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Background: The double burden of malnutrition among children is an emerging public health problem, especially in developing
countries. Eating behaviours have been hypothesised to contribute to both being underweight and overweight in children and adults.
The objective of this study was to examine the association between the Child Eating Behaviour Questionnaire (CEBQ) subscale scores
and body mass index (BMI) z-scores among Malaysian children under-5 years.

Methods: This was a cross-sectional study conducted in 2020 by recruiting a sample of 500 children aged 24-59 months old from
clinics located in the interior districts of Sabah, Malaysia. The CEBQ was completed by the mothers on behalf of the child to assess
their eating behaviour traits. The height and weight of the child were measured using standardised instrument. The BMI-for-age
percentile, z-scores for BMI-for-age, height-for-age and weight-for-age were determined and classified using World Health
Organization AnthroPlus software. The relationship between the CEBQ subscale scores and BMI z-scores were evaluated using
multiple linear regression models adjusting for potential confounders.

Results: The prevalence of underweight, stunting and wasting were 20.2%, 29.2% and 5.6%, respectively, whereas the prevalence of
overweight and obese was 5.0%. There were significant positive association between Food responsiveness, Emotional overeating,
Enjoyment of food with BMI z-scores (p<0.05; unstandardised regression coefficient: 0.17 to 0.38). In contrast, there were significant
negative association between Satiety responsiveness, Slowness of eating, Food fussiness with BMI z-scores (p<0.01; unstandardised
regression coefficient: —0.35 to —0.36).

Conclusion: These findings show that specific eating behaviours can influence the growth of children under-5 years. Therefore,
policymakers should formulate a nutrition policy that incorporates behavioural assessment and behavioural intervention in the
prevention and management of malnutrition among children in Malaysia.
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Introduction
The emergence of double burden of malnutrition among children is a public health problem, especially in developing
countries such as Malaysia." Malaysia’s National Health and Morbidity Survey (NHMS) in 2019 reported that the
prevalence of stunting, underweight, wasting, overweight, and obesity were 21.8%, 14.1%, 9.4% and 5.6%, respectively,
among Malaysian children under-5 years.? Individual differences in eating behaviour have been hypothesised to
contribute both to being underweight and overweight.’

Children’s Eating Behaviour Questionnaire (CEBQ) is a validated questionnaire that is feasible in large studies to
assess the eight types of eating behaviours in children.’ The CEBQ contains four subscales that measure “food approach”
behaviours such as Food Responsiveness (FR), Enjoyment of Food (EF), Emotional Overeating (EOE), Desire to Drink
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(DD) and four subscales that measure “food avoidant” behaviours, namely Satiety Responsiveness (SR), Slowness in
Eating (SE), Emotional Undereating (EUE), Food Fussiness (FF).*

FR refers to the tendency to eat in response to food cues such as sight and smell of food; meanwhile, EF reflects
a more general interest in food and desire to eat.” EOE refers to overeating in response to negative emotions, whereas
EUE represents a reduction in consumption due to emotional discomfort or distress.> DD is described as wanting to
consume sugar-sweetened beverages.” The reduction of eating speed during a meal because of lack of interest in food
characterises SE.® SR reflects the ability to adjust eating in response to internal feelings of satiety.” FF refers to being
highly selective about which food to eat and indicates a rejection of specific foods, including unfamiliar and new foods.®

The eating behaviour patterns become established at the end of the preschool period and tend to remain stable through
the life of the child.® As a result, children affected by overweight or obesity were prone to remain overweight or obese in
adulthood.” Thus, research should primarily focus on eating behaviours in young children, unlike previous paediatric
studies that mainly involve school-aged children and adolescent.'® The objective of this study was to examine the
association between the scores of the Child Eating Behaviour Questionnaire and BMI z-scores among Malaysian children
under-5 years.

Methodology
Design and Study Population

This was a cross-sectional analytical study, which was conducted in the district of Tenom, Keningau, Nabawan and
Tambunan in the state of Sabah, Malaysia, from July to October 2020. The sampling frame was children aged 24-59
months old who were under follow up with the participating public-funded health facilities within the study period.
A total of 550 samples were selected via proportionate stratified random sampling from the 15 participating health
facilities. Of these, a total of 500 children who had complete data for the questionnaire were included in the analysis with
a response rate of 91%.

