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Abstract
Objectives  This study builds upon our previous MyNutriLifeCOVID-19 online survey conducted during Malaysia’s 
second national lockdown (MCO 2.0), by exploring a broader range of nutritional and lifestyle behaviours and their 
association with risks of underweight, overweight and obesity among Malaysian adults.

Design  Cross-sectional study.

Setting  The MyNutriLifeCOVID-19 was a nationwide survey conducted in all five regions (Central Zone, Northern 
Zone, Southern Zone, East-coast Zone and East-Malaysia) in Malaysia.

Participants  A total of 1182 Malaysian adults participated in the online survey between March and May 2021.

Outcome measures  Self-reported body weight status, nutritional and lifestyle behaviours, including dietary 
practices, physical activity, perceived stress, and sleep quality were ascertained using a validated questionnaire.

Results  Approximately one-third of the Malaysian adults (36.8%) were either overweight or obese, with 8.63% 
underweight. Despite widespread intentions to manage weight, only 30% engaged in regular exercise. Poor sleep 
and unhealthy dietary behaviours, characterised by high sugar intake and low consumption of fruits and vegetables, 
were prevalent among the respondents. The hierarchical multinomial regression analysis revealed underweight was 
attributed to being single, experiencing high stress and insufficient exercise. Conversely, overweight and obesity 
were linked to being male, older, Malay ethnicity, lunch skipping, poor adherence to healthy eating concept, had 
disordered eating and frequent consumption of roasted foods.

Conclusion  The present study revealed significant weight-related challenges faced by Malaysians during the 
national lockdown. Despite efforts at weight management, insufficient physical activity, poor sleep quality, and 
unhealthy dietary behaviours persisted. These findings underscore the complex interplay of sociodemographic, 

Dietary behaviours, cooking practices 
and their associations with body weight status 
among Malaysians – a nationwide study 
during COVID-19 pandemic
Yit Siew Chin1,2*, Poh Ying Lim3, Mahenderan Appukutty4, Nor Baizura Md Yusop1, Radhika Loganathan6,  
Kanga Rani Selvaduray6 and Yoke Mun Chan2,5,7*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12889-025-23699-9
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-025-23699-9&domain=pdf&date_stamp=2025-8-29


Page 2 of 26Chin et al. BMC Public Health         (2025) 25:3020 

Introduction
Little did we anticipate that the year 2020 would bring 
a significant threat to public health worldwide. On 
the 10th of January 2020, the World Health Organisa-
tion (WHO) alerted the world to an outbreak of an 
unknown form of pneumonia with human-to-human 
transmission occurring in Wuhan, China [1]. The WHO 
then declared this outbreak as COVID-19, which was 
brought on by a new coronavirus that later became 
known as Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2) on February 11, 2020. This 
infectious disease, which originated in December 2019 
in Wuhan, China’s Hubei Province, quickly escalated 
into a global pandemic, affecting countries worldwide, 
including Malaysia. As of 15 February 2021 (4:05 pm 
CET), the WHO reported a staggering 108,579,352 con-
firmed cases of COVID-19 and 2,396,408 deaths glob-
ally, including figures for Malaysia [2].

The virus was confirmed to have reached Malay-
sia in late January 2020 [3]. Since the 18th of March 
2020, Malaysia has entered several phases of restriction 
[CMCO, Enhanced Movement Control Order (EMCO), 
Semi Enhanced Movement Control Order (SEMCO), 
Conditional Movement Control Order (CMCO), Recov-
ery Movement Control Order (RMCO)] and relaxation 
orders since 18 March 2020 following the federal govern-
ment’s decision based on the severity of the pandemic 
[4]. These movement control orders have unquestionably 
disrupted daily routines and induced lifestyle changes. 
Perveen et al. (2020) reported that the MCO had a pro-
found impact on the mental health of Malaysian adults, 
resulting in an increased prevalence of stress, anxiety, 
and depression [5]. The confinement period has limited 
physical activity, promoted sedentary lifestyles, and led 
to changes in dietary patterns, including a shift towards 
consuming ‘unhealthy’ food and beverages [6]. Addition-
ally, there has been a reduction in food waste generation 
[7] and an improvement in local air quality [8, 9] and 
water quality [10] during this period.

Previously, we reported on changes in body weight 
among Malaysian adults during the MCO 1.0 lockdown 

period and explored the associations between lifestyle 
behaviours and body weight using the MyNutriLife-
COVID-19 online survey [11]. More than two-fifths 
of Malaysians (41.2%) adopted a healthier eating pat-
tern, primarily attributing to the use of healthier cook-
ing methods or the adoption of “Quarter-Quarter-Half” 
healthy eating concept. Nevertheless, the prevalence 
of snacking and consumption of high-fat or fried food 
intake remained high. Such deterioration of dietary 
behaviours during national lockdowns were widely 
reported [12]. This study represents an extension of our 
earlier work conducted during the MCO 2.0 COVID-19 
pandemic lockdown period, focusing on a broader range 
of indices related to nutritional and lifestyle behaviours 
and their impact on changes in body weight.

Methodology
Study design and participants
This study was a national cross-sectional survey dur-
ing Malaysia’s second lockdown, which was conducted 
between March and May 2021. Non-probabilistic conve-
nience sampling was applied in this study. The data were 
collected anonymously through Google Forms and writ-
ten in the main common languages in Malaysia, namely 
Malay, English, Mandarin, and Tamil. The survey ques-
tionnaire was originally prepared in English and trans-
lated into Malay, Chinese, and Tamil, respectively. These 
questionnaires were then back-translated to the English 
language to ensure translation equivalence. Both trans-
lated and back-translated questionnaires were compared 
for consistency. The forward and backward translation 
processes were performed by university lecturers with 
allied health sciences background and proficient in all 
the respective languages. The self-administered ques-
tionnaires were pre-tested to ensure clarity and ease 
of understanding of the questionnaire for the targeted 
respondents. Using online surveys, the target demo-
graphics were reached utilising social media such as 
Facebook groups, WhatsApp groups, and Instagram 
accounts. Eligibilities were Malaysians aged ≥ 18 years, 
had access to the link, and agreed to the information 
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pandemic on Malaysian health behaviours. As the world grapples with the increasing threat of communicable 
diseases, understanding the long-term impacts of such events on lifestyle and health outcomes is imperative. Our 
research underscores the need for comprehensive public health interventions that address not only the immediate 
health challenges but also the lasting psychological and behavioural effects of crises. By investing in resilient health 
systems and promoting healthy lifestyles, we can better prepare for future pandemics and mitigate their devastating 
consequences.
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collected while ensuring their confidentiality to be used 
for health and dietary practices research during the 
COVID-19 lockdown. The study excluded adults who 
were diagnosed with COVID-19.

Data collection
A respondent-friendly online questionnaire sought to 
assess socio-demographic background, dietary practices 
before and during the COVID-19 lockdown and the life-
style of respondents was constructed using Google Forms 
in this study. The online survey platform gathered data 
on sociodemographic characteristics, socioeconomic sta-
tus, medical history, and self-reported weight and height. 
In addition, information on lifestyle factors related to 
health was also gathered. The online survey was designed 
to ensure the anonymity of the respondents. The online 
survey was disseminated through emails, social media 
such as Facebook, Instagram, and WhatsApp, as well 
as the personal networks of the respondents. The study 
was performed in accordance with the Declaration of 
Helsinki, with respondents anonymous remaining con-
fidential, and the protocol was approved by the Ethics 
Committee for Research Involving Human Subjects of 
Universiti Putra Malaysia (JKEUPM-2020-163). Prior to 
the dissemination of the survey form, it was first piloted 
to ensure the validity and reliability of the instrument, 
and no changes were recorded.

Instrumentation
This study used a set of pre-tested questionnaires, which 
consisted of seven instruments to obtain information on 
socio demographic background, body weight status, waist 
circumference, health status and disease history, lifestyle 
habits, eating behaviour, consumption pattern of cooking 
oil, and perception of the importance of a healthy lifestyle 
among adults. In addition, the perceived stress scale was 
also determined. Every item in the survey was intended 
to be answered so the participant could go on to the next 
portion and avoid missing any data.

Socio demographic background
Respondents were required to provide information 
regarding their socio-demographic background, such as 
age, ethnicity, sex, education level, marital status, occupa-
tion, and monthly household income. Other information, 
namely living conditions and household role(s) dur-
ing movement control order (MCO), was also obtained. 
In addition, the survey also included other information 
such as geographical location by zones (East-coast zone, 
Northern zone, Central zone, Southern zone and East 
Malaysia) in Malaysia, working status during MCO, and 
the number of family members and children in a family.

Self-reported anthropometric indices
Respondents were asked to self-report their previous 
body weight, current body weight, and height. Previ-
ous research has demonstrated substantial agreement 
between self-reported and measured body weight and 
height among Malaysian adults, with Body Mass Index 
(BMI) classifications showing strong concordance [13]. 
These findings support the reliability and validity of 
self-reported anthropometric measures in this popula-
tion, thereby justifying their use in the present study. 
The weight status of the respondents was classified 
into underweight (< 18.5  kg/m2), normal weight (18.5–
24.9  kg/m2), overweight (25.0–29.9  kg/m2) and obesity 
(≥ 30  kg/m2) according to WHO classification [6]. Data 
on body weight changes is ascertained by asking respon-
dents whether they notice any change in their clothes fit-
ting. On the other hand, respondents’ satisfaction with 
body weight status and the adoption of any weight man-
agement strategies were also ascertained. A pre-recorded 
video was uploaded to the Google Form to guide the 
respondents on the proper technique to measure waist 
circumference.

Health status and disease history
The presence and type of chronic diseases and respon-
dents’ perceptions of current and previous health status, 
such as pregnancy and COVID-19 vaccination status, 
were also checked.

Lifestyle habits
The lifestyle habits of the respondents were determined, 
including their past and present workout routines. 
Respondents were also asked if there was any change 
in their exercise or physical activity pattern. Through 
the universally established sleep quality questionnaire, 
the Pittsburgh Sleep Quality Index (PSQI), the study 
also identified respondents’ sleep duration, latency, and 
perception of sleep quality (sleeping behaviour). A high 
score indicated how severely the sleep was disrupted 
[14]. Low sleep quality was indicated by a PSQI total 
score of five or higher, which had a 90% diagnostic sen-
sitivity and a 67% specificity. The internal consistency 
reliability of the PSS total score was good (α = 0.806). 
Stress levels are rising because of the COVID-19 pan-
demic. The Perceived Stress Scale (PSS), developed by 
Cohen et al. [15] was used to measure emotions and 
sentiments experienced throughout the previous month 
to assess the overall perception of stress among the 
respondents. This scale is widely used since it is easy 
to use and freely available for academic or research 
purposes.
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Eating behaviour
The eating behaviour of respondents was ascertained 
using the universal instrument - The Eating Attitude 
Test (EAT-26) [16]. There were inquiries about atti-
tudes, beliefs, and behaviours around food, weight, and 
body type. A total score and three subscales (dieting, 
bulimia and oral control) were generated. A score of 20 
or above denotes the existence of disturbed eating atti-
tudes and behaviour, which may indicate the presence of 
eating-related psychopathology, with the subscales giving 
a profile. The EAT-26 is a validated and reliable measure 
of disordered eating attitudes and behaviours. Previous 
studies reported Cronbach’s alpha coefficients ranged 
from 0.77 to 0.91 across various populations, indicat-
ing good internal consistency [17]. The Cronbach’s alpha 
coefficient (α) of the EAT-26 was 0.907, indicating good 
internal consistency reliability.

