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Dietary behaviours, cooking practices

and their associations with body weight status
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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,

*Correspondence:
Yit Siew Chin
chinys@upm.edu.my
Yoke Mun Chan
cym@upm.edu.my

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


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

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

Page 2 of 26

consequences.

lifestyle, and dietary factors in shaping weight outcomes among Malaysian adults, emphasised the importance of
addressing sociodemographic, lifestyle, and dietary factors in comprehensive public health strategies, as it highlighted
multifaceted risk factors for both underweight and overweight/obesity. There is a need for targeted interventions
addressing diverse risk profiles to promote healthier lifestyles and combat the growing burden of obesity-related
health issues. The findings of this study offer crucial insights into the enduring consequences of the COVID-19
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

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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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.
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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/m?), normal weight (18.5-
24.9 kg/m?), overweight (25.0-29.9 kg/m2) and obesity
(230 kg/m?) 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 (a=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 (a) 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.
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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 A1l-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
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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
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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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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
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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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g P 25 L the full lockdown), as reported by Chin et al. (2022) [11].
% S 52 =3 This trend highlights the escalating issue of overweight
i 3 w - o o and obesity in Malaysia, emphasizing the critical need
P h g g g g S to determine nutritional and lifestyle influences on body
2 weight status within relatively short durations.
; « n w @ o Similar to previous local studies, during the COVID-
312 2 AR 19 pandemic [11, 18, 20] a notable prevalence of overall
unhealthy lifestyle behaviours was evident. Throughout
5 .2 285 MCO 2.0, a majority of Malaysian adults encountered
FEIR INEENERN reduced physical activity (~40%), poor sleep quality
S _ - oo (~60%), and high stress levels (~70%), collectively high-
s 5 § Q E; § 503 § lighting the substantial impact on well-being during this
3e period. Furthermore, a significant number of Malay-
,—E 3| = © 9 Q sian adults heavily relied on outside food sources and
=52 S8 222F frequently used food ordering apps, showing a prefer-
ence for convenient food choices over home-cooked
2 S |w % z § N meals. This trend aligned with a notable consumption
38 |°° - ° of sugar-related foods and beverages, along with insuf-
TG . .
Sl 2 @ I D ficient adherence to recommended fruit, and vegetable
% o |93 S S S intake, and balanced meals encompassing starchy foods,
g T . . protein sources, milk and milk products, and legumes.
S g\ = 838 The common practices of frequent snacking and meal
E ol< = S e < skipping raised concerns as approximately one in four
g - - . individuals were at risk of eating disorders. This is con-
2 O |aly S sistent with a recent systematic review demonstrated that
£ ° Olm — o~ . . . . .
g £ there was an increase in disordered eating behaviours
8l . ; @ 295 during COVID-19 pandemic [21]. Respondents demon-
228 1238 S35 strated diverse cooking methods and oils preferences.
S; % Deep-frying and stir-frying were the most favoured cook-
3 2% Be 8530 ing methods while grilling, roasting, and air-frying were
=l 3l< - oS ox 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

o findings, together with our study results, suggest that

= more strategic efforts including the implementation of
5 E more effective communication strategies are needed
g = to improve the visibility and adoption of QQH among
'% % $ % Malaysians.
S g g Our study identified five key factors, namely socio-
n 23%¢ 3523, demographics, body weight perceptions, lifestyle
5 Tggeom g2 behaviours, dietary habits, and cooking methods,
2 TEEY e o that contributed to addressing both underweight and




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

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,
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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 BMIL

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
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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
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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.
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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.
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