There were two sets of respondents, the children and their caretakers. Children aged 24—59 months old were eligible
for the study if they were Malaysian citizens and residents in the district of Tenom, Keningau, Tambunan and Nabawan.
Children who had a mental disorder, physical disability or suffering any serious disease were excluded from this study.
Informed consent was obtained from the adult respondents and conformed to the Malaysian ethical standard for research.
This study was conducted in accordance with the Declaration of Helsinki. Full ethical approvals were obtained from the
Medical Research and Ethics Committee of the Ministry of Health Malaysia (NMRR-19-2468-49983) and from
University Malaysia Sabah (JKEtika3/19(28)).

Questionnaire

The nurses from all the health facilities were trained by the researchers for the administration of the questionnaires during
the interview sessions. The questionnaire comprises questions relating to the CEBQ subscales, socioeconomic and
demographic status of the child and caretaker. The CEBQ is a 35-item parent-rated validated questionnaire designed
to measure the eating behaviours using a 1-5 Likert scale from “never” to ‘always’. The CEBQ has a good internal
consistency with Cronbach’s o ranging between 0.72 to 0.91 and adequate test-retest reliability (r: 0.52-0.87).

The CEBQ consists of eight subscales, with each subscale containing three to six items. The scoring of the CEBQ
subscales is obtained by adding up the scores of questions that belonged to the same subscale producing the item mean
value and standard deviation of the eight subscales. The CEBQ questionnaire was previously translated to Malay via
forward and backward translation by Loh et al.> Prior permission was obtained from Dr Clare Llewellyn to use the
English and Malay version of CEBQ. Written informed consent was obtained from all the respondents prior to the study.

Anthropometric Measurement

Anthropometric measurements on children under-5 years were performed by trained clinical staff following a standard
protocol. Children barefooted in lightweight clothing were asked to step on the calibrated digital weighing scale (SECA
model 708), which measured the weight of the child to the nearest 10g. The height of the children was measured with
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a SECA stadiometer. The BMI-for-age percentile, z-scores for BMI-for-age, Height-for-age, Weight-for-age were
determined and classified using World Health Organization AnthroPlus software version 1.0.4.

Statistical Analysis

Data that were obtained from the questionnaires were cleaned, edited, coded and analysed with SPSS version 23. The
prevalence of the nutritional status of the children is expressed as frequency (percentage) with 95% confidence interval.
The nutritional status is determined based on the z-scores for BMI-for-age, Height-for-age, Weight-for-age. The BMI-for-
age percentile is also classified into four groups of BMI categories, namely underweight (<5th centile), normal weight
(>5th to <85th centile), overweight (>85th to <95th centile) and obese (>95th centile).'!

Descriptive analysis was conducted on the demographic and socioeconomic characteristics of the study respondents.
Pearson’s correlation was computed to evaluate the relationships between mean item scale scores between CEBQ
subscales. Based on Cohen’s criteria, the correlation coefficient represents the effect size of the correlation where
correlation between 0.50 and 1.00 is regarded as large, correlations between 0.30 to 0.49 is considered medium, while
the correlation between 0.10 and 0.29 is considered small.'?

Simple linear regression analyses were conducted to determine the association between CEBQ subscale score, age,
ethnicity, household income, parental smoking and education level with child BMI z-scores. The socioeconomic and
demographic factors that were significant from the univariable analysis were included in multiple linear regression
analysis. The relationship between the CEBQ subscale scores and BMI z-scores were evaluated using multiple linear
regression models adjusting for potential confounders, namely sex, ethnicity, household income, education level and
occupation.

Two different models were presented in this current study. Model 1 shows the unadjusted unstandardised regression
coefficient (B) results of all eight dimensions of CEBQ subscales. Model 2 shows the adjusted unstandardised regression
coefficient results after adjusting for confounding variables. The level of significance was set at 5%. The mean scores on
CEBQ were then plotted for each weight category to visually demonstrate the differences between the BMI group.

Results

Sample Characteristics

The prevalence of undernutrition among children under-5 years using the conventional measures were underweight
20.2%, stunting 29.2% and wasting 5.6%; meanwhile, the prevalence of overweight and obese was 5.0% (Table 1). The
mean age of the study population was 38.91 £ 11.33 months. The three age groups were approximately the same size. As
shown in Table 2, the male sex slightly outnumbers the female sex. The majority of the children included in the study
population (78.6%) had normal weight. Children with overweight and obesity were more often of non-Kadazandusun and
non-Murut origin.

