Institute’s website (http://www.iku.
gov.my). The MANS 2003 comprised data of 6928 individ-
uals while the MANS 2014 included 3000 individuals. The
data sets provided information on body weight, age, sex,

ethnicity, state of residence, category of residence (urban
or rural) and household monthly income.

Anthropometric measurements
Body weight and height measurements were taken of the
survey respondents in 2003 (n 6766) and 2014 (n 2889)
using standard procedures. BMI was calculated using the
formula: BMI= [weight (kg)]/[height (m)]2. The BMI results
in kg/m2 were classified according to WHO (2000) as
follows: underweight, BMI< 18·5 kg/m2; normal weight,
BMI = 18·0–24·99 kg/m2; overweight, BMI≥ 25·0 kg/m2.
Further details are available in themethodology documents
available from the Institute of Public Health(8).

Dietary assessment
A pre-tested semi-quantitative FFQ was used in both sur-
veys. Details on the MANS FFQ have been published ear-
lier(8–10). In brief, the MANS 2003 FFQ consisted of 126
commonly consumed food and beverage itemswhichwere
listed into thirteen food groups. The MANS 2014 FFQ con-
tained additional food and beverage items in each food
group accounting for a total of 165 items(10). The FFQ in
MANS was administered by trained enumerators on a
one-to-one basis and respondents were asked to report
the frequency of intake of each food item (‘per day’, ‘per
week’, ‘per month’, ‘per year’ or ‘never’) based on their
habitual intake over the past year. Information on the num-
ber of servings consumed each time that the respondents
ate the food was also elicited. Visual representation of food
portions was used to improve accuracy of reporting.

Data analyses
DP were generated from the MANS FFQ using principal
component analysis (PCA) with varimax rotation. The
Kaiser–Mayer–Olkin test for sampling adequacy and
Bartlett’s test were applied to evaluate PCA applicability.
For performing the PCA, the large numbers of variables
from the MANS FFQ were aggregated into twenty-eight
mutually exclusive groups on the basis of the similarity
of food types and nutrient composition. These measures
are suggested in the literature to facilitate data analysis
and interpretation(11).

Based on past studies, we made certain assumptions in
the categorisation of food groups. Sugar-sweetened
beverages and sweetened condensed milk (creamer) are
often implicated as constituents of unhealthy diets(12).
Likewise, there has been widespread concern about the
popularity of Western fast foods, owing to increased glob-
alisation(13,14). Hence, in the current analysis, we identified
specific categories for carbonated beverages, sugar and
honey, creamer and fast foods. We also separated the cer-
eal products into categories such as rice, noodles, local
bread, corn, sagu and ready-to-eat cereals, since it is impor-
tant to understand the contributions of these commonly
consumed staples to the DP. The twenty-eight food
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categories identified are shown in Table 1. The analysis was
based on the amounts consumed in grams per day.

Dietary patterns that emerged were identified and
labelled based on the foods included and excluded for each
factor. The number of DP extracted was determined based
on information from the scree plot, component eigenvalues
(>1·2) and their contributions to the total variation(11,15).
The number of factors extracted was based on each factor
contributing a minimum of 5 % to the total variance. Small
component coefficients (factor loading scores) of less than
0·2 were suppressed. Factor scores were estimated using
the regression approach. The regression factor score for
each DP was calculated and assigned to every participant.
Changes in the DP between 2003 and 2014 were assessed
by comparing the food factor loading scores for the individ-
ual DP between the two years. The statistical software
package IBM SPSS Statistics version 24was used to perform

the PCA and all statistical analyses. P< 0·05 was considered
statistically significant. The scores of individual intakes
obtained from the DP were categorised into quartiles as
a measure of adherence, with quartile 1 denoting the low-
est adherence and quartile 4 representing the highest
adherence to a specific DP.

Associations between the quartiles of DP adherence and
socio-economic factors (age, sex, ethnicity and household
income) and body weight status based on presence or
absence of overweight and obesity (i.e. BMI≥ 25·0 kg/m2),
as a dichotomous variable, were determined using the χ2 test
for distribution of proportions.