Besides EAT-26, the respondents administered 
a series of self-developed questions to identify the 
changes in eating patterns. These include respondents’ 
perception of changes in eating behaviour, the pattern 
of main meals (breakfast, lunch and dinner) and snack-
ing behaviour, ordering services and consumption pat-
tern of food groups (cereals and grains, vegetables, 
fruits, meat and derivatives, milk and dairy products, 
fat and oil).

Consumption pattern of cooking oil
A pre-testing questionnaire was utilised to determine 
the cooking oil usage pattern. Questions were asked 
about the cooking oil used in different cooking meth-
ods, the practice of re-use cooking oil, the amount of oil 
used in cooking and respondents’ perception of the dif-
ferent cooking oils available in the market. Further to 
this, factors determining the choice of cooking oil were 
ascertained.

Statistical analysis
Data analysis was conducted using SPSS version 28.0. 
Descriptive analysis was computed for all variables, 
with frequency and percentage presented for categori-
cal variables. Univariable multinomial regression was 
used to investigate the effect of each variable associ-
ated with the body weight status. Further, hierarchical 
multivariable multinomial regression was computed 
with 5 models, where model 1 included sociodemo-
graphic variables, model 2 included anthropometric, 
model 3 included lifestyle variables, model 4 included 
dietary variables and model 5 included cooking vari-
ables. The stepwise variable selection method was 
used to compute the best-fit model. The final model 
(model 1–5) adjusted with confounding variables was 
computed. A variable with p < 0.05 was considered sta-
tistically significant.

Results
As shown in Table  1, slightly more than half of the 
respondents self-reported a normal BMI before the 
pandemic (54.4%), while approximately one-third were 
either overweight or obese and another 9.5% was under-
weight. A comparable profile was documented for the 
current self-reported weight status. More  than 80% of 
respondents reported attempting to manage their weight, 
where 35.9% always and 49.6% sometimes attempted to 
do so during MCO 2.0. Close to half of the respondents 
perceived themselves as either moderately (42.6%) or 
very active (8.4%) (Table 2). This data could be over-rated 
as only 30% of the respondents exercised for more than 
3 days per week. COVID‐19 restrictions have resulted in 
decreased levels of physical activity among Malay-
sians. While less than one-quarter had become physi-
cally more active, more than 40% of the respondents had 
decreased levels of physical activity. Poor sleep quality 
was prevalent with approximately 60%, 20% and 4% of the 
respondents had mild, moderate and severe poor sleep 
quality, respectively. Similarly, sleep latency was preva-
lent, with  approximately three-quarters of the respon-
dents having mild, moderate or severe sleep latency, 
respectively. On the other hand, more  than 70% of the 
respondents were moderately stressed while another 8% 
were highly stressed.

The food practices and dietary behaviours of respon-
dents are depicted in Table 3. There were 5.5% and 83.4% 
of the respondents who never consumed home-cooked 
meals and had outside foods or beverages regularly. On 
the other hand, ordering food via apps was common, 
with more than 50% applying the food ordering apps at 
least once a week. Meal skipping was common, this was 
especially true for breakfast, with only 65% having break-
fast every day. On the other hand, slightly less than 90% 
of the respondents practised snacking. A total of 35% 
and 15% of the respondents consumed probiotic bever-
ages less than 3 days per week, and more than 3 days per 
week, respectively. In general, sugar consumption was 
considered high among the study population whereby 
more than 46% and 60% of the respondents consumed 
sugar sweetened beverages and sweet delicacies at least 
once a week. Compliance with the recommendations 
for consuming fruits and vegetables was poor, with only 
40% and 60% of the respondents consuming them daily. 
Similarly, only about 70% of the respondents took starchy 
foods and protein foods, respectively. Dairy products and 
legumes were not the habitual intake, with only 21% and 
27% consumed daily.

With regard to healthy eating behaviour, it is disap-
pointing that only 16% of Malaysians practise healthy eat-
ing using the Quarter-Quarter-Half (QQH) concept for 
all their main meals. This data was in agreement with the 
responses to a separate question whereby 18.7%, 17.85%, 
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and 16.82% of the respondents adhered to portion size 
recommendations for starch, protein sources, fruits, and 
vegetables for all main meals, respectively. In addition, 
22.4%, 8.6% and 5.3% of the respondents practised the 
QQH concept for both lunch and dinner, lunch alone and 
dinner alone, respectively. Nevertheless, another 15.5% 
of the respondents never practised QQH while eating. 
Factors attributed to the non-adherence to QQH among 
respondents were further explored. While approximately 
14% have never heard about the QQH, 17% of them per-
ceived the QQH was too complicated to practise with 
another 46% perceiving the concept did not work well or 
confer any health benefits.

Stir-flying was the most common cooking preparation, 
with about one-third of the respondents having stir-fried 
dishes daily (Table 4; Fig. 1). Deep-fried food consump-
tion was much higher than either steam or braised food 
consumption in our study population, denoted by more 
than 35% of the respondents had at least one deep-fried 
food on an alternative day (equal or more than 4 times 
per week). Other cooking preparations, namely grill-
ing, roasting, and air-frying, were less favourable, with 
approximately half the respondents never or hardly con-
sidering the above in cooking.

The respondents used six major cooking oils, as 
depicted in Table 4; Fig. 2. Palm olein was the most used 
cooking oil among Malaysians, which 60% of respondents 
used. This was followed by olive and sunflower oils, with 
approximately 30% of the respondents using the above 
unsaturated fatty acids in cooking. About 2 in 5 respon-
dents were using corn oil in cooking. On the other hand, 
approximately 15%, 11.5% and 6% of the respondents 
used sesame or ginger oil, canola and red palm olein as 
their cooking oils, respectively. The use of blended oil 
was not a common practice, with only approximately 5% 
of the respondents practising this cooking behaviour. In 
contrast, slightly more than 60% of the respondents recy-
cled their cooking oil, with 6 in 10 recycling it more than 
once.

Univariable multinomial regressions were used to 
investigate the effect of variables (sociodemographic fac-
tors, lifestyle) on body weight status, with normal BMI 
set as the reference group (Appendix 1: Tables A1-5). 
Among the sociodemographic factors, younger age (spe-
cifically in the 18–29 years category) was associated with 
a higher risk of being underweight but a lower risk of 
being overweight and obese. Compared to females, male 
respondents have a lower risk of being underweight. 
Correspondingly, they were also at higher risk of being 
overweight and obese. A comparison between different 
ethnicities showed Chinese were more prone to under-
weight and less likely to be overweight and obese. There 
was no significant difference in weight status between 
Malay and Indian respondents. Compared to single 

counterparts, married respondents were more likely to 
be overweight and obese while less likely to be under-
weight. Level of education did not influence the risk of 
being underweight. Notwithstanding, respondents with 
secondary education attainment were more likely to be 
overweight and obese compared to their counterparts 
with higher education attainment. On the other hand, 
interestingly, contrary to the initial hypothesis, family 
income was not associated with body weight status. The 
current body weight status of respondents was influenced 
by their weight status prior to the COVID-19 pandemic 
(Appendix Table A2). Compared to those overweight and 
obese, respondents with normal BMI prior to the pan-
demic were less likely to be overweight and obese during 
the COVID-19 pandemic. However, these respondents 
were more likely to be underweight currently. Despite the 
attempts to manage weight among the respondents, such 
attempts were not associated with body weight status.

In the present study, the level of physical activity was 
not associated with the risk of being overweight and 
obese (Appendix Table A3). On the other hand, contrary 
to common belief, respondents who were sedentary were 
2.6-fold more likely to be underweight. The associations 
between exercise and body weight status did not pro-
duce consistent or dose-dependent findings. Performing 
daily exercise was not associated with body weight status. 
However, compared to respondents who never exercise 
or hardly exercise (defined as less than once a week), exer-
cising 3–4 times per week was associated with approxi-
mately 70% less likelihood of being underweight. Our 
study revealed an important finding on how sleep quality 
may influence body weight status. While sleep quality did 
not affect the risk of being overweight and obese, poor 
sleepers have a 43% higher risk of being underweight. We 
further examined the difficulty of sleeping with the risk of 
being underweight. Compared to their counterparts with 
severe difficulty in sleeping, respondents without sleep 
problems had a 67.3% lower risk of being underweight. 
Although the findings indicated a degree of sleep diffi-
culty was associated with the risk of being underweight 
in a dose-dependent manner, the association was only 
significant for the non-sleeping difficulty group com-
pared to respondents with severe sleeping difficulty. With 
regards to sleep duration, respondents with a moderate 
deficit in sleep duration were two times more likely to be 
overweight and obese as compared to their counterparts 
with a severe deficit in sleep duration. The stress level 
was not associated with the risk of being overweight and 
obese. Nonetheless, highly stressed respondents were 
more likely to be underweight as compared to their coun-
terparts, who self-perceived themselves as low or moder-
ately stressed.

The associations between dietary behaviours and 
body weight status are depicted in Table A4 (appendix). 
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While the risk of being underweight did not differ sig-
nificantly between respondents who consumed more 
often home-cooked meals (more than 3 days per week) 
or less home-cooked meals, there was a 35% increased 
risk of overweight and obese correspondents with fre-
quent home-cooked meal consumption. Skipping lunch 
and dinner more often was associated with an increased 
odd ratio of overweight and obese, by 2.19 and 1.79, 
respectively. Interestingly, higher consumption of out-
side foods produced different findings on body weight 
status, depending on the ordering platform and type of 
eateries. Respondents who eat out more often at either 
the local cuisine restaurants, hawker centres or fast-food 
restaurants had an increased risk of being overweight 
and obese, with a higher odd ratio of overweight and 
obese for western fast-food restaurants (48.4%) com-
pared to local cuisine restaurants or hawker centres 
(31.4%). On the other hand, taking away meals or order-
ing meals using food delivery application platforms did 
not affect the risk of being underweight or overweight/
obese. While the consumption of sugar-sweetened bev-
erages and sweet delicacies were both prevalent among 
the respondents, their associations with the risk of being 
overweight and obese produced different findings. There 
was no difference in the risk of being overweight and 
obese compared to respondents who consumed more 
and less frequent sweet delicacies such as cakes and local 
desserts. In contrast, more frequent consumption of 
sugar-sweetened beverages, namely carbonated, energy 
or cordial drinks, increases the risk of being overweight 
and obese by 32%.