In contrast, higher proportions of children from the Murut ethnicity were found to be underweight. Mothers or
caretakers of underweight children were more often lower educated; meanwhile, those with tertiary education more often
had overweight and obese children. Apart from that, families with household income above the poverty line were
reported as 15.4% overweight, 13.4% obese and 5.8% underweight. On the contrary, 7.4% of children were underweight,
7.1% overweight, and 5.4% obese were from families with household income below the poverty line. The poverty line
income for Sabah was RM 2537 in 2019."

Table | Prevalence of Stunting, Underweight, Wasting and Overweight and Obese
Among Children Under-5 Years in the Interior Districts of Sabah in 2020

Nutritional Status Frequency (%) 95% Confidence Interval
Stunting 146 (29.2) 25.2-33.4
Underweight 101 (20.2) 16.8-24.0
Wasting 28 (5.6) 3.8-8.0
Overweight and Obese 25 (5.0) 33-73
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Table 2 Sociodemographic Characteristics of Children and Their Parents According to the BMI Categories of Children Under-5

Years in the District of Keningau, Tenom, Tambunan and Nabawan

BMI Categories

Underweight Normal Weight Overweight Obese

n= 36 n= 393 n= 40 n=31
Age of Child (months), n (%)
24-35 16 (7.6) 173 (82.0) 15 (7.1) 7 (3.3)
3647 10 (6.5) 111 (72.5) 15 (9.8) 17 (11.2)
48-59 10 (7.4) 109 (80.1) 10 (7.4) 7 (5.1)
Sex of child, n (%)
Male 19 (7.1) 208 (77.9) 19 (7.1) 21 (7.9)
Female 17 (7.3) 185 (79.4) 21 (9.0) 10 (4.3)
Ethnicity of child, n (%)
Murut 23 (9.8) 195 (83.0) 12 (5.1) 5@2.1)
Kadazan-dusun 8 (3.6) 167 (75.6) 26 (11.8) 20 (9.0)
Others 5(11.4) 31 (70.5) 2 (4.5) 6 (13.6)
Education level of Mother/Caretaker, n (%)
Primary and less 10 (13.5) 59 (79.7) 34.1) 2(2.7)
Secondary 21 (5.6) 294 (78.8) 32 (8.6) 26 (7.0)
Tertiary 5(94) 40 (75.5) 5(94) 3(5.7)
Household income, n (%)
Above poverty line 3(5.8) 34 (65.4) 8 (15.4) 7 (13.4)
Below poverty line 33 (74) 359 (80.1) 32 (7.1) 24 (5.4)
Occupation of mother/caretaker, n (%)
Housewife 28 (6.9) 326 (80.5) 28 (6.9) 23 (5.7)
Working mother/caretaker 8 (8.4) 67 (70.6) 12 (12.6) 8 (8.4)
Parental Smoking status, n (%)
Do not smoke 24 (6.5) 290 (78.9) 27 (7.3) 27 (7.3)
Smokes 12 (9.1) 103 (78.1) 13 (9.8) 4 (3.0)

Correlations Between Scales

As shown in Table 3, a large effect size correlation between “food approach” subscales were observed for EF — FR,
whereas medium correlations were found for FR — EOE subscales and FR — DD. Besides that, small correlations were
reported between “food approach” subscales for EF — EOE, EF — DD subscales and EOE — DD. In contrast, a large effect

Table 3 Pearson’s Correlations Between the CEBQ Subscales

CEBQ Scales I (FR) 2 (EOE) 3 (EF) 4 (DD) 5 (SR) 6 (SE) 7 (EVE) 8 (FF)
Food Responsiveness (FR) |

Emotional overeating (EOE) 0.44%* |

Enjoyment of food (EF) 0.50%* 0.14%* |

Desire to drink (DD) 0.32%* 0.10* 0.25%* |

Satiety responsiveness (SR) —0.33%* —0.10* —0.16%* 0.10* |

Slowness in eating (SE) —0.24** 0.07 —0.23%* 0.11* 0.55%* |

Emotional undereating (EUE) 0.13%* 0.37%* 0.09 0.10* 0.21%* 0.31%* I

Food fussiness (FF) —0.26** 0.00 —0.10% 0.08 0.46%* 0.42+* 0.19%* |

Notes: *p< 0.05; **p<0.01. N= 500.
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size correlation was observed between the “food avoidant” subscales, namely, SR — SE, meanwhile medium correlations
were found between FF — SR and EUE — SE. Moreover, small correlations were reported between “food avoidant”
subscales for FF— EUE and EUE — SR.