Household income (as shown in the online supplemen-
tary material, Supplemental Table S5) was classified in
three categories based on reports accrued from the
Department of Statistics Malaysia (https://www.dosm.
gov.my). Based on the Household Expenditure Surveys,
undertaken by the Department of Statistics Malaysia every
5 years, it was gathered that the average monthly house-
hold expenditure on food and non-alcoholic beverages
was 20·2 % in 2004–2005 and 18·9 % in 2014 out of total
household expenditures(16). During this period annual
inflation was also reported as below 5 %. Based on these
data, which appear to indicate that the impact of household
income on food expenditures was not vastly different in
2003 and 2014, we made no further adjustments to the
MANS data when analysing household income quartiles
v. dietary patterns.

Logistic regression models were fitted by considering
presence or absence of overweight and obesity as the out-
come and the quartile of adherence to DP as a predictor.
Since significant interactions between age, sex and ethnic-
ity were detected during the preliminary analysis (shown in
the supplementary files), a second model was developed
for the derivation of ORwhen adjusted for age, sex and eth-
nicity. A sensitivity analysis was performed to study this
association while excluding respondents who were
underweight.

Results

Major dietary patterns
Four distinct a posteriori dietary patterns that satisfied the
set criteria were extracted in both years. Together they
described approximately 25·6 and 26·6 % of the DP varia-
tions in 2003 and 2014, respectively. Three of the DP
were common to both years: ‘Traditional’ (high in fish,
eggs, local cakes (kuih), confectionery, tea and coffee,
sugar and honey); ‘Mixed’ (high in ready-to-eat cereals,
bread, spread, legumes, vegetables, fruits, malted bever-
ages, soya milk, corn, local cakes and confectionery);
and ‘Western’ (high in fast foods and carbonated bever-
ages). In addition, a ‘Flatbread & Beverages’ DP (high in
local bread, creamer, malted chocolate drinks, carbonated
beverages, soyamilk) was generated for 2003 and ‘Noodles

Table 1 Food categories identified from the Malaysian Adult
Nutrition Survey FFQ for performing principal component analysis

No. Food group Items

1 Breakfast
cereals

Ready-to-eat cereals

2 Rice All rice varieties (white, brown, glutinous
and flavoured rice and rice porridge)

3 Bread All kinds of bread and bun (except local
breads)

4 Flatbread Chappati, roti canai, thosai, naan
5 Pasta Pasta
6 Noodle All wheat and rice noodles
7 Corn Corn
8 Sagu sago Sagu sago (Metroxylon sagu)
9 Fast foods Burger, pizza, fried chicken, French fries,

mashed potatoes, coleslaw, sausage,
hotdog and frankfurter

10 Meat All meat except eggs and fish
11 Eggs All eggs
12 Fish & seafood All fish
13 Legumes All pulses (including groundnuts and

soyabeans)
14 Vegetables All vegetables
15 Fruits All fruits
16 Milk and milk

products
Milk, cheese, yoghurt, etc.

17 Malted
chocolate
drink

Milo and other malted drinks

18 Tea & coffee Tea and coffee drinks
19 Creamer Creamer
20 Alcoholic

beverages
Wine, brandy, beer, shandy, etc.

21 Soya milk Soya milk varieties
22 Carbonated

beverages
All carbonated beverages

23 Other
beverages

Fruit juice, cordials, energy drinks,
ready-to-drink beverages, herbal drinks

24 Confectionery Sweets, chocolate bar, cake, jelly, lolly ice,
ice cream, ice blended, cream crackers,
flavoured cookies, pastry, snacks

25 Local cakes Kuih
26 Spices &

condiments
All flavourings

27 Spreads Jam, kaya (egg & coconut milk)
28 Sugar and

honey
Sugar and honey
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& Meat’ DP (high in noodles, meat, eggs, alcoholic bever-
ages) in 2014. Table 2 shows theseDP and the predominant
food items included. The rotated component matrix shows
the grouping of the foods consumed into four DP for 2003
and 2014, respectively, based on the factor scores (see on-
line supplementary material, Supplemental Table S1). The
clustering of the food items within the DP is further shown
as loading plots derived from PCA (Fig. 1). The percentage
of total variation in the diet for each of these DP ranged
from 5·7 to 7·6 % (Supplemental Fig. S1).