Skipping starchy foods was associated with a higher 
risk of overweight and obesity. Having starchy foods 
such as rice, noodles, bread, cereals and tubers more 
than 4 days per week was associated with a 56.7% lower 
risk of being overweight and obese. In contrast, having 
fried foods regularly, as defined as more than 4 times per 
week, was associated with a 56.2% increased risk of over-
weight and obesity in the study population. Respondents 
who consumed fruits at least on alternate days have a 
70% lower risk of being underweight when compared to 
their counterparts who consumed fruits less frequently. 
Contrary to common belief, there was no association 
between the frequency of vegetable consumption and the 
risk of being underweight or overweight/obese. A similar 
scenario was observed for protein foods, except for milk 
and dairy products. Consuming milk and dairy products 
such as yoghurt and cheese at least on alternative days 
reduced the risk of being underweight by 76.8%, while 
there was no further increase in overweight or obese.

Attempting to practice healthy eating concepts for 
lunch and dinner decreased the risk of being overweight 
and obese by 37.2%. Practising healthy eating for all main 
meals (breakfast, lunch and dinner) was associated with 

a 29.4% lower risk of being overweight and obese; how-
ever, the association was insignificant. Specifically, prac-
tising a controlled portion of protein foods for lunch and 
dinner was associated with approximately 50% lower 
risk of being overweight and obese when compared to 
never practising portion recommendation for protein 
foods. Adherence to portion recommendations for starch 
foods (occupying a quarter of the total portion of foods) 
or fruits and vegetables (occupying half of the total food 
portions) were not associated with a lower risk of being 
underweight, overweight or obese. The reasons for this 
matter are unclear and probably due to the smaller pro-
portion of the respondents who practised the above as 
compared to the protein foods recommendation.

As predicted, food steaming was the most appropriate 
cooking method for reducing the risk of being overweight 
and obese (Appendix Table A5). Increased frequency of 
having steamed foods at least on alternate days (more 
than 4 days per week) was associated with approximately 
48% lower risk of overweight and obesity. While having 
1–3 times grilled foods per week increased the risk of 
being overweight and obese by 33.1%, consuming more 
often than the above did not associate with a higher risk 
of being overweight and obese, probably attributed to the 
small proportion of respondents (less than 15%). While 
1–3 days of having baked foods was associated with a 
56.6% lower risk of being underweight, having more fre-
quently baked foods was not associated with a lower risk 
of being underweight. We further explored the impact of 
baking on the risk of being overweight and obese. Com-
pared to respondents who hardly consumed baked prod-
ucts, there was a dose-dependent association between 
the frequency of baked food consumption and risk of 
being overweight and obese, whereby the risk increased 
by 57.8% and 90.1% for respondents who had baked foods 
for 1–3 days per week and more than 3 days per week, 
respectively. Both roasting and deep-frying increased 
the risk of overweight and obesity in a dose-dependent 
manner. To be specific, while having roasted foods more 
than 3 days per week will have an increased odds ratio 
of overweight and obese by 1.842, similarly consum-
ing frequency of deep-fried foods increased the risk of 
being overweight and obese by 2.3-fold. The usage of 
the new cooking technology, air-frying, deserves further 
elaboration. Despite this new cooking technology was 
not favoured by the study population, having foods pre-
pared using this low-fat cooking option on alternate days 
increased the risk of overweight and obesity by 63.7% 
when compared to non-users. There were consistent 
findings whereby there were no significant associations 
between cooking oil and the risk of being underweight 
among the study population. In the univariable multi-
nomial regression, sunflower oil was the only one sig-
nificantly reduced the risk of overweight and obesity by 
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Fig. 2  Pattern of cooking oil use

 

Fig. 1  Distribution of respondents according to cooking practices
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36.6%. In contrast, palm oil was associated with a 71.9% 
increased risk of overweight and obesity compared to 
non-users. While the use of blended cooking oil did not 
affect the risk of overweight and obesity, it was associated 
with approximately 2.5 times higher risk of underweight 
compared to non-users. In contrast, using recycled cook-
ing oil was associated with a 38.5% lower risk of being 
underweight. Interestingly, recycling cooking oil more 
than three times before discarding it was associated with 
a 39.4% higher risk of overweight and obesity when com-
pared to those who only recycled it once. However, in 
the hierarchical multinomial regression analysis, none of 
the cooking oils had a significant influence on the risk of 
being overweight or obese.

Table 5 shows the hierarchical multinomial regression 
analysis to delineate the final model on factors influenc-
ing inappropriate body weight status, separated as under-
weight and overweight/obese, respectively. This model 
was computed and adjusted with a confounding variable 
(family income). The final model illustrated the total vari-
ance in underweight, overweight, and obesity associated 
with sociodemographic, lifestyle behaviour, and dietary 
practice characteristics. The risks of underweight and 
overweight/obese were multifaceted, including sociode-
mographic factors. In the best-fitting multilevel model 
that predicts the risk of being underweight, being female, 
Chinese, and in the younger age group (18–29 years) 
were the unmodifiable factors associated with higher 
odds of being underweight. High levels of perceived 
stress, habitually not exercising, seldom performing 
moderate or vigorous physical activity, and poor sleep 
quality increase the risk of being underweight. With 
regard to dietary behaviours, consuming milk and dairy 
products (e.g. yoghurt, cheese) less than 3 times per week 
dominated the risk. Baking exhibited a shared risk factor 
for both underweight and overweight / obesity. While 
baking at least once a month was the protecting factor for 
underweight, it was a risk factor for overweight and obe-
sity. On the other hand, blended oil was a risk factor for 
underweight.

On the other hand, there appears to be a different set 
of factors influencing the risk of overweight and obesity. 
Among the non-modifiable sociodemographic factors, 
being male, Indian and other ethnicities and older people 
put an individual at risk of being overweight and obese. 
While the level of physical activity and perceived sleep 
quality were not influencing the risk of being overweight 
and obese, the presence of moderate difficulty in sleep 
duration increased individual risk of being overweight 
and obese. Dietary behaviours play a significant role 
in explaining the risk of overweight and obesity. These 
included higher frequency of lunch skipping (more than 
3 days per week) and avoidance of starchy foods (more 
than 3 days per week), frequent consumption (4–7 days 

per week) of fried foods/high-fat foods and poor adher-
ence to practice quarter-quarter half healthy eating con-
cept for protein foods. As expected, increased frequency 
of having deep-fried foods was a risk factor for over-
weight and obesity. While sunflower oil demonstrated 
protective effects against overweight and obesity in our 
univariable multinomial analysis, the protective effect 
was diminished in the hierarchy multinomial analysis. 
Conversely, although palm oil showed a potential asso-
ciation with an increased risk of overweight and obesity 
in the univariable multinomial analysis, this effect was 
not significant in the final hierarchy multinomial analy-
sis. These findings suggest that the relationship between 
dietary oils and weight outcomes is complex and may be 
influenced by various factors, warranting further explora-
tion. Similarly, neither consumption of sugar-sweetened 
beverages nor sweet delicacies significantly predicts the 
risk of overweight and obesity.

 Discussion
The COVID-19 pandemic has changed how things are 
carried out including the conduct of research, from phys-
ical or face-to-face data collection to online platforms. 
The findings of this research shed light on the concern-
ing state of health-related behaviours among Malaysians. 
Consistent with the previous local studies conducted 
during the COVID-19 pandemic [11, 18] the present 
study reported that the issue of double burden of malnu-
trition remains a significant public health issue in Malay-
sia, whereby the prevalence of overweight and obesity is 
higher than the underweight problem before and during 
the COVID-19 pandemic. In comparison to NHMS 2019, 
about 50% were either overweight or obese [19]​. This 
might be likely attributed to current study used online 
survey instruments which potentially restricted respon-
dents to those proficient in digital technology and with 
internet access, diverging from the broader spectrum 
represented in prior national data.

The current study builds upon the MyNutriLife 
COVID-19 online survey [11] initially conducted dur-
ing the MCO 1.0 lockdown period. Despite initial 
health concerns during the first national lockdown, 
the present study reveals that similar unhealthy eating 
patterns and lifestyle behaviours persisted during the 
subsequent nationwide lockdown. Respondents’ views 
on body image vary widely, with one-third were dissat-
isfied whereas one-fourth expressed satisfaction with 
their body weight status. Moreover, more than 80% of 
respondents attempted to manage their weight during 
MCO 2.0, which was consistent with Tan et al. (2022) 
[18] our findings reveal a higher proportion of weight 
gain (42.8%) during the extended MCO 2.0 period (span-
ning 15 months of full lockdown) compared to the initial 
MCO 1.0 lockdown (encompassing the first 3 months of 
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the full lockdown), as reported by Chin et al. (2022) [11]. 
This trend highlights the escalating issue of overweight 
and obesity in Malaysia, emphasizing the critical need 
to determine nutritional and lifestyle influences on body 
weight status within relatively short durations.

Similar to previous local studies, during the COVID-
19 pandemic [11, 18, 20] a notable prevalence of overall 
unhealthy lifestyle behaviours was evident. Throughout 
MCO 2.0, a majority of Malaysian adults encountered 
reduced physical activity (~ 40%), poor sleep quality 
(~ 60%), and high stress levels (~ 70%), collectively high-
lighting the substantial impact on well-being during this 
period. Furthermore, a significant number of Malay-
sian adults heavily relied on outside food sources and 
frequently used food ordering apps, showing a prefer-
ence for convenient food choices over home-cooked 
meals. This trend aligned with a notable consumption 
of sugar-related foods and beverages, along with insuf-
ficient adherence to recommended fruit, and vegetable 
intake, and balanced meals encompassing starchy foods, 
protein sources, milk and milk products, and legumes. 
The common practices of frequent snacking and meal 
skipping raised concerns as approximately one in four 
individuals were at risk of eating disorders. This is con-
sistent with a recent systematic review demonstrated that 
there was an increase in disordered eating behaviours 
during COVID-19 pandemic [21]. Respondents demon-
strated diverse cooking methods and oils preferences. 
Deep-frying and stir-frying were the most favoured cook-
ing methods while grilling, roasting, and air-frying were 
less commonly preferred. Palm olein was the most pre-
ferred cooking oil while blended oil was least preferred. 
Cooking methods and oil preferences reflect different 
approaches to healthy eating and could significantly 
impact the dietary behaviours and nutritional status of 
the individuals.

About 16% of respondents adopted healthier eating 
habits through the QQH concept, while 15.5% did not 
embrace the concept, probably attributed to their low 
awareness or doubts about health benefits. The low level 
of awareness of the healthy eating concept observed in 
our study is consistent with the recent national survey 
[22]. In the above study, approximately 80% of Malay-
sian adults had never heard of the healthy plate con-
cept, despite its nationwide promotion since 2016. These 
findings, together with our study results, suggest that 
more strategic efforts including the implementation of 
more effective communication strategies are needed 
to improve the visibility and adoption of QQH among 
Malaysians.