Regression Analysis

Table 4 presents a summary of the Simple Linear Regression and Multiple linear regression analyses of CEBQ subscales
scores with BMI z-scores adjusted for confounders such as sex, ethnicity, household income, education level and
occupation. There were significant positive association between FR, EOE, EF with BMI z-score. Adjusted for con-
founders, for every unit increase in FR, EOE and EF, there were corresponding increase in BMI z-scores by 0.17 (B:
0.17; 95% confidence interval between 0.03 to 0.30, p<0.05), 0.38 (B: 0.38; 95% confidence interval between 0.27 to
0.49, p<0.01) and 0.24 (B: 0.24; 95% confidence interval between 0.13 to 0.35, p<0.01) respectively.

In contrast, there were significant negative association between SR, SE, FF with BMI z-scores. Specifically, after
adjusting for confounders, one unit increase in SR, SE and FF decrease the BMI z-scores by 0.35 (B: —0.35; 95%
confidence interval between —0.53 to —0.18, p<0.01), 0.35 (B: —0.35; 95% confidence interval between —0.52 to —0.20,
p<0.01) and 0.36 (B: —0.36; 95% confidence interval between —0.54 to —0.19, p<0.01) respectively. There were no
significant association observed between DD, EUE, with BMI z-scores.

This current study demonstrates a positive graded relation between the magnitude of these “food approach” eating
behaviours scores with BMI categories (Figure 1). Meanwhile, there appears to be a negative graded relation between the
mean “food avoidant” eating behaviours scores with BMI categories (Figure 2).

Discussion
To the best of my knowledge, this present study is the first to investigate the effects of eating behaviours on the BMI
z-scores among children under-5 years in Malaysia and in the state of Sabah. The current study reported a higher
prevalence of stunting among children under-5 years in the interior districts of Sabah as compared to the national
average. This was consistent with the findings from the NHMS 2019, which recorded a higher prevalence of stunting in
rural areas as compared to urban areas.’

This present study demonstrated that FR, EF, DD and EOE were positively correlated as each scale independently,
hence collectively known as “food approach” eating behaviour. Likewise, the CEBQ subscales of SR, SE, EUE, FF also
demonstrated positive inter-correlations between each scale independently, which represents “Food avoidant” eating

behaviour. These findings were comparable with prior research.’*'* “Food approach” eating behaviours refers to the

Table 4 Multiple Linear Regression Analyses CEBQ Subscale Scores and BMI z-Scores

CEBQ Subscale BMI Standard Deviation Scores (z-Scores)

Model | Model 2

Crude B (95% CI) p-value Adjusted B (95% CI) p-value
Food approach scales
Food Responsiveness 0.70 (0.58 to 0.82) <0.01 0.17 (0.03 to 0.30) <0.05
Emotional overeating 0.50 (0.37 to 0.63) <0.01 0.38 (0.27 to 0.49) <0.01
Enjoyment of food 0.51 (0.39 to 0.62) <0.01 0.24 (0.13 to 0.35) <0.01
Desire to drink 0.23 (—0.10 to 0.14) 0.71 -
Food avoidant scales
Satiety responsiveness —0.95 (—-1.12 to —0.79) <0.01 —0.35 (—-0.53 to —0.18) <0.01
Slowness in eating —0.81 (—0.96 to —0.65) <0.01 —0.35 (—0.52 to —0.20) <0.01
Emotional undereating —0.05 (—0.22 to 0.11) 0.53 -
Food fussiness —0.87 (—1.06 to —0.69) <0.01 —0.36 (—0.54 to —0.19) <0.01

Notes: Model |: unadjusted. Model 2: adjusted for sex, ethnicity, household income, education level and occupation. B: unstandardised regression coefficient. Crude B:
Unadjusted unstandardised regression coefficient. Adjusted B: Adjusted unstandardised regression coefficient. Coefficient determination (RZ) = 47.9%.
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Figure 2 Mean “food avoidant” subscale scores by body mass index category.

behaviour of moving towards or a desire for food, whereas “food avoidant” eating behaviours refers to the behaviour of
moving away from food.