Association between sociodemographic factors
and dietary patterns
A summary of the test for association between the socio-
demographic factors of the respondents and the DP is
shown in Table 3, while the detailed results are presented
in the online supplementarymaterial (Supplemental Tables
S2 to S6). The Western DP was a preference among
younger respondents both in 2003 and 2014 (both
Ptrend< 0·001). While the Mixed DP (Ptrend= 0·015) was
associated with younger respondents in 2003, no signifi-
cant association with age was shown in 2014. The
Traditional DP (2003 and 2014) and the Noodles & Meat
DP of 2014 were not found to be associated with respond-
ent age.

Men showed significant associations with several DP in
the two MANS, namely Traditional DP (2003 and 2014),
Flatbread & Beverages DP (2003), Noodles & Meat DP
(2014) and Western DP (2014; all P < 0·001). In contrast,
only the Mixed DP was significantly associated with
women (P< 0·001 in both years).

As for household income, the Traditional DP was more
prevalent with lower income, whereas the Western and
Mixed DP were associated with higher household income
(Ptrend< 0·001 in both years). The Noodles & Meat DP of
2014 also showed a positive association with higher house-
hold income (Ptrend= 0·017), while the Flatbread &

Beverages DP in 2003 was significantly associated with
the middle income category (Ptrend= 0·002).

Rural households were more likely to adhere to the
Traditional DP in both years (P< 0·001), compared with
the Mixed and Western DP that scored higher in urban
areas. The Flatbread & Beverages DP in 2003 and the
Noodles & Meat DP in 2014 were also more prevalent in
urban areas (P< 0·001).

The MANS data also revealed significant associations
between adherence to the DP and respondent ethnicity.
In 2003, the Flatbread & Beverages DP showed higher
prevalence among Indians, whereas in both years the
Traditional DP was associated with Malays and the indige-
nous population groups in Sarawak (Ptrend< 0·001). In
2014, the Mixed DP was associated with Chinese and
Indian ethnicity (Ptrend< 0·001), whereas the Noodles &
Meat DP scores were higher among Chinese and
Sarawak indigenous groups (Ptrend = 0·017).

Association between dietary patterns and
overweight risk
Results on the association between overweight risk and
sociodemographic factors observed in the MANS 2003
and 2014 data are presented in Table 4. The test for the
association between quartiles of DP and proportion of par-
ticipants with BMI≥ 25·0 kg/m2 is presented in the online
supplementary material, Supplemental Table S7 and
Supplemental Fig. S2.

Results of unadjusted and adjusted OR for prevalence of
overweight among the quartiles of DP adherence are
shown in Table 5. Unadjusted OR, comparing the lower
quartiles of DP adherence with the highest quartile as
the reference, showed that lower adherence to the
Western DP was associated with higher odds for over-
weight and obesity both in 2003 and 2014. However, the
association was no longer significant after adjusting the
model for age, sex and ethnicity. Overall, no significant

Table 2 Description of the dietary patterns (DP) identified from the Malaysian Adult Nutrition Survey 2003 and 2014

2003 2014

Rank DP Foods consumed Rank DP Foods consumed

1 Traditional Fish, eggs, local kuih, confectionery, tea and
coffee, sugar and honey, creamer, spices
and condiments

1 Western Fast foods, bread, spreads, carbonated
beverages, juices, fruits, confectionery, local
kuih, spices and condiments (sauces)

2 Mixed Ready-to-eat cereal, bread, spread, legumes,
vegetables, milk and milk products, malted
chocolate drinks, soya milk, corn, local kuih,
confectionery

2 Mixed Ready-to-eat cereal, pasta, bread, spread,
legumes, vegetables, fruits, milk and milk
products, malted chocolate drinks, soya milk,
corn, confectionery

3 Western Fast foods, meat, noodles, rice, pasta, eggs,
carbonated beverages

3 Traditional Rice, sagu, legumes, fish, eggs, vegetables,
local kuih, confectionery, tea and coffee,
sugar and honey, spices and condiments
(excludes pasta)

4 Flatbread &
Beverages

Indian flatbreads (chappati, roti canai, thosai,
naan), creamer, malted chocolate drinks,
carbonated beverages, other beverages,
soya milk (excludes rice)

4 Noodles &
Meat

Noodles, meat, eggs, alcoholic beverages
(excludes local kuih)
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association was found between prevalence of overweight
and dietary patterns in 2003 and 2014, when adjusted for
age, sex and ethnicity, with the exception of the finding
for Traditional DP. These findings were consistent also
when respondents with underweight were excluded dur-
ing the secondary analysis (see online supplementary
material, Supplemental Table S8).

