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Introduction: Undernutrition in young children is a significant public health problem globally. We determined the prevalence of and factors predisposing to stunting and underweight in children aged 1 to 5 years in Malaysia.

Materials and methods: Data were extracted from a cross-sectional nationwide campaign involving healthy children aged 1–5 years conducted over a 4-month period in 2019. We obtained information on demography, parental height and risk factors of undernutrition and anthropometric measurements (height and weight) of children enrolled. Age and sex-specific z-score for length/height-for-age (HAZ), weight-for-age (WAZ), body mass index (BMI) z-score (BAZ) and weight-for-height/length (WFH) z-score (WFHZ) were obtained using World Health Organization growth standards. The following definitions were used: (a) HAZ < −2 SD as stunted and −2 to −1 SD as at risk of stunting; (b) WFHZ < −3 SD as severe, −3 to < −2 SD as moderate wasting, and −2 to < +1 SD as normal; (c) WAZ −2 to −1 as at risk of underweight; (d) BAZ +1 to < +2 SD as at risk of and > +2 SD as overweight.

Results: Of the 15,331 children surveyed, prevalence of stunting and at risk of stunting were 16.1 and 20.0%, severe and moderate wasting were 4.0 and 6.1%, while 21.1% was at risk of underweight. Prevalence of at risk of and overweight 14.2 and 7.3%, respectively. One in fifth (25.0%) children had at least one form of undernutrition (stunting and/or underweight/wasting). Of the 1,412 (13.2%) children reported to have risk factors of undernutrition, 47.2% had feeding difficulties, 44.8% had poor dietary intake and 8.0% had both. Boys, paternal height < 156 cm and poor dietary intake were significantly associated with stunting and/or wasting. Compared with children with no risk factors, children with feeding difficulties were more likely to be wasted (AOR: 1.48, 95% CI: 1.18–1.85), and had at least one form of undernutrition (AOR: 1.45, 95% CI: 1.25–1.69).

Conclusions: In Malaysian children aged 1 to 5 years, dual burden of under- and overnutrition are common. Poor dietary intake and feeding difficulties were risk factors for undernutrition.
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Introduction

In 2020, it was estimated that 150 million and 45 million children under 5 years of age the world over were stunted and wasted, respectively, while 40 million or 5.7% of children of the same age group were overweight (1). The dual burden of undernutrition and overweight/obesity in children is also seen in Malaysia (2, 3). The proportion of children under 5 years in Malaysia who were underweight and stunted increased from 11.6 and 16.6%, respectively in 2011 to 14.1 and 21.8%, respectively in 2019 while the proportion of children who were overweight/obesity was 6.4% in 2016 and 5.6 % in 2019, respectively (2, 3).

The occurrence of dual burden of over- and undernutrition simultaneously has become a “new normal” (4, 5). Both over- and undernutrition can co-exist in the same individual, the same household, and the same population (5). At the individual level, for instance, an overweight child may be stunted or have micronutrient deficiency. In addition, over- and undernutrition can manifest in different stages over the lifetime of a person. A child may be undernourished in early childhood, followed by a rapid weight gain in late childhood and adolescence, and subsequently became overweight in adulthood with increased risk of non-communicable diseases (6, 7). This can even be passed across generations (8).

In addition, growth faltering in early life has been associated with increased risk of infection, impaired cognitive development and reduced educational performance in childhood and adolescence (9). This may eventually result in decreased economic productivity and an increased risk of non-communicable diseases in adulthood (10–14). Studies from low- and medium-income countries showed that a significant proportion of infants experienced growth faltering during the first 2 years of life (15, 16). Data from 51 national surveys from low- and middle-income countries also revealed that although linear growth deficit persisted between 18 months and 5 years, 70% of the absolute height deficits observed at 5 years of age occurred before age 2 years (17).