Interestingly, this present study unravels a positive association observed between FR and BMI z-score. A possible
explanation is that children with high FR are generally more responsive to the food cues from the environment, such as
sight and smell of food, compared to children with low FR.®> These findings were consistent with the previous
studies.*'*'> Moreover, FR becomes more apparent as the children get older and more autonomous in their eating
habits.* Thus, FR eating behaviour could be a potential behavioural predictor of the individual’s susceptibility to obesity.

As hypothesised, the EF was positively related with the BMI z-score similarly with FR since both eating behaviours
promote the intake of food. This is further substantiated by a large effect correlation observed between EF-FR, which
suggest that EF is comparable to FR eating behaviour but involves a more general interest in food and desire to eat.’
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Theoretically, the CEBQ subscales of EF and FR capture the activation of the hedonic control of the appetite system.'®
The current study findings suggest that the high-level EF appetitive trait in children may contribute to weight gain, which
ultimately leads to obesity.

The positive relationship observed between EOE and BMI z-score replicates the prior findings.*'> This finding
presented here further substantiated previous literature regarding the proposed idea originated in the psychosomatic
theory of obesity that eating due to emotional stress rather than due to hunger may result in excessive weight gain.'’
Moreover, more often, the composition of food consumed by emotional eaters is high in sugar content, laden with fat and
energy-dense foods that invariably increases the risk of developing obesity. However, this finding contradicts previous
studies.'*!” Jansen et al argue that EOE onset occurs later in life because the children are probably too young to exhibit
excessive eating and snacking behaviour and may not have free access to foods yet.!”

In line with our hypothesis, a significant inverse relationship was observed between SR with BMI z-score, which
supports the notion that children who have a higher level of SR eating behaviour tend to have lower BMI z-scores. This
finding concurs with the previous studies.*'> The possible explanation is that children with a high level of SR are
generally more sensitive to internal satiety cues, which contributes to their capability to have better control over their
food consumption.” This is in line with a previous study that shows that overweight and underweight children have
different satiety responses as compared to normal weight children.'”

This current study demonstrated that the BMI z-score was inversely associated with FF. This observation mirrors
previous work, which shows that children having higher levels of FF tend to have lower BMI z-score as compared to
those with low levels of the corresponding eating behaviours.*'> Children with high-level FF tend to consume food that
is less diverse which may lack essential nutrients such as vitamins, minerals, proteins and fibres.!” As a result, children
that consume insufficient nutrients hinders their own adequate weight gain and growth, which ultimately leads them to
become underweight, stunted and/or wasted in the long term.'” "’

There were significant negative association between SE with BMI z-scores. Okubo et al postulate that individuals
who eat quickly tend to have consumed higher calories as compared to individuals who eat slowly, as they consume more
food before the brain recognises the satiety cues.”’ The slow eating rate can also be attributed to the lack of enjoyment
and interest in food.® Furthermore, a previous study also demonstrated that overweight and obese children tend to eat
faster with a greater bite-size compared to normal weight children.?!

This present study has limitations that warrant discussion. The study is a cross-sectional study which does not allow
for causal inferences to be made. The responses for the CEBQ were subjectively obtained from the mother or caretaker of
the child that was subjected to information bias. In addition, the sample population might not be representative of the
children aged 24-59 months from the entire state of Sabah and Malaysia, as the data collection is only confined to the
four interior districts of Sabah.

Conclusion

In conclusion, these findings found that most “food approach” eating behaviours were positively associated with BMI
z-scores, whereas most “food avoidant” eating behaviours were inversely associated with BMI z-score among children
under-5 years. Therefore, policymakers should formulate a nutrition policy that incorporates behavioural assessment and
behavioural intervention in the prevention and management of malnutrition among children in Malaysia. A future
longitudinal study will be a valuable addition to strengthen the inferences and allow for a clearer understanding of the
impact of eating behaviours on the growth of children under-5 years.
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