Discussion

Major dietary patterns and changes
Typical of a rapidly developing economy, Malaysia has
undergone substantial expansion and diversification in
food consumption, as indicated by the major DP identified
and the concomitant shifts observed over the study period.
While Traditional, Mixed and Western DP were distinctly

identified in both the MANS 2003 and 2014, nevertheless,
major shifts in the popularity of these DP were discerned
over the years. Whereas Traditional DP ranked highest in
explaining 7·4 % of the dietary variations in 2003, by
2014 however the Western DP had taken over the top
position, contributing 7·6 % of the dietary variations
(Supplemental Fig. S1). These observations parallel reports
of rapid proliferation of the fast-food industry in recent
decades in Malaysia(14). Working status, especially among
dual-career families, is associated with increased consump-
tion of convenience and ready-to-eat fast foods as quick
meal solutions(17–19). High demand for convenience
foods and beverages is one of the major food demand
drivers in Asia, leading to continued emergence of proc-
essed foods(19).

In this conjunction, Malaysia displays the consequences
of a rapid convergence of global dietary influence on the
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local food consumption landscape. Whereas rice and noo-
dles were key constituents of the Western DP in 2003, by
2014 both items were no longer components of the
Western DP. The latter appears entrenched mainly with
Western constituents, namely fast foods, spreads and car-
bonated beverages. Meanwhile, noodles made from differ-
ent types of cereals and grains are an increasingly popular
alternative to rice among the different ethnic groups. The
escalating popularity of noodles reflects, in part, increasing
international influence (spaghetti, ramen and soba noo-
dles) and in part the perception in some segments of the
population that ‘noodle is healthier than rice’. Rice, never-
theless, persists as a predominant staple as a component of
the 2014 Traditional DP.

Implications of socio-economic factors
The associations between sociodemographic factors and
the major DP appear to be consistent in MANS 2003 and
2014. In general, theWestern andMixedDPwere preferred
by younger age groups, urban residents and those with
higher household income. Affordability explains the find-
ing in both years of the lower-income and rural areas adher-
ing to the Traditional DP that comprises local food items
such as rice, fish and spices.

The gender differentials revealed in the present study
suggest that men tend to favour a variety of DP compared
with women. While women were significantly associated
with the Mixed DP, men were positively linked to several
DP in both years of the survey. The Mixed DP that includes
bread, ready-to-eat cereals, vegetables and fruits is similar
to the ‘healthy diet’ pattern described in Singapore(20). It is
postulated that women’s penchant for healthier lifestyle
and increased health awareness(21) are likely to lead to their
adoption of healthier diets. The Mixed DP would
also require limited food preparation time and could
explain its adoption among women who constitute about
38–54 % of the workforce in Malaysia(22,23).

The Noodles & Meat DP showed greater association
with men, higher income and urban dwellers, as well as
Chinese and Sarawak indigenous ethnicity. It is not unex-
pected to observe alcoholic beverages in this DP, as among
the ethnic groups studied only the Malays are known to be
prohibited by religion from consumption of alcoholic
beverages.

The Flatbread & Beverages DP typified by Southern
Indian breads, such as roti canai (made from refined wheat
flour) and thosai (made from fermented lentils and rice bat-
ter), is usually taken with beverages, including teh tarik (tea
sweetened with creamer) and malted chocolate drinks. This
cuisine is ubiquitous to the Malaysian Mamak food scene,
popular for its affordability and long hours of availability(24).
Perhaps for these factors this DP was reported above as

Table 3 Significant associations between adherence to dietary
patterns (DP) and sociodemographic factors in the Malaysian
Adult Nutrition Survey (MANS) 2003 and 2014

DP MANS 2003 MANS 2014

Traditional NS association with
age

NS association
with age

Male sex Male sex
Malays, Sarawak
indigenous†

Sabah indigenous§,
Sarawak indigenous,
Malays

Rural households Rural households
Lower household
income‡

Lower household
income

Mixed Younger age
(18–19 years)

NS association with age

Female sex Female sex
NS association with
ethnicity

Indians and Chinese

Urban households Urban households
Higher household
income

Higher household
income

Western Younger age
(18–19 years)

Younger age
(18–19 years)