One of the most important cause of growth faltering in the first few years of life is food insecurity leading to inadequate energy and nutrient intake (18). Physical growth is also frequently restricted in children with malabsorption, food allergy or feeding problems (19–21). Knowledge on nutritional status in children and affecting factors is useful for both policymakers and healthcare providers of children in planning appropriate preventive and interventional measures. The aim of the present study was to determine the prevalence of stunting and underweight among children aged 1 to 5 years as well as factors associated with undernutrition in Malaysian children aged 1–5 years.



Materials and methods


Study design, setting, and sampling

Data were extracted from a childhood screening and counseling campaign, a cross-sectional nationwide survey conducted over a 4-month period (April-August) in 2019 covering 11 states and one territory in Malaysia. The current study was approved by the ethical committee of University Malaya Medical Center, Kuala Lumpur, Malaysia (MREC 202069-8734).

The sampling method employed was convenient, universal sampling. Parents of all children seeking healthcare service (i.e., vaccination or minor ailments) from the participating healthcare facilities during the campaign period who also fulfilled the study criteria were invited to take in the study. This was to avoid any potential misunderstanding among other parents that their children received different standard of care.



Inclusive criteria and interview

Healthy children aged 1 to 5 years with no significant congenital abnormalities or health issues, or major intercurrent illnesses were eligible to take part. Verbal informed consent from accompanying parent(s) was obtained before the interview. Fathers, mothers, or both provided the consent of their children.



Data collection

Information on gender, age, parental height, and factors affecting nutritional status (feeding issues, and dietary intake) were obtained via interviewer-administered questionnaire. Anthropometric measurements (weight and height) of children were taken by healthcare practitioners using standard procedures. For children aged 2 to 5 years, the height was measured to the nearest 0.1 cm using a stadiometer, and weight was measured to the nearest 0.1 kg using a digital weighing scale. Recumbent length was measured for children aged < 2 years using a length board, to the nearest 0.1 cm. Each measurement was performed twice, and the average was used in the analysis. Only children with complete anthropometric data were included in the analysis.

Anthropometric data for parents accompanying their child were obtained using methods described above for older children. Similarly, only parents with complete anthropometric data were included in the analysis.



Feeding behavior and dietary intake

Questionnaire on feeding issues and food intake were modified from Kerzner et al. (22). Parents were asked the following questions: (a) if their child had feeding issues (easily distracted during mealtime by electronic gadgets, television, etc., being picky with food, limited variety of food, taking longer to finish their meal); and (b) if they were concerned about poor dietary intake (consuming limited choice and/or amount of food) in their child. Presence of one or more feeding issues listed in (a) was considered having feeding issues (22).



Definition

Age and gender-specific z-score for length/height-for-age z-score (HAZ), weight-for-age z-score (WAZ), body mass index (BMI) z-score (BAZ) and weight-for-height/length (WFH) z-score (WFHZ) were used to assess the nutritional status of children aged 1 to 5 years and were analyzed using World Health Organization (WHO) Anthro software (version 3.2.2, 2011) (23). Children were classified according to HAZ as being stunted [< −2 standard deviations (SD)], at risk of stunting (−2 to −1 SD), and tall (≥ +2 SD), respectively (24). BAZ was used to classify overweight/obesity; at risk of overweight as BAZ +1 to < +2 SD and overweight as BAZ > +2 SD. Presence of and degree of wasting was classified using WFHZ; severely wasted (< −3 SD), moderately wasted (−3 to <-2 SD), and normal (−2 to < +1 SD). Finally, at risk of underweight was defined using WAZ as < −2 to −1.

Parental height was classified as short stature if the father's height was < 156 cm and the mother's height was < 145 cm, respectively (25).

For the ease of understanding, we stratify different combination of severity and forms of nutritional status into three categories: (a) “at least one form of undernutrition” includes children who were both underweight and stunted, underweight with any degree of height status, or stunted with any degree of weight status; (b) “at risk of one form of undernutrition” includes children who had WAZ of between −2 and −1 SD and not stunted (HAZ > −2 SD) and or HAZ of between −2 and −1 SD and not underweight (WAZ > −2 SD); and (c) “not at risk of any form of undernutrition” includes children who have both WAZ and HAZ > −1.