Our study identified five key factors, namely socio-
demographics, body weight perceptions, lifestyle 
behaviours, dietary habits, and cooking methods, 
that contributed to addressing both underweight and 
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overweight/obesity issues during the COVID-19 pan-
demic. To the best of our knowledge, this is the first study 
to report two distinct comprehensive factorial models 
for underweight and overweight/obese, respectively. We 
found that both similarities and differences in these key 
factors affect both ends of the weight spectrum. There-
fore, to effectively combat these health challenges, we 
need to understand these shared and unique factors well 
before devising comprehensive strategies. This was sup-
ported by a nationally representative community-based 
study that suggested that incorporating sociodemo-
graphic, lifestyle, and health status risk factors for both 
underweight and overweight or obesity can assist in 
developing intervention strategies that target these con-
ditions [23].

In the present study, single respondents were more 
prone to being underweight. This finding coincides with 
a global study which demonstrated that those who live 
alone have a reduced likelihood of gaining weight [24]. 
Similarly, a previous study conducted in the United King-
dom revealed that being single, divorced, or widowed was 
associated with irregular eating habits during national 
lockdowns [25]. It is conceivable that single people might 
not have the same support system as married people, 
which could make them feel more stressed. On the other 
hand, during the COVID-19 pandemic, being in a rela-
tionship seems to reduce the likelihood of experiencing 
stress, anxiety, or depression symptoms [26]. The expe-
rience of stressful life events has been associated with a 
consistent decrease in food intake. However, our research 
was unable to definitively determine whether depression 
was the primary driver of emotional eating or if it served 
as a coexisting symptom alongside the psychological 
challenges individuals were facing.

Contrary to common assumptions, the study’s unex-
pected conclusion was that people who reported being 
sedentary were more likely to be underweight. However, 
it is imperative to acknowledge the limitations inherent 
in self-reported data and the cross-sectional design of the 
study, necessitating cautious interpretation of the find-
ings. Several research has consistently linked low physical 
activity to underweight status [27, 28]. This association 
may be explicated by the profound impact of exercise 
on lean body mass. Physical activity has a dual effect on 
body weight, increasing fat-free mass while decreasing 
fat mass, as demonstrated in experimental studies [29]. 
Additionally, physical activity plays an important role in 
skeletal muscle development, increasing lean body mass 
[27]. Notably, a study reveals that inactive individuals 
exhibit a diminished total body lean mass compared to 
those adhering to average or active lifestyles [30]. Besides, 
Weiss et al. (2017) suggested that modest, calorie restric-
tion-induced weight loss in overweight sedentary adults 
decreases whole body and lower extremity lean mass, 

suggesting skeletal muscle atrophy, and reduces absolute 
aerobic capacity, suggesting catabolic activity on the car-
diovascular system [31]. However, dietary intake was not 
assessed in this study and therefore we cannot exclude 
partial confounding and/or mediation by a low energy 
intake, which would require further research to establish.

Another concerning trend highlighted in our study 
was that males are more likely to be overweight com-
pared to females, which contrasts with the Malaysia 
National Health and Morbidity Survey (NHMS 2019) 
that reported higher prevalence of overweight and obe-
sity among Malaysian women [32]. However, our finding 
aligns with two earlier Malaysian studies among young 
adults, both of which observed a greater risk of over-
weight and obesity in males [33, 34] and another study 
that reported an increase of BMI among males during 
the lockdown period compared to females [35]. In addi-
tion, in our current study population, a significantly 
lower proportion of male participants reported adhering 
to healthy eating practices such as the ‘Quarter-Quarter-
Half ’ guideline and consumed fewer fruits and vegetables 
compared to females (data not shown). These dietary 
behaviours are known to influence weight outcomes and 
may partly explain the observed sex differences. Besides, 
there have been varied reports on how men and women 
were affected by weight gain, particularly during periods 
of lifestyle disruption such as the COVID-19 pandemic. 
While men tend to have a greater likelihood of weight 
gain or obesity [36, 37] due to higher visceral fat [38] a 
recent systematic review found that both sexes expe-
rienced weight gain during the pandemic [38]. These 
inconsistencies suggest that multiple factors are likely 
to shape sex-based differences in weight gain, including 
behavioral, environmental, and psychosocial influences. 
These findings highlight the necessity for specified inter-
ventions addressing overweight and underweight condi-
tions based on gender-specific factors, especially during 
public health crises such as the COVID-19 pandemic. 
Furthermore, these interventions should consider the 
multifaceted nature of these issues, including biologi-
cal, environmental, and socioeconomic determinants; 
thereby, we can effectively mitigate the adverse health 
outcomes associated with malnutrition.

The present study reveals a notable trend whereby indi-
viduals below 30 years old are less likely to be overweight 
as compared to those aged more than 50. The result was 
contradicted by previous studies, which often suggested a 
negative correlation between age and weight gain, posit-
ing factors such as declining appetite and energy intake 
with increasing age [18, 24]. On the contrary, an earlier 
study suggested younger adults may face a heightened 
risk of obesity due to their susceptibility to an obesogenic 
environment [39] characterised by a screen-based seden-
tary lifestyle and energy-dense diet, which is attributed to 
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cohort-effect of obesity, with inconsistency in the find-
ings have been reported [40]. As a global epidemic, obe-
sity has particularly afflicted older adults and has seen 
a steady increase over the past decades [41]. The ageing 
process is typically marked by significant loss of muscle 
mass, reduced physical activity and basal metabolic rate 
with a preference for oxidizing carbohydrates instead of 
fat [42]. These age-related changes are commonly asso-
ciated with increased susceptibility to obesity. However, 
it is important to note that the findings should be inter-
preted cautiously, as weight and height were self-reported 
by respondents, which may cause certain biases and inac-
curacies in estimating weight, height as well as BMI.

Ethnicities are proven to play a role in body weight sta-
tus. Our finding reveals a lower risk of overweight among 
Chinese, in contrast to Malays respondents. This finding 
was consistent with previous national population sur-
veys [32, 43] and studies in Singapore [44, 45]. In a recent 
age-period-cohort analysis based on four serial popu-
lation-based National Health and Morbidity Surveys 
of Malaysia, Chinese have less profound BMI and waist 
circumference increases across the life course and birth 
cohorts than other ethnic groups [46]. The observed dif-
ferences in dietary patterns across ethnic groups might 
explain this trend [47, 48]. Abdullah et al. (2016) hypoth-
esized the greater preference for healthy-based over the 
Western-based (high in fat, sugar, and salts) food pattern 
among Chinese adolescents than their Malay counter-
parts may likely explain healthier BMI and waist circum-
ference trajectories among the Chinese, particularly those 
born more recently [47]. Besides dietary patterns, genetic 
predisposition may also contribute to ethnic differences. 
In a sample of Adult Americans in California, the multi-
ethnic study had unequivocally reported that the Chinese 
have lower odds of obesity compared to Japanese, Fili-
pino and Whites [49].

Meal frequency has been frequently reported as a 
dietary determinant for overweight or obese [50]. Among 
the three main meals, the association between breakfast 
frequency and overweight or obesity has been the most 
extensively studied. Two recent systematic reviews con-
firmed that skipping breakfast increased the risk of over-
weight or obesity among adults, respectively [51, 52]. 
Besides breakfast, few studies have previously reported 
the association between skipping dinner and overweight 
or obesity among adults. In a cross-sectional study in 
Spain, dinner skipping in women increased their risk of 
obesity by 76%, while there was no increased prevalence 
of obesity among men who skipped dinner [53]. This was 
supported by a more recent retrospective cohort study in 
Japan whereby skipping dinner predicted the incidence 
of weight gain and overweight or obesity in university 
students [54]. The British birth cohort including 1416 
young adults reported dinner skipping at the age of 36 

years increased the risk of overweight or obesity (waist 
circumference and body mass index) 17 years later [55]. 
Notwithstanding our findings were in contrast with the 
above studies whereby breakfast or dinner skipping was 
not associated with risk of overweight or obesity, lunch 
skipping among the current cohort subjects increased 
their risk of overweight or obesity. Studies concerning the 
clinical impacts of lunch skipping on overweight/obesity 
were relatively scarce, attributed to a relatively lower per-
centage of lunch skipping. Similarly, lunch skipping was 
much less prevalent than skipping breakfast or dinner in 
the present study.

Compared to studies on skipping breakfast or dinner, 
there has been less research on the effect of skipping 
lunch on the likelihood of being overweight or obese. 
This could be because skipping breakfast or supper is 
more common. However, recent research of Korean 
children clarifies the possible repercussions of skipping 
lunch [56]. They reported that children who skipped 
lunch were 2.5 times more likely to have central obe-
sity and to be obese besides 1.9 times more likely to be 
overweight, compared to their peers who did not skip 
lunch. This compelling evidence underscores the need 
for more extensive and in-depth prospective studies to 
unravel the causal relationship between lunch skipping 
and the development of obesity. Through this, research-
ers could provide more valuable insights into the specific 
mechanism of skipping lunch and weight-related out-
comes. This can gain a comprehensive understanding 
of the role of meal timing towards overall health. One 
plausible explanation is skipping lunch may involve an 
upregulation of appetite, resulting in an elevated overall 
energy intake. This hypothesis is supported by an ear-
lier study whereby extending the interval between meals 
significantly increases the likelihood of consuming more 
calories [57]. This was supported by a recent study con-
firming skipping a meal, whether it be breakfast or lunch, 
leads to greater energy intake at subsequent meals [58].

Meal skipping has been consistently linked not only to 
an increased risk of overweight and obesity but also to a 
decline in overall diet quality [57, 58]which can have neg-
ative implications for long-term health. With diet qual-
ity refers to a diversified, balanced and healthy diet that 
provides energy and all essential nutrients for growth, 
leading to a healthy and active life, poor quality diets 
are often high in fats and sugars, primarily composed 
of discretionary calories from cakes, pastries, and sug-
ary beverages, which are not nutrient-dense. Excessive 
consumption of foods high in fat and sugar can cause 
heightened activity in the brain’s reward system and dis-
rupt homeostatic mechanisms, which increases the risk 
of overweight and obesity [59]. Studies conducted on a 
variety of populations have consistently shown that peo-
ple who skip meals have poorer food quality than those 
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who are non-skippers [60–64]. The analysis of data from 
the five waves of the US National Health and Nutrition 
Examination Survey (NHANES 2007–2016) further 
highlighted the impact of meal skipping on diet quality. 
On the other hand, the type of meal skipped, whether 
it be breakfast, lunch, or dinner, was found to influence 
diet quality differently [58]. Skipping lunch or dinner was 
associated with a reduction in fruit and vegetable intake 
while skipping breakfast was associated with a lower 
intake of whole grains and milk products. This showed 
the importance of taking into account the meal missed 
when analysing its impact on eating patterns.

Notably, a comprehensive systematic review focus-
ing on children and adolescents revealed that eating 
breakfast was associated with an overall improvement in 
dietary quality. This positive impact included a decreased 
intake of sugar-sweetened beverages, saturated fats, and 
added sugars, indicative of healthier food choices [65]. 
Unfortunately, there is a paucity of information regarding 
the skipping of other main meals, such as lunch or dinner, 
among adults. While evidence among adolescents sug-
gests lower dietary quality for those skipping lunch [64] 
comparable information for adult populations remains 
limited. Further research in this area is warranted to bet-
ter understand the implications of meal skipping on adult 
dietary habits and health outcomes.