NS association
with sex

Male sex

Chinese NS association with
ethnicity

Urban households Urban households
Higher household
income

Higher household
income

Flatbread &
Beverages

Younger age
(18–19 years)

–

Male sex
Indians
Urban households
Medium household
income

Noodles & Meat – NS association with
age

Male sex
Chinese and Sarawak
indigenous

Urban households
Higher household
income

†Sarawak indigenous groups include Melanaus, Ibans and Bidayuhs.
‡Monthly household income (Malaysian Ringgit (RM)): lower, <RM 1500 (~<£280);
middle, RM 1500–3500 (~£280–653); higher, >RM 3500 (~>£653).
§Sabah indigenous groups include Kadazans-Dusuns, Bajaus and Muruts.

Table 4 Association of sociodemographic variables with prevalence
of overweight† in the Malaysian Adult Nutrition Survey (MANS) 2003
and 2014

Sociodemographic
variable‡ MANS 2003(30) MANS 2014(1)

Age 50–59 years 50–59 years
Sex Women Women
Ethnicity Indian and Malay

ethnicities
Malay and Indian
ethnicities

Household income RM 1500–3500 >RM 3500
Residence No clear urban–

rural divide
No clear urban–
rural divide

†Overweight is defined as BMI ≥ 25·0 kg/m2.
‡Categorisation of sociodemographic variables studied. Age group: 18–19, 20–29,
30–39, 40–49, 50–59 years. Sex: male and female. Ethnicity: Malay, Chinese,
Indian, Sarawak indigenous, Sabah indigenous, Other indigenous. Monthly
household income (Malaysian Ringgit (RM)): lower, <RM 1500 (~<£280); middle,
RM 1500–3500 (~£280–653); higher, >RM 3500 (~>£653). Residence: rural and
urban.
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Table 5 Dietary patterns (DP) and the presence of overweight and obesity (BMI ≥ 25·0 kg/m2) among Malaysian Adult Nutrition Survey respondents in 2003 and 2014

DP DP quartile†

Unadjusted Adjusted for age
Adjusted for age and

sex
Adjusted for age, sex

and ethnicity

Adjusted for age, sex,
ethnicity and household

income

OR‡ 95 % CI OR‡ 95 % CI OR‡ 95 % C† OR‡ 95 % CI OR‡ 95 % CI†

Traditional – 2003 Q1 1·062 0·925, 1·218 1·044 0·907, 1·202 1·019 0·884, 1·174 1·251 1·075, 1·456** 1·225 1·051, 1·427**
Q2 1·137 0·991, 1·304 1·134 0·986, 1·305 1·118 0·971, 1·286 1·271 1·099, 1·470*** 1·253 1·083, 1·450**
Q3 1·087 0·947, 1·247 1·081 0·940, 1·243 1·071 0·931, 1·233 1·122 0·974, 1·293 1·111 0·964, 1·281
Q4 1 1 1 1 1

Mixed – 2003 Q1 1·085 0·945, 1·245 1·051 0·913, 1·209 1·079 0·936, 1·243 1·071 0·929, 1·235 1·101 0·954, 1·271
Q2 1·141 0·995, 1·309 1·122 0·975, 1·291 1·130 0·982, 1·300 1·133 0·984, 1·305 1·149 0·997, 1·324
Q3 1·121 0·976, 1·286 1·099 0·955, 1·265 1·102 0·957, 1·268 1·114 0·967, 1·284 1·122 0·973, 1·293
Q4 1 1 1 1 1·000

Western – 2003 Q1 1·465 1·276, 1·681*** 1·215 1·054, 1·401** 1·203 1·043, 1·387* 0·988 0·849, 1·149 1·015 0·872, 1·182
Q2 1·302 1·134, 1·495*** 1·148 0·996, 1·323 1·130 0·980, 1·303 0·990 0·855, 1·146 1·010 0·872, 1·169
Q3 1·212 1·055, 1·392** 1·118 0·970, 1·288 1·104 0·958, 1·272 1·033 0·895, 1·192 1·050 0·909, 1·213
Q4 1 1 1 1 1