Data analysis

Data were analyzed using the IBM SPSS Statistics 20.0 (IBM Corporation, New York, USA) and were cleaned and checked prior to statistical analysis. All variables [demographic features, nutritional status, parental height, and presence of risk factor(s)] were presented as mean ± SD for continuous variables, and frequency and percentage for categorical variables. Analysis were divided into two parts; (a) children with complete data on age, gender and anthropometric measurements were included in the analysis of growth status, (b) respondents with complete data on gender, age, anthropometric data, parental height, and factors affecting nutritional status were included in the analysis of risk factors for growth status.

Preliminary analyses including independent t-test for continuous variables and chi-square test for categorical variables were performed to compare the nutritional status of children aged 1 to 5 years by parental height and presence of risk factor. Pearson χ2 was used to determine the distribution of stunting and underweight by age groups while linear-by-linear association in χ2 was used to determine the trend of stunting/underweight across age group. Bonferroni test was used for post hoc analysis on the differences in parental height by child's height status, a significance level was set at 0.05.

Binary logistic regression analysis was employed to determine risk factors for stunting, underweight and presence of at least one form of undernutrition. Presence or absence of stunting or/and underweight were expressed as a dichotomous variable, category 0 as “not stunted (include at risk of stunting, normal and tall),” “not underweight (include at risk of underweight, normal, and overweight)” and category one as “stunted (<-2 SD)”, “underweight (<-2 SD)”. Variables on univariate analysis with a p < 0.25 or which were considered conceptually relevant were entered concurrently into the binary logistic regression model to assess its adjusted effect on the outcome, with years of data collection as covariates. Results were presented as adjusted odds ratios (AOR) with a 95% confidence interval (CI). Statistical significance was set at p < 0.05.




Results

Complete data on gender, age and anthropometric measurements were available in 15,331 (54% boys) children aged 1 to 5 years (Figure 1; Tables 1, 2), while 70% (n = 10,728) of the parents completed the questionnaire on feedings issues and dietary intake (Tables 3, 4). Parental height was available in 10,454 (68%) of the respondents (Figure 1). The mean (± SD) age of the 15,331 children at interview was 34.0 ± 13.7 months.


[image: Figure 1]
FIGURE 1
 Demography, anthropometric data, and risk factors affecting growth status in Malaysian children aged 1 to 5 years.



TABLE 1 Classification of growth status of 15,331 Malaysian children aged 1 to 5 years.
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TABLE 2 Growth status of 15,331 children by age group and gender.
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TABLE 3 Comparison between children who were stunted and non-stunted by parental height (N = 10,454).
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TABLE 4 Association between growth status and the presence of risk factors for feeding or nutritional intake (N = 10,454).
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Demographic features and growth parameters

Approximately six in 10 (57%) of the children surveyed had normal length/height-for-age while two thirds (67%) had normal weight-for-age. The proportion of children who were stunted and at risk of stunting were 16 and 20.0%, respectively while proportion of children who were underweight and at risk of underweight were 8.9 and 21%, respectively (Table 1). As compared to girls, boys were more likely to be stunted (17% vs. 15%, p < 0.001) and underweight (10 vs. 7.5%; p < 0.001). Using WFH to classify degree of wasting, 10.3% of the children were either severely (4.0%) or moderately wasted (6.3%, Table 1).

Approximately 70% of the children had normal BAZ, 14.2% were at risk overweight (BAZ 1 to < +2 SD) and 7.3% were overweight (BAZ ≥ 2 +SD; Table 1). In total, 21.5% were either at risk of overweight or overweight.

The percentage of children who had at least one form of undernutrition was 20.3% (Table 1). Of these, 4.6% were both underweight and stunted. Another 25.9% had at risk of one form of undernutrition. Only 53.7% did not have any form of undernutrition.