The adverse effects of meal omission extend beyond 
concerns related to body weight. A recent study revealed 
that adults who skipped breakfast, lunch and dinner had 
40%, 12% and 16% of higher rates of cardiovascular dis-
ease mortality or all-cause mortality [66]. In contrast, 
Park, Shin & Lee (2023) presented nuanced results, indi-
cating that while skipping breakfast increased the risk 
of elevated fasting blood glucose levels and triglycerides 
by 18% and 19%, women who skipped dinner exhibited 
a 26% lower risk of elevated fasting blood glucose levels 
[67]. In a systematic review involving 11 randomised con-
trolled trials and prospective cohort studies, while break-
fast omission significantly decreased body weight, it was 
concurrently associated with an increased level of serum 
low-density lipoprotein cholesterol [68]. These divergent 
outcomes highlight the absence of a conclusive stance on 
the overall impact of meal skipping on health outcomes, 
highlighting gaps in the existing body of literature. While 
it is important for more robust evidence to facilitate a 
clearer understanding of the intricate interplay between 
meal skipping and health outcomes, individuals are 
advised to refrain from skipping meals. Practising a bal-
anced and regular meal pattern is advisable to promote 
overall well-being including an appropriate body weight.

Respondents who ate roasted foods daily were asso-
ciated with overweight and obesity risk. However, it is 
crucial to interpret this data cautiously, considering the 
small percentage of respondents who reported daily 

consumption of roasted foods. Malaysian roasted cui-
sines differ from those of Caucasian cultures. Our Malay-
sian cuisine is a great blend of cultural variety, shaped by 
Malay, Chinese, and Indian cuisines. In Malaysia, popu-
lar roasted dishes like satay and ayam percik are widely 
enjoyed and easily accessible, forming an integral part of 
the country’s diverse culinary landscape. However, these 
dishes used ingredients such as sweet soy sauce, sugars, 
peanut sauce and coconut milk adding layers of flavour 
but also increasing their calorie content. While delicious, 
the traditional methods of preparing these dishes tend to 
be rich and indulgent, which may contribute to the rising 
rates of overweight and obesity in the country. Similar 
issues have been reported with regard to the preparation 
of vegetable dishes in local cuisine, where stir-frying or 
cooking with water and coconut milk was found to offset 
the nutritional benefits of vegetables [69]. Coconut milk, 
a prominent ingredient, is extensively used in cooking as 
a thickening and emulsifying agent due to the presence 
of phospholipids, enhancing stability in various foods. 
While this culinary practice contributes to the unique 
and delicious flavours of Malaysian cuisine, it also estab-
lishes coconut milk as a primary source of culinary fat in 
the Malaysian diet. The COVID-19 pandemic has further 
shaped culinary trends in Malaysia. Movement restric-
tions and a shortage of workforce led to an increased 
demand for coconut-based products, including culinary 
coconut milk. The market size for culinary coconut milk 
surged from 67.3 to 71.9 USD million from 2021 to 2022 
in Malaysia [70] underscoring the extensive use of coco-
nut milk in Malaysian cuisine, including during the roast-
ing of dishes like satay and ayam percik. Understanding 
the dual role of coconut milk as a cultural staple and a sig-
nificant contributor to culinary fat in the Malaysian diet 
is crucial for promoting awareness about dietary choices. 
Efforts to balance traditional flavours with healthier 
cooking practices could contribute to mitigating the 
unintended consequences of calorie-dense ingredients, 
thus fostering a healthier eating culture in Malaysia. This 
cultural nuance emphasises the importance of under-
standing regional variations in dietary habits and cooking 
methods when interpreting health-related findings.

Our study found a low adoption of the Healthy Plate 
concept among Malaysians. In particular, respondents 
practising the Healthy Plate concept specifically during 
lunch and dinner, exhibited a 23% lower risk of being 
overweight compared to those who did not embrace this 
concept. Our findings align with a recent study in Malay-
sia, indicating that a 10-week diet intervention employ-
ing the Healthy Plate concept led to a 1.5-unit reduction 
in BMI and a 4.8% decrease in body weight [71]. On 
the other hand, our data, however, must be interpreted 
with caution considering the significance was applied to 
the adoption of healthy eating concepts for protein-rich 
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recommendations only. In the previous study, the corre-
lation between protein intake and its impact on weight 
management exhibits inconsistencies. Despite the wide-
spread recommendation for high protein intake to curb 
weight gain and aid individuals dealing with obesity, the 
long-term findings from observational studies and vari-
ous randomized controlled diet interventions do not con-
sistently validate the presumed beneficial effects of high 
protein intake on body weight or metabolic health. Con-
trary to conventional expectations, a high-protein diet 
over time has been associated with obesity and a higher 
risk of cardiometabolic disorders [72, 73]. This observa-
tion is particularly salient in regions where protein-rich 
foods in local cuisine are frequently prepared using high-
fat cooking methods, such as deep frying or cooking in 
coconut milk. Despite the acute satiating effect and the 
greater thermic effect of feeding associated with protein, 
the evidence underscores the necessity for a nuanced 
approach to comprehend the intricate interplay between 
protein intake, dietary practices, and their lasting impact 
on weight and metabolic outcomes.

One of our key findings reveals that embracing the 
recommended amount of protein foods as outlined 
in the Healthy Plate concept (a quarter of the healthy 
plate should comprise protein-rich foods) can effec-
tively mitigate the risk of being overweight. Intriguingly, 
studies conducted in Malaysia consistently indicate a 
prevalent trend of high protein intake among Malay-
sians. A systematic review and meta-analysis including 
15 small-scale studies and 5 nationwide studies revealed 
Malaysians had an average excess of protein of approxi-
mately 2 exchanges over the mean recommended nutri-
ent intake (RNI) for both sexes across all age groups [74]. 
This comparison emphasises the significance of adopting 
the healthy eating concept, particularly the need for con-
suming protein in a well-balanced and mindful approach. 
In light of the escalating rate of obesity in Malaysia, it 
becomes particularly noteworthy to encourage the prac-
tice of the healthy eating concept as a proactive measure 
in addressing this pressing health concern.

The Healthy Plate Concept is recognised as a practical 
nutrition education tool and extensively incorporated in 
many national dietary guidelines across the globe [75]. 
Despite widespread promotion in various settings, such 
as health clinics, schools, and grocery markets, through 
mass media and an online application [76] awareness of 
the Healthy Plate Concept remains low among Malay-
sians [22]. Recognising the growing evidence of its posi-
tive impact on overweight and obesity, there is a pressing 
need for effective strategies to promote the widespread 
adoption of this user-friendly concept in the community 
and the nation.

Strength and limitations of study
To the best of our knowledge, MyNutriLifeCOVID-19 
is the first online study to investigate the associations 
between lifestyle behaviours and body weight changes 
among Malaysian adults during the COVID-19 pandemic 
lockdown. The use of an online survey enabled the effi-
cient recruitment of a large sample, making it a practical 
and timely research tool during movement restrictions. 
A key strength of this study lies in its nationwide cover-
age, capturing responses from all five regions of Malaysia 
and achieving a substantial sample size of 1,182 partici-
pants, thus enhancing the generalisability of the findings. 
A significant strength of this study lies in its application 
of hierarchical multinomial regression, which identifies 
critical risk factors for weight status while highlighting 
the intricate interplay between sociodemographic, life-
style, and behavioural variables. This methodological 
rigor enables a deeper understanding of how these fac-
tors interact, providing essential insights into the chal-
lenges of maintaining healthy weight during a public 
health crisis.

Several limitations in the present study should be taken 
into consideration. First, the respondents self-reported 
all information, including anthropometric data and life-
style behaviours, which may be subject to recall bias. 
Self-reported measures are often used in extensive pop-
ulation health studies due to limitations in funding and 
resources; however, research comparing self-reported 
height and weight data with clinical data generally finds 
discrepancies between the two sets of measurements, 
with specific groups of people over-reporting height 
and/or under-reporting weight [77]. On the other hand, 
a Malaysian study has shown substantial agreement 
between self-reported and measured anthropometric 
data, with BMI classifications demonstrating strong con-
cordance [13] supporting the validity of self-reported 
measures in this context. Nonetheless, fluctuations in 
body weight could not be accounted for by recent nutri-
tional intake, menstrual cycles, or transient fluctuations 
since the timing of self-reported weight was not speci-
fied. The results of this investigation should, therefore, be 
regarded cautiously. One of the limitations of this study is 
the use of convenience sampling and online data collec-
tion, which may have led to underrepresentation of cer-
tain vulnerable populations, particularly older adults with 
limited internet access or digital literacy. While these 
methods were necessary during the COVID-19 pandemic 
due to movement restrictions and safety concerns, we 
recognize that this approach may have introduced sam-
pling bias. Future studies should consider using mixed-
method approaches, including offline data collection, to 
ensure more inclusive and representative sampling across 
diverse population groups. Longitudinal studies with 
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more robust study designs are needed to ascertain our 
findings.

Conclusion
The findings of the present study revealed a diverse spec-
trum of weight-related challenges during Malaysia’s sec-
ond lockdown, with the prevalence of overweight and 
obesity remains a significant public health concern. Fur-
thermore, a notable proportion of the population contin-
ues to grapple with underweight issues, highlighting the 
double burden of malnutrition within the population. 
Despite the majority attempting weight management, 
insufficient physical activity, prevalent poor sleep qual-
ity and unhealthy dietary behaviours were found in the 
present study. Additionally, the hierarchical multinomial 
regression analysis highlighted multifaceted risk factors 
for both underweight and overweight/obesity, emphasiz-
ing the importance of addressing sociodemographic, life-
style, and dietary factors in comprehensive public health 
strategies. As we navigate through successive phases of 
the pandemic, it is imperative to prioritize public health 
interventions that target the root causes of unhealthy 
behaviours. Effective combating of these challenges 
necessitates targeted interventions aimed at high-risk 
demographics and the promotion of healthier lifestyle 
habits through community-oriented initiatives.

AOR: Adjusted odd ratio; Ref: reference; CI: Confi-
dence Interval; LB: Lower Boundary; UB: Upper Bound-
ary * p < 0.05.

Nagelkerke Residuals: Model 0-21.7%; Model 1-0.7%; 
Model 2-6.6%; Model 3-10.6%; Model 4-5.5%; Model 
Final model-32.6%.

Final model: Intercept for Underweight: -−2.220(1.626); 
Overweight and obese: 1.556(0.717); Stepwise variable 
selection method was used. Adjusted with confounding 
variable (family income), classification percentage: 65.5%, 
AIC: 1804.183, BIC: 2224.746, −2log likelihood value: 
350.660, p < 0.001.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​5​-​2​3​6​9​9​-​9.

Supplementary Material 1.

Acknowledgements
The authors would like to thank the participants for their support in 
completing the survey. We also expressed our gratitude to the Malaysian Palm 
Oil Board (MPOB) and Universiti Putra Malaysia (UPM) for their support and 
funding of this research. Their contributions were instrumental in enabling the 
nationwide implementation of the MyNutriLifeCOVID-19 survey.