Flatbread & Beverages – 2003 Q1 1·075 0·936, 1·233 0·829 0·718, 0·958* 0·798 0·689, 0·923** 0·917 0·789, 1·006 0·931 0·800, 1·082
Q2 1·137 0·991, 1·304 0·929 0·805, 1·071 0·902 0·782, 1·042 0·964 0·834, 1·115 0·974 0·842, 1·127
Q3 1·148 1·001, 1·317* 1·014 0·881, 1·168 0·996 0·865, 1·147 1·002 0·869, 1·155 1·007 0·873, 1·161
Q4 1 1 1 1 1

Traditional – 2014 Q1 1·093 0·889, 1·343 1·111 0·901, 1·369 1·024 0·828, 1·268 1·132 0·908, 1·411 1·056 0·844, 1·321
Q2 1·124 0·914, 1·382 1·133 0·919, 1·398 1·082 0·876, 1·337 1·165 0·939, 1·446 1·122 0·903, 1·395
Q3 1·223 0·996, 1·502 1·236 1·003, 1·524* 1·201 0·973, 1·481 1·259 1·018, 1·556* 1·225 0·989, 1·517
Q4 1 1 1 1 1

Mixed – 2014 Q1 0·895 0·728, 1·100 0·889 0·721, 1·096 0·957 0·774, 1·184 0·921 0·741, 1·145 1·014 0·811, 1·268
Q2 1·066 0·867, 1·311 1·061 0·860, 1·309 1·093 0·884, 1·350 1·064 0·860, 1·317 1·121 0·902, 1·393
Q3 1·094 0·889, 1·346 1·061 0·859, 1·309 1·050 0·850, 1·297 1·048 0·847, 1·297 1·076 0·868, 1·336
Q4 1 1 1 1 1

Western – 2014 Q1 1·312 1·067, 1·603** 1·041 0·839, 1·291 1·001 0·805, 1·243 1·118 0·895, 1·395 1·174 0·938, 1·471
Q2 1·391 1·130, 1·713** 1·156 0·933, 1·433 1·110 0·895, 1·378 1·166 0·937, 1·450 1·189 0·954, 1·481
Q3 1·204 0·979, 1·480 1·064 0·861, 1·314 1·039 0·841, 1·285 1·059 0·855, 1·311 1·068 0·861, 1·326
Q4 1 1 1 1 1

Noodles & Meat – 2014 Q1 1·319 1·073, 1·622** 1·291 1·046, 1·592* 1·229 0·994, 1·518 0·908 0·705, 1·171 0·966 0·748, 1·249
Q2 1·432 1·164, 1·762*** 1·432 1·160, 1·767*** 1·337 1·080, 1·655** 1·042 0·816, 1·331 1·095 0·85, 1·401
Q3 1·283 1·044, 1·578* 1·266 1·027, 1·562* 1·206 0·976, 1·490 1·045 0·836, 1·306 1·084 0·865, 1·358
Q4 1 1 1 1 1

*P< 0·05; **P< 0·01, ***P< 0·001.
†DP quartile refers to the quartile of adherence. Q1 and Q4 are the lowest and highest quartiles of adherence, respectively.
‡OR and 95 % CI are calculated with the highest quartile as the reference.
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significantly associated with male, middle-income and
urban respondents (Table 3). Nevertheless, the Flatbread
& Beverages DP did not emerge in 2014, perhaps owing
to competition and increasing popularity of multi-ethnic
and so-called ‘fusion cuisines’ (blended Western and
Asian ingredients in a single dish). In Malaysia, international
influence anddiversification of local cuisines are expected to
be in demand in tandem with growing affluence of
Malaysians and growing influx of foreign tourists.

Nutritional implications
There are concerns over the widespread acculturation
of Western fast foods in the Malaysian diet(13,14). Con-
sumption of sugar-sweetened (carbonated) beverages
and sweetened condensed milk/creamer is also a concern
given the escalating prevalence of obesity and diabetes in
the population(12). Hence in the current analysis, while
grouping foods for PCA, we created specific categories
for sugar and honey, creamer and fast foods. The analysis
of the contributions of key dietary items to the major DP
revealed notable nutritional implications. For example,
there appears a lower contribution of sugar and sweet
foods in 2014 compared with 2003, as exemplified by
the Traditional DP which was the DP characterised by
the intake of sugary foods. For this DP, factor loading scores
for several sweet items, including table sugar, honey, local
cakes and confectionery, decreased from 2003 to 2014 (see
online supplementary material, Supplemental Table S1).
The factor loading score for sweetened milk (creamer) also
showed a decrease for the Traditional DP over the same
period (Supplemental Table S1). Since factor loadings
are interpreted like standardised regression coefficients, a
higher loading value would indicate a stronger correlation
with the factor it is associatedwith. A decreased factor load-
ing can be construed to indicate a lower degree correlation,
thereby contributing less to a particular DP. Thus, lower
factor loading scores for these elements can indicate
decreased contribution of sugary products and sweetened
milk to this DP, over time. This encouraging trend is con-
sistent with the 2016 review of Amarra et al., who reported
that the per capita daily consumption of energy from sugar
and sweeteners in Malaysia dropped dramatically between
2000 and 2004, after experiencing an increase from 1965 to
1999(25).