Age and growth status

Table 2 shows the distribution of height, BMI and WFH by age group. There were significant differences in the proportion of children who were stunted (p = 0.005) and wasting (p < 0.001) across age groups. There was a reduction in the proportion of children who were stunted across age groups, children in the age group of 11.9–17.9 months (17.3%) and 24.0–35.5 months (17.4%) were more likely to be stunted than the other age groups (linear-by-linear association χ2 = 4.45, p = 0.035; Table 2).

Children in the age group of 11.9–17.9 months (13.5%) were significantly more likely to have wasting than children in other age groups (linear-by-linear association χ2 = 5.81, p < 0.001; Table 2). No gender difference was observed in the proportion of children who were stunted across different age groups. For wasting, the proportion of boys (p < 0.001) and girls (p < 0.001) who were wasted at 11.9–17.9 months was significantly higher compared to children in other age groups (Table 2).

There were significant differences in proportion of children who were at risk of overweight and being overweight (χ2 = 46.20; p < 0.001) (Table 2). Children in the age group of 11.9–17.9 months were more likely to be overweight than the other age groups. Similar significant differences in the proportion of children who were overweight were also observed according to gender across different age groups.

There is a significant reduction in the proportion of children who were overweight across age groups (Table 2). Children in the younger age groups were more likely to be overweight as compared to children in the older age group. Similar trend was observed in the proportion of children being overweight for both genders across age groups (Table 2).



Parental height and growth status

The mean (± SD) paternal height was 169.22 ± 5.54 cm with a great majority (99%) had a height ≥ 156 cm (Figure 1). The mean maternal (± SD) height was 160.27 ± 5.18 cm with a majority (99%) had a height ≥ 145 cm. There was a small but significant difference in the mean paternal height between stunted and non-stunted children.

Table 3 shows the relationship between presence of stunting and paternal and maternal height status. As compared to children who were not stunted, children who were stunted were significantly more likely to have a father who were short (p < 0.01; Table 3). However, no significant association were observed between presence of maternal short stature and stunting in children.



Feeding behavior, dietary intake, and growth status

Of the 10,728 (70% of 15,331) parents who responded to the questionnaire on feeding issues, 13.2% (n = 1412) reported presence of concerns on feeding and/or dietary intake of their child (Figure 1). Feeding issues and poor dietary intake were equally common, being reported in 7.3% (n = 779) and 7.0% (n = 746) children, respectively. Only 1.1% (n = 113) of the children were reported to have both feeding issues and poor dietary intake.

Children who were stunted (14.6%) or at risk of stunting (15.0%) were more likely to have feeding issues and/or poor dietary intake than children who were not stunted (12.5%; p < 0.01; Table 4). Similarly, children who were severely wasted (19.9%) or moderately wasted (23.2%) were more likely to have feeding issues and/or poor dietary intake than children who were not wasted (12.4%; p < 0.001; Table 4).

Factors associated with stunting, wasting as well as presence of at least one form of undernutrition are shown in Table 5, respectively. Male gender, paternal height ≤ 156 cm, as well as presence of feeding issues and poor dietary intake were all significantly associated with stunting and wasting (Table 5). Similarly, male gender, paternal height ≤ 156 cm, and poor dietary intake were significantly associated with children who have at least one form of undernutrition (Table 5).


TABLE 5 Factors affecting nutritional status of 10,454 Malaysian children aged 1–5 years.
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Discussion

In the current study on 15,331 Malaysian children younger than 5 years of age, the rate of stunting and wasting was 16.1 and 10.4%, respectively while 1.1% were both stunted and wasted. Almost one in three young Malaysian children were found to be either stunted or at risk of stunting while three in 10 children were either underweight or at risk of underweight. The present study confirms the findings of the Malaysian National Health and Morbidity Survey (NHMS) in 2019 where the stunting rate of 21.8% and an underweight rate of 14.1% were noted in children under 5 years (3). Both studies confirmed the significant magnitude of undernutrition in young Malaysian children.

In addition to the data by NHMS the current study showed 20% of young Malaysian children were at risk of stunting and 21% were at risk of underweight. It is important to detect both underweight and stunting at an earlier stage before growth status deteriorated further. It has been shown that when appropriate measures were taken in children who were at risk of undernutrition, the growth parameters can be reversed (26).