Authors' contributions
YMC and YSC equally conceptualised the study, prepared the manuscript, 
responsible for communications with other co-authors and accepts full 
responsibility for the work and/or the conduct of the study. MA, NBMY, PYL, RL 

and KRS participated in the design of the study, data collection and review of 
the manuscript in several stages. PYL performed the statistical analysis.

Funding
This work was co-supported by the Malaysian Palm Oil Board under project 
number FN2-2/2021 and Universiti Putra Malaysia. The funders have no 
specific role in the conceptualisation, design, data collection, analysis or 
decision to publish.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the ethical principles outlined 
in the Declaration of Helsinki. Ethical approval was obtained from Ethics 
Committee for Research Involving Human Subjects of Universiti Putra 
Malaysia, with reference number JKEUPM-2020-163. As the study was 
conducted online during the COVID-19 pandemic, informed consent was 
obtained electronically from all participants prior to their participation in the 
study. 

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Faculty of Medicine and Health Sciences, Strategic Health & Advanced 
Prevention for Excess Weight & Obesity (PUTRA-SHAPE), Universiti Putra 
Malaysia, Serdang, Selangor 43400, Malaysia
2Research Centre of Excellence on Nutrition and Non-communicable 
Diseases, Faculty of Medicine and Health Sciences, Universiti Putra 
Malaysia, Serdang, Selangor 43400, Malaysia
3Department of Community Health, Faculty of Medicine and Health 
Sciences, Universiti Putra Malaysia, Serdang, Selangor 43400, Malaysia
4Faculty of Sports Science & Recreation, Universiti Teknologi MARA, Shah 
Alam, Selangor 40450, Malaysia
5Department of Dietetics, Faculty of Medicine and Health Sciences, 
Universiti Putra Malaysia, Serdang, Selangor 43400, Malaysia
6Nutrition Unit, Division of Product Development and Advisory Services, 
Malaysian Palm Oil Board, No. 6, Persiaran Institusi, Bandar Baru Bangi, 
Kajang, Selangor 43000, Malaysia
7Promoting Resilience and Innovation in Multidisciplinary Ageing 
Excellence (PrimAGE), Faculty of Medicine and Health Sciences, Universiti 
Putra Malaysia, Serdang, Selangor 43400, Malaysia

Received: 8 January 2025 / Accepted: 23 June 2025

References
1.	 Awadasseid A, Wu Y, Tanaka Y, Zhang W. Initial success in the identifica-

tion and management of the coronavirus disease 2019 (COVID-19) 
indicates human-to-human transmission in wuhan, China. Int J Biol Sci. 
2020;16(11):1846. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​1​5​0​​/​i​​j​b​s​.​4​5​0​1​8. eCollection 2020.

2.	 World Health Organisation. WHO Coronavirus Disease (COVID-19) Dashboard. 
2021. Available from: ​h​t​t​p​​s​:​/​​/​c​o​v​​i​d​​1​9​.​​w​h​o​​.​i​n​t​​/​?​​g​c​l​​i​d​=​​C​j​0​K​​C​Q​​i​A​1​​K​i​B​​B​h​C​c​​A​R​​I​s​
A​​P​W​q​​o​S​r​H​​d​3​​0​Y​I​​5​K​i​​0​J​k​Y​​C​2​​Z​j​s​​N​A​N​​m​A​M​7​​F​e​​t​y​o​​N​8​t​​G​V​v​j​​o​x​​x​d​l​l​H​V​v​u​A​E​6​d​E​a​A​q​
W​t​E​A​L​w​_​w​c​B. Accessed 16 Feb 2021.

3.	 Elengoe A. COVID-19 outbreak in Malaysia. Osong Public Health Res Perspect. 
2020;11(3):93–100. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​4​1​7​​1​/​​j​.​p​​h​r​p​​.​2​0​2​​0​.​​1​1​.​3​.​0​8.

4.	 Tang KHD. Movement control as an effective measure against Covid-19 
spread in malaysia: an overview. J Public Health. 2020;30(3):583–86. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​3​8​9​-​0​2​0​-​0​1​3​1​6​-​w.

https://doi.org/10.1186/s12889-025-23699-9
https://doi.org/10.1186/s12889-025-23699-9
https://doi.org/10.7150/ijbs.45018
https://covid19.who.int/?gclid=Cj0KCQiA1KiBBhCcARIsAPWqoSrHd30YI5Ki0JkYC2ZjsNANmAM7FetyoN8tGVvjoxxdllHVvuAE6dEaAqWtEALw_wcB
https://covid19.who.int/?gclid=Cj0KCQiA1KiBBhCcARIsAPWqoSrHd30YI5Ki0JkYC2ZjsNANmAM7FetyoN8tGVvjoxxdllHVvuAE6dEaAqWtEALw_wcB
https://covid19.who.int/?gclid=Cj0KCQiA1KiBBhCcARIsAPWqoSrHd30YI5Ki0JkYC2ZjsNANmAM7FetyoN8tGVvjoxxdllHVvuAE6dEaAqWtEALw_wcB
https://doi.org/10.24171/j.phrp.2020.11.3.08
https://doi.org/10.1007/s10389-020-01316-w
https://doi.org/10.1007/s10389-020-01316-w


Page 25 of 26Chin et al. BMC Public Health         (2025) 25:3020 

5.	 Perveen A, Hamzah H, Ramlee F, et al. Mental health and coping response 
among Malaysian adults during COVID-19 pandemic movement control 
order. J Crit Rev. 2020;7(18):653–60.

6.	 World Health Organization. Physical status: the use and interpretation of 
anthropometry. Report of a WHO Expert Committee. WHO Technical Report 
Series 854. Geneva: World Health Organization; 1995.

7.	 Heikal Ismail M, Ghazi TIM, Hamzah MH, et al. Impact of movement control 
order (MCO) due to coronavirus disease (COVID-19) on food waste genera-
tion: A case study in Klang Valley. Malaysia Sustain. 2020;12(21):8848. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​u​1​2​2​1​8​8​4​8.

8.	 Nadzir MSM, Ooi MCG, Alhasa KM, et al. The impact of movement control 
order (MCO) during pandemic COVID-19 on local air quality in an urban area 
of Klang valley, Malaysia. Aerosol Air Qual Res. 2020;20(6):1237–48. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​4​2​0​9​​/​a​​a​q​r​.​2​0​2​0​.​0​4​.​0​1​6​3.

9.	 Latif MT, Dominick D, Hawari NSSL, et al. The concentration of major air pol-
lutants during the movement control order due to the COVID-19 pandemic 
in the Klang valley, Malaysia. Sustain Cities Soc. 2021;66:102660. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​c​s​.​2​0​2​0​.​1​0​2​6​6​0.

10.	 Goi CL. The river water quality before and during the movement control 
order (MCO) in Malaysia. Case Stud Chem Environ Eng. 2020;2:100027. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​s​​c​e​e​​.​2​0​2​​0​.​​1​0​0​0​2​7.

11.	 Chin YS, Woon FC, Chan YM. The impact of movement control order 
during the COVID-19 pandemic on lifestyle behaviours and body weight 
changes: findings from the MyNutriLifeCOVID-19 online survey. PLoS ONE. 
2022;17(1):e0262332. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​6​2​3​3​2.

12.	 Mignogna C, Costanzo S, Ghulam A, Cerletti C, Donati MB, de Gaetano G, 
Iacoviello L, Bonaccio M. Impact of nationwide lockdowns resulting from the 
first wave of the COVID-19 pandemic on food intake, eating behaviors, and 
diet quality: A systematic review. Adv Nutr. 2022;13(2):388–423. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​9​3​​/​a​​d​v​a​n​c​e​s​/​n​m​a​b​1​3​0.

13.	 Chia YC, Ching SM, Ooi PB, Beh HC, Chew MT, Chung FFL, Kumar N, Lim HM. 
Measurement accuracy and reliability of self-reported versus measured 
weight and height among adults in malaysia: findings from a nationwide 
blood pressure screening programme. PLoS ONE. 2023;18(1):e0280483. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​8​0​4​8​3.

14.	 Buysse DJ, Reynolds CF III, Monk TH, et al. The Pittsburgh sleep quality index: 
a new instrument for psychiatric practice and research. Psychiatry Res. 
1989;28(2):193–213. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​0​​1​6​5​-​1​7​8​1​(​8​9​)​9​0​0​4​7​-​4.

15.	 Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J 
Health Soc Behav. 1983;24(4):385–96.

16.	 Garner DM, Olmsted MP, Bohr Y, Garfinkel PE. The eating attitudes test: psy-
chometric features and clinical correlates. 1982;12(4):871–78. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​1​7​​/​s​​0​0​3​3​2​9​1​7​0​0​0​4​9​1​6​3.

17.	 Wider W, Mutang JA, Chua BS, et al. Assessing the factor structure of the eat-
ing attitude Test-26 among undergraduate students in Malaysia. Front Nutr. 
2023;10:1212919. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​u​t​.​2​0​2​3​.​1​2​1​2​9​1​9.

18.	 Tan ST, Tan CX, Tan SS. Changes in dietary intake patterns and weight status 
during the COVID-19 lockdown: a cross-sectional study focusing on young 
adults in Malaysia. Nutrients. 2022;14(2):280. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​4​0​2​0​
2​8​0.

19.	 Institute for Public Health (IPH). National health and morbidity survey (NHMS) 
2019: vol. 1: NCDs–Non-Communicable diseases: risk factors and other health 
problems. National Institutes of Health, Ministry of Health Malaysia; 2020.

20.	 Ahmad A, Shahril MR, Wan-Arfah N, et al. Changes in health-related lifestyles 
and food insecurity and its association with quality of life during the COVID-
19 lockdown in Malaysia. BMC Public Health. 2022;22(1):1–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​2​-​1​3​5​6​8​-​0.

21.	 McLean CP, Utpala R, Sharp G. The impacts of COVID-19 on eating disorders 
and disordered eating: A mixed studies systematic review and implications. 
Front Psychol. 2022;13:926709. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​p​s​y​g​.​2​0​2​2​.​9​2​6​7​0​9.

22.	 Mohamad Hasnan A, Norsyamlina CAR, Cheong SM, et al. Ever-never heard of 
‘malaysian healthy plate’: how many people know and practice this healthy 
eating concept? PLoS ONE. 2023;18:e0288325. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​
l​​.​p​o​n​​e​.​​0​2​8​8​3​2​5.

23.	 Pengpid S, Peltzer K. The prevalence and associated factors of underweight 
and overweight/obesity among adults in kenya: evidence from a National 
cross-sectional community survey. Pan Afr Med J. 2020;36(1):338. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​1​6​0​​4​/​​p​a​m​​j​.​2​​0​2​0​.​​3​6​​.​3​3​8​.​2​1​2​1​5.

24.	 Huang J, Chan SC, Ko S, et al. Factors associated with weight gain during 
COVID-19 pandemic: a global study. 2023;18(4):e0284283. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​8​4​2​8​3.