Another nutritional implication shown by the current
study is that food consumption patterns among
Malaysians expanded and diversified in 2014, including
adding meat (Noodle & Meat DP), increased contribution
of fruits and vegetables (Western, Mixed & Traditional
DP), as well as higher loading scores for milk and dairy
products (Mixed DP), in contrast to the DP in 2003.
These dietary improvements within the DP may reflect
increased availability of household economic means to
access various food groups coupled with greater aware-
ness about nutrition.

Dietary patterns and overweight risk
The prevalence of overweight and obesity (BMI≥ 25·0 kg/m2)
as reported by the MANS data was 38·3 % in 2003 and
50·9 % in 2014(1). In the present study, primary analysis
found no significant association between DP and adjusted
risk for overweight. The prevalence of underweight
(BMI < 18·5 kg/m2) among the respondents was 9·3 and
5·6 % in 2003 and 2014, respectively. Nevertheless, a sen-
sitivity analysis was carried out to assess anymasking of the
association by excluding those with BMI < 18·5 kg/m2.
This secondary analysis is presented in the online supple-
mentary material. Supplemental Table S8. The direction of
these associations remained consistent in both analyses.
Only the practice of Traditional DP in 2003 revealed lower
odds for overweight, after adjustment for age, sex, ethnicity
and household income.

This lack of association between adherence to a DP and
overweight risk agrees with a previous attempt at associat-
ing obesity with frequency of eating out in Malaysia, which
found no significant association(22). These findings are also
in line with the earlier investigation that explored DP in the
MANS 2003 data using PCA, which found that DP were not
significantly associatedwith obesity(19). These observations
differ from the evidence reported in other Asian popula-
tions(26–28). As a commonality, the latter studies found that
high fat, meat and sweets intakes were positively associ-
ated with body weight. These studies also found an inverse
relationship between BMI and fruits, vegetables, fish and
whole grains intakes. Interestingly, rice intake (in the
Japanese Traditional diet(28)) and potato intake (in the
Korean transitional diet(26)) were associated with obesity.
In Singapore, high intakes of fruit, vegetables, dairy, whole-
grain breads, breakfast cereals, and use of unsaturated
cooking oils, coupled with low intakes of Western fast
foods, sugar-sweetened beverages, poultry, processed
meat and flavoured rice, were found to be associated with
better cardiovascular risk profiles and body weight status
among adults(20). These contradictory findings could be
due to the cross-sectional nature of the MANS data that pre-
cludes assumptions of causality and the likely under-
reporting among overweight and obese respondents,
which is a well-established source of error in nutritional
surveys(29).

Conclusion and recommendations

Analysis of the MANS 2003 and 2014 data generated three
consistent major dietary patterns, namely Traditional,
Mixed and Western. In general, overweight among
Malaysian adults was not found to be significantly associ-
ated with adherence to any of these DP. This finding
may be due to the constantly morphing dietary landscape
in Malaysia, especially in urban areas, given the ease of
availability and relative affordability of multi-ethnic and
international foods.
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National surveys of dietary intake of all ages should be
undertaken in a timely manner to address the public health
implications of the constantly changing dietary consump-
tion behaviour of the people, concomitant with the country
undergoing rapid nutrition transition. Such findings are par-
ticularly pertinent in view of the growing obesity and non-
communicable disease burden on the health of the people
and health-care costs of the country. In light of the findings
that sociodemographic characteristics play an important in-
fluence in the people’s dietary preferences, there is scope
for targeting educational and health promotion messages
towards improving nutritional well-being of Malaysians.
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