25.	 Herle M, Smith AD, Bu F, et al. Trajectories of eating behavior during COVID-
19 lockdown: longitudinal analyses of 22,374 adults. Clin Nutr ESPEN. 
2021;42:158–65. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​l​​n​e​s​​p​.​2​0​​2​1​​.​0​1​.​0​4​6.

26.	 Nkire N, Nwachukwu I, Shalaby R, et al. COVID-19 pandemic: influence of 
relationship status on stress, anxiety, and depression in Canada. Ir J Psychol 
Med. 2022;39(4):351–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​i​​p​m​.​2​0​2​1​.​1.

27.	 Elinder LS, Sundblom E, Rosendahl KI. Low physical activity is a predictor of 
thinness and low self-rated health: gender differences in a Swedish cohort. J 
Adolesc Health. 2011;48(5):481–86. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​​d​o​h​​e​a​l​t​​h​.​​2​0​1​0​.​
0​8​.​0​0​5.

28.	 Kantanista A, Osinski W. Underweight in 14 to 16 year-old girls and boys: 
prevalence and associations with physical activity and sedentary activities. 
Ann Agric Environ Med. 2014;21(1):114–19.

29.	 Must A, Barish E, Bandini L. Modifiable risk factors in relation to changes in 
BMI and fatness: what have we learned from prospective studies of school-
aged children? Int J Obes (Lond). 2009;33(7):705–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​i​​
j​o​.​2​0​0​9​.​6​0.

30.	 Baxter-Jones AD, Kontulainen SA, Faulkner RA, Bailey DA. A longitudinal study 
of the relationship of physical activity to bone mineral accrual from adoles-
cence to young adulthood. Bone. 2008;43(6):1101–07. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​
6​​/​j​​.​b​o​n​e​.​2​0​0​8​.​0​7​.​2​4​5.

31.	 Weiss EP, Jordan RC, Frese EM, et al. Effects of weight loss on lean mass, 
strength, bone, and aerobic capacity. Med Sci Sports Exerc. 2017;49(1):206–
17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​4​9​​/​M​​S​S​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​1​0​7​4.

32.	 Chong CT, Lai WK, Mohd Sallehuddin S, Ganapathy SS. Prevalence of over-
weight and its associated factors among Malaysian adults: findings from a 
nationally representative survey. PLoS ONE. 2023;18(8):e0283270. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​8​3​2​7​0.

33.	 Ishak SIZS, Arumugam P, Chin YS. Health-related quality of life, body mass 
index, and disordered eating among students during covid-19 movement 
control order in malaysia: a cross-sectional study. JPH RECODE. 2025;8(2):109–
20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​0​4​7​​3​/​​j​p​h​​r​e​c​​o​d​e​.​​v​8​​i​2​.​5​5​1​2​7.

34.	 Chin YS, Appukutty M, Kagawa M, et al. Comparison of factors associated 
with disordered eating between male and female Malaysian university 
students. Nutrients. 2020;12(2):318. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​2​0​2​0​3​1​8.

35.	 Rai A, Gurung S, Thapa S, Saville NM. Correlates and inequality of under-
weight and overweight among women of reproductive age: evidence from 
the 2016 Nepal demographic health survey. PLoS ONE. 2019;14(5):e0216644. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​1​6​6​4​4.

36.	 Maltoni G, Zioutas M, Deiana G, Biserni GB, Pession A, Zucchini S. Gender 
differences in weight gain during lockdown due to COVID-19 pandemic in 
adolescents with obesity. Nutr Metab Cardiovasc Dis. 2021;31(7):2181–5. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​u​​m​e​c​​d​.​2​0​​2​1​​.​0​3​.​0​1​8.

37.	 Byeon H. Predicting South Korean adolescents vulnerable to obesity after 
the COVID-19 pandemic using categorical boosting and Shapley additive 
explanation values: A population-based cross-sectional survey. Front Pediatr. 
2022;10:955339.

38.	 Nour TY, Altintaş KH. Effect of the COVID-19 pandemic on obesity and its risk 
factors: A systematic review. BMC Public Health. 2023;23(1):1018. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​3​-​1​5​8​3​3​-​2.

39.	 Allman-Farinelli M, Chey T, Bauman AE, et al. Age, period and birth cohort 
effects on prevalence of overweight and obesity in Australian adults from 
1990 to 2000. Eur J Clin Nutr. 2008;62(7):898–907. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​j​.​e​j​
c​n​.​1​6​0​2​7​6​9.

40.	 An R, Xiang X. Age–period–cohort analyses of obesity prevalence in US 
adults. Public Health. 2016;141:163–69. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​u​h​e​.​2​0​1​6​.​0​
9​.​0​2​1.

41.	 Batsis JA, Zagaria AB. Addressing obesity in aging patients. Med Clin. 
2018;102(1):65–85. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​m​c​n​a​.​2​0​1​7​.​0​8​.​0​0​7.

42.	 Ramel A, Stenholm S. Obesity and health in older adults. In: Geirsdóttir ÓG, 
Bell JJ, editors. Interdisciplinary nutritional management and care for older 
adults: an Evidence-Based practical guide for nurses. Cham, Switzerland: 
Springer International Publishing; 2021. pp. 207–14.

43.	 Ghee LK. A review of adult obesity research in Malaysia. Med J Malaysia. 
2016;71(1):1–19.

44.	 Lee YS, Biddle S, Chan MF, et al. Health promotion board–ministry of health 
clinical practice guidelines: obesity. Singap Med J. 2016;57(6):292–300. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​2​​2​/​​s​m​e​d​j​.​2​0​1​6​1​0​3.

45.	 Park SH, Nicolaou M, Dickens BSL, et al. Ethnicity, neighborhood and indi-
vidual socioeconomic status, and obesity: the Singapore multiethnic cohort. 
Obes. 2020;28(12):2405–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​o​​b​y​.​2​2​9​9​5.

https://doi.org/10.3390/su12218848
https://doi.org/10.3390/su12218848
https://doi.org/10.4209/aaqr.2020.04.0163
https://doi.org/10.4209/aaqr.2020.04.0163
https://doi.org/10.1016/j.scs.2020.102660
https://doi.org/10.1016/j.scs.2020.102660
https://doi.org/10.1016/j.cscee.2020.100027
https://doi.org/10.1016/j.cscee.2020.100027
https://doi.org/10.1371/journal.pone.0262332
https://doi.org/10.1093/advances/nmab130
https://doi.org/10.1093/advances/nmab130
https://doi.org/10.1371/journal.pone.0280483
https://doi.org/10.1371/journal.pone.0280483
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1017/s0033291700049163
https://doi.org/10.1017/s0033291700049163
https://doi.org/10.3389/fnut.2023.1212919
https://doi.org/10.3390/nu14020280
https://doi.org/10.3390/nu14020280
https://doi.org/10.1186/s12889-022-13568-0
https://doi.org/10.1186/s12889-022-13568-0
https://doi.org/10.3389/fpsyg.2022.926709
https://doi.org/10.1371/journal.pone.0288325
https://doi.org/10.1371/journal.pone.0288325
https://doi.org/10.11604/pamj.2020.36.338.21215
https://doi.org/10.11604/pamj.2020.36.338.21215
https://doi.org/10.1371/journal.pone.0284283
https://doi.org/10.1371/journal.pone.0284283
https://doi.org/10.1016/j.clnesp.2021.01.046
https://doi.org/10.1017/ipm.2021.1
https://doi.org/10.1016/j.jadohealth.2010.08.005
https://doi.org/10.1016/j.jadohealth.2010.08.005
https://doi.org/10.1038/ijo.2009.60
https://doi.org/10.1038/ijo.2009.60
https://doi.org/10.1016/j.bone.2008.07.245
https://doi.org/10.1016/j.bone.2008.07.245
https://doi.org/10.1249/MSS.0000000000001074
https://doi.org/10.1371/journal.pone.0283270
https://doi.org/10.1371/journal.pone.0283270
https://doi.org/10.20473/jphrecode.v8i2.55127
https://doi.org/10.3390/nu12020318
https://doi.org/10.1371/journal.pone.0216644
https://doi.org/10.1371/journal.pone.0216644
https://doi.org/10.1016/j.numecd.2021.03.018
https://doi.org/10.1016/j.numecd.2021.03.018
https://doi.org/10.1186/s12889-023-15833-2
https://doi.org/10.1186/s12889-023-15833-2
https://doi.org/10.1038/sj.ejcn.1602769
https://doi.org/10.1038/sj.ejcn.1602769
https://doi.org/10.1016/j.puhe.2016.09.021
https://doi.org/10.1016/j.puhe.2016.09.021
https://doi.org/10.1016/j.mcna.2017.08.007
https://doi.org/10.11622/smedj.2016103
https://doi.org/10.11622/smedj.2016103
https://doi.org/10.1002/oby.22995


Page 26 of 26Chin et al. BMC Public Health         (2025) 25:3020 

46.	 Teh CH, Rampal S, Kee CC, et al. Body mass index and waist circumference 
trajectories across the life course and birth cohorts, 1996–2015 malaysia: sex 
and ethnicity matter. Int J Obes (Lond). 2023;47(12):1302–08. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​3​8​​/​s​​4​1​3​6​6​-​0​2​3​-​0​1​3​9​1​-​5.

47.	 Abdullah NF, Teo PS, Foo LH. Ethnic differences in the food intake patterns 
and its associated factors of adolescents in Kelantan. Malaysia Nutrients. 
2016;8(9):551. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​8​0​9​0​5​5​1.

48.	 Shyam S, Khor G-L, Ambak R, et al. Association between dietary patterns and 
overweight risk among Malaysian adults: evidence from nationally represen-
tative surveys. Public Health Nutr. 2020;23(2):319–28. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​
S​​1​3​6​8​9​8​0​0​1​9​0​0​1​8​6​1.

49.	 Gong S, Wang K, Li Y, Zhou Z, Alamian A. Ethnic group differences in obesity 
in Asian Americans in california, 2013–2014. BMC Public Health. 2021;21:1589. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​1​-​1​1​6​1​2​-​z.

50.	 St-Onge M-P, Ard J, Baskin ML, et al., et al. Meal timing and frequency: impli-
cations for cardiovascular disease prevention: a scientific statement from the 
American heart association. Circulation. 2017;135(9):e96–121. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​1​6​1​​/​C​​I​R​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​4​7​6.

51.	 Ma X, Chen Q, Pu Y, et al. Skipping breakfast is associated with overweight 
and obesity: A systematic review and meta-analysis. Obes Res Clin Pract. 
2020;14(1):1–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​o​r​c​p​.​2​0​1​9​.​1​2​.​0​0​2.

52.	 Wicherski J, Schlesinger S, Fischer F. Association between breakfast skipping 
and body weight—A systematic review and meta-analysis of observational 
longitudinal studies. Nutrients. 2021;13(1):272. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​3​0​
1​0​2​7​2.

53.	 Marín-Guerrero A, Gutierrez-Fisac J, Guallar-Castillón P, et al. Eating 
behaviours and obesity in the adult population of Spain. Bri J Nutr. 
2008;100(5):1142–48. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​S​​0​0​0​7​1​1​4​5​0​8​9​6​6​1​3​7.

54.	 Yamamoto R, Tomi R, Shinzawa M, et al. Associations of skipping breakfast, 
lunch, and dinner with weight gain and overweight/obesity in university 
students: a retrospective cohort study. Nutrients. 2021;13(1):271. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​3​0​1​0​2​7​1.

55.	 Pot GK, Hardy R, Stephen AM. Irregularity of energy intake at meals: prospec-
tive associations with the metabolic syndrome in adults of the 1946 British 
birth cohort. Bri J Nutr. 2016;115(2):315–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​S​​0​0​0​7​1​1​4​
5​1​5​0​0​4​4​0​7.

56.	 Kim Y, Son K, Kim J, et al. Associations between school lunch and obesity 
in Korean children and adolescents based on the Korea National health 
and nutrition examination survey 2017–2019 data: A Cross-Sectional study. 
Nutrients. 2023;15(3):698. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​5​0​3​0​6​9​8.

57.	 Mancino L, Kinsey JD. Is dietary knowledge enough? Hunger, stress, and 
other roadblocks to healthy eating. Economic Research Report: United States 
Department of Agriculture, Economic Research Service; 2008.

58.	 Zeballos E, Todd JE. The effects of skipping a meal on daily energy intake and 
diet quality. Public Health Nutr. 2020;23(18):3346–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​
S​​1​3​6​8​9​8​0​0​2​0​0​0​0​6​8​3.

59.	 Alonso-Alonso M, Woods SC, Pelchat M, et al. Food reward system: current 
perspectives and future research needs. Nutr Rev. 2015;73(5):296–307. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​n​​u​t​r​i​t​/​n​u​v​0​0​2.

60.	 Barr SI, Vatanparast H, Smith J. Breakfast in canada: prevalence of consump-
tion, contribution to nutrient and food group intakes, and variability across 
tertiles of daily diet quality. A study from the international breakfast research 
initiative. Nutrients. 2018;10(8):985. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​0​0​8​0​9​8​5.

61.	 Fayet-Moore F, McConnell A, Cassettari T, Petocz P. Breakfast choice is associ-
ated with nutrient, food group and discretionary intakes in Australian adults 
at both breakfast and the rest of the day. Nutrients. 2019;11(1):175. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​1​0​1​0​1​7​5.

62.	 Medin AC, Myhre JB, Diep LM, Andersen LF. Diet quality on days without 
breakfast or lunch - Identifying targets to improve adolescents’ diet. Appetite. 
2019;135:123–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​​p​e​t​​.​2​0​1​​9​.​​0​1​.​0​0​1.

63.	 Ramsay SA, Bloch TD, Marriage B, et al. Skipping breakfast is associated with 
lower diet quality in young US children. Eur J Clin Nutr. 2018;72(4):548–56. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​4​3​0​-​0​1​8​-​0​0​8​4​-​3.

64.	 Spruance LA, Clason S, Burton JH, et al. Diet quality is lower for those who 
skip lunch among a sample of predominantly black adolescents. Am J Health 
Promot. 2021;35(5):694–97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​8​9​0​1​1​7​1​2​0​9​8​1​3​7.

65.	 Ricotti R, Caputo M, Monzani A, et al. Breakfast skipping, weight, cardiometa-
bolic risk, and nutrition quality in children and adolescents: A systematic 
review of randomized controlled and intervention longitudinal trials. Nutri-
ents. 2021;13(10):3331. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​3​1​0​3​3​3​1.

66.	 Sun Y, Rong S, Liu B, et al. Meal skipping and shorter meal intervals are associ-
ated with increased risk of all-cause and cardiovascular disease mortality 
among Us adults. J Acad Nutr Diet. 2023;123(3):417–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​
1​6​​/​j​​.​j​a​n​d​.​2​0​2​2​.​0​8​.​1​1​9. e3.

67.	 Park H, Shin D, Lee KW. Association of main meal frequency and skipping 
with metabolic syndrome in Korean adults: a cross-sectional study. Nutr J. 
2023;22(1):24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​7​-​0​2​3​-​0​0​8​5​2​-​x.

68.	 Yu J, Xia J, Xu D, et al. Effect of skipping breakfast on cardiovascular risk fac-
tors: a grade-assessed systematic review and meta-analysis of randomized 
controlled trials and prospective cohort studies. Front Endocrinol (Lausanne). 
2023;14:1256899. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​e​n​d​o​.​2​0​2​3​.​1​2​5​6​8​9​9.

69.	 Shu PS, Chan YM, Huang SL. Higher body mass index and lower intake 
of dairy products predict poor glycaemic control among type 2 diabetes 
patients in Malaysia. PLoS ONE. 2017;12(2):e0172231. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​
j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​1​7​2​2​3​1.

70.	 Fortune Business Insight. Malaysia culinary coconut milk market size, share 
& COVID-19 impact analysis, by product type (coconut milk, coconut milk 
powder, coconut cream, and coconut cream powder), by form (liquid and 
powder), by distribution channel (supermarkets / hypermarkets, convenient 
stores, grocery stores, and online retails), and country forecast, 2023–2030. 
2023. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​f​​o​r​t​​u​n​e​​b​u​s​i​​n​e​​s​s​i​​n​s​i​​g​h​t​s​​.​c​​o​m​/​​m​a​l​​a​y​s​i​​a​-​​c​u​l​​i​
n​a​​r​y​-​c​​o​c​​o​n​u​t​-​m​i​l​k​-​m​a​r​k​e​t​-​1​0​6​5​2​6. Accessed 28 Dec 2023.

71.	 Muthuvadivelu S, Hussin N, Muninathan P, et al. Effectiveness of combined 
Malaysia healthy plate method (Half-half Quarter) and physical activity 
at workplace setting among healthcare workers. Int J Public Health Res. 
2023;13(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​7​5​7​​6​/​​i​j​p​​h​r​.​​1​3​0​1​​.​2​​0​2​3​.​0​3.

72.	 Fappi A, Mittendorfer B. Dietary protein intake and obesity-associated cardio-
metabolic function. Curr Opin Clin Nutr Metab Care. 2020;23(6):380–86. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​M​​C​O​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​6​8​9.

73.	 Mittendorfer B, Klein S, Fontana L. A word of caution against excessive pro-
tein intake. Nat Rev Endocrinol. 2020;16(1):59–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​
5​7​4​-​0​1​9​-​0​2​7​4​-​7.

74.	 Shahar S, Jan Bin Jan Mohamed H, de Los Reyes F, Amarra MS. Adherence of 
Malaysian adults’ energy and macronutrient intakes to National recommen-
dations: a review and meta-analysis. Nutrients. 2018;10(11):1584. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​0​1​1​1​5​8​4.

75.	 Montagnese C, Santarpia L, Iavarone F, et al. North and South American coun-
tries food-based dietary guidelines: A comparison. Nutrition. 2017;42:51–63. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​u​t​.​2​0​1​7​.​0​5​.​0​1​4.

76.	 Che Abdul Rahim N, Ahmad MH, Siew Man C, et al. Factors influencing the 
levels of awareness on Malaysian healthy plate concept among rural adults in 
Malaysia. Int J Environ Res Public Health. 2022;19(10):6257. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
3​3​9​0​​/​i​​j​e​r​p​h​1​9​1​0​6​2​5​7.

77.	 Van Dyke N, Drinkwater EJ, Rachele JN. Improving the accuracy of self-
reported height and weight in surveys: an experimental study. BMC Med Res 
Methodol. 2022;22:241. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​8​7​4​-​​0​2​2​-​0​​1​6​9​0​-​x.

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

https://doi.org/10.1038/s41366-023-01391-5
https://doi.org/10.1038/s41366-023-01391-5
https://doi.org/10.3390/nu8090551
https://doi.org/10.1017/S1368980019001861
https://doi.org/10.1017/S1368980019001861
https://doi.org/10.1186/s12889-021-11612-z
https://doi.org/10.1186/s12889-021-11612-z
https://doi.org/10.1161/CIR.0000000000000476
https://doi.org/10.1161/CIR.0000000000000476
https://doi.org/10.1016/j.orcp.2019.12.002
https://doi.org/10.3390/nu13010272
https://doi.org/10.3390/nu13010272
https://doi.org/10.1017/S0007114508966137
https://doi.org/10.3390/nu13010271
https://doi.org/10.3390/nu13010271
https://doi.org/10.1017/S0007114515004407
https://doi.org/10.1017/S0007114515004407
https://doi.org/10.3390/nu15030698
https://doi.org/10.1017/S1368980020000683
https://doi.org/10.1017/S1368980020000683
https://doi.org/10.1093/nutrit/nuv002
https://doi.org/10.1093/nutrit/nuv002
https://doi.org/10.3390/nu10080985
https://doi.org/10.3390/nu11010175
https://doi.org/10.3390/nu11010175
https://doi.org/10.1016/j.appet.2019.01.001
https://doi.org/10.1038/s41430-018-0084-3
https://doi.org/10.1038/s41430-018-0084-3
https://doi.org/10.1177/089011712098137
https://doi.org/10.3390/nu13103331
https://doi.org/10.1016/j.jand.2022.08.119
https://doi.org/10.1016/j.jand.2022.08.119
https://doi.org/10.1186/s12937-023-00852-x
https://doi.org/10.3389/fendo.2023.1256899
https://doi.org/10.1371/journal.pone.0172231
https://doi.org/10.1371/journal.pone.0172231
https://www.fortunebusinessinsights.com/malaysia-culinary-coconut-milk-market-106526
https://www.fortunebusinessinsights.com/malaysia-culinary-coconut-milk-market-106526
https://doi.org/10.17576/ijphr.1301.2023.03
https://doi.org/10.1097/MCO.0000000000000689
https://doi.org/10.1097/MCO.0000000000000689
https://doi.org/10.1038/s41574-019-0274-7
https://doi.org/10.1038/s41574-019-0274-7
https://doi.org/10.3390/nu10111584
https://doi.org/10.3390/nu10111584
https://doi.org/10.1016/j.nut.2017.05.014
https://doi.org/10.1016/j.nut.2017.05.014
https://doi.org/10.3390/ijerph19106257
https://doi.org/10.3390/ijerph19106257
https://doi.org/10.1186/s12874-022-01690-x

	﻿Dietary behaviours, cooking practices and their associations with body weight status among Malaysians – a nationwide study during COVID-19 pandemic
	﻿Abstract
	﻿Introduction
	﻿Methodology
	﻿Study design and participants
	﻿Data collection
	﻿Instrumentation
	﻿Socio demographic background
	﻿Self-reported anthropometric indices
	﻿Health status and disease history
	﻿Lifestyle habits
	﻿Eating behaviour
	﻿Consumption pattern of cooking oil
	﻿Statistical analysis

	﻿Results
	﻿ Discussion
	﻿Strength and limitations of study

	﻿Conclusion
	﻿References