Our observation that undernutrition in children under five is more likely to affect boys than girls is consistent with the findings of a meta-analysis on gender differences in undernutrition which also showed boys had higher odds of stunting and being wasted than girls (27). At present, there is no satisfactory explanation for this observed gender difference but there may be implications for nutrition policy and practice (27).

Another systematic analysis showed that although male disadvantage in linear growth is most evident in the first years, the gender gap has largely disappeared by the age of 4 years and in some countries, the gap has been reversed (28). The result of our study is somewhat different. We observed a reduction in the proportion of children who were stunted in both gender across age groups.

We also found that poor dietary intake was a risk factor for underweight and/or stunting in children. This is not surprising as poor dietary intake may impede the process of catch-up growth, which in turn leads to underweight, stunting or both (1). Similarly, a study in urban Malaysian children found that stunting was associated with a diet with higher energy density, whereby a higher dietary energy density was associated with lower carbohydrate, sugar, vitamins C and D, and calcium intakes but higher in fat, fiber, iron, and folate intakes (29). Thus, in addition to increasing energy intake, it is also important to attain minimal meal frequency and minimum dietary diversity. High energy intake alone does not necessarily guarantee good bone growth and good gain in height. In setting where food intake is adequate, optimum dietary diversity which include optimum substrate for bone growth, including adequate vitamin D, calcium, and phosphate intake is important.

The present study also noted that children who had feeding issues were more likely to being underweight and stunted, albeit less significant for stunting. Persistent feeding difficulties may result in an imbalanced diet or insufficient nutrients intake, leading to weight loss (30). However, we did not analyse whether having just one or both factors affected the child's height status as number of children reported to have both factors were small. A study of healthy children (12–36 months) by Lee et al. showed that children who had food refusal were more likely to have growth faltering, while children with limited variety of food intake were less likely to have short stature (31).

Surprisingly, we found that although short paternal stature was a significant risk factor for undernutrition in children aged 1 to 5 years, no significant association was noted between maternal height and child undernutrition. In this study, children were 2.35–2.76 times more likely to being stunted and/or underweight if having a father who was short. This could be due to the cumulative effect of the interaction between genetic and early-life environmental factors (i.e., nutrition and disease occurrence), which first affect fathers, and then further affect the growth of their children (32). This association may indicate an intergenerational transmission of stunting from fathers to children. However, our results are inconsistent with the findings of previous cross-sectional and longitudinal studies (16, 32–34). A recent meta-analysis of Demographic and Health Surveys (2007–2018) in 35 low- and middle-income countries showed that parental stature was protective against child undernutrition, and maternal short stature had a stronger association with child undernutrition as compared to paternal short stature (32). Our finding of a lack of association between maternal short stature and the child's height was surprising. Recently, however, other maternal factors including interpregnancy interval and maternal anemia have also been found to be important determinants of child's nutritional status and height (35). Further studies which include maternal parity and interpregnancy internal in addition to maternal height status are needed to clarify the effect on child's height status may help to explain the finding of our study.

The present study also confirms the Malaysian NHMS 2019 study where 21.5% of children were either at risk of overweight or overweight (2, 3). This finding reaffirms similar findings in many countries where dual burden of under- and overnutrition in children are common (4, 5).

The strength of this study is it was a nationwide survey with a large sample size. The anthropometric measurements of the children were collected by trained personnel. Secondly, the findings of this study ascertain the current gaps in knowledge on childhood nutritional problems and the risk factors of poor dietary intake and feeding issues. However, a cause-and-effect relationship between the presence of risk factors and childhood undernutrition cannot be established as it was a cross-sectional study.

There are several shortcomings in the present study. Firstly, this study did not fully account for socioeconomic factors, such as household income and parental education. Future studies are needed to improve the understanding on the underlying mechanisms of childhood undernutrition and the potential context-specific interactions. In addition, the data on risk factors of undernutrition were based on parental self-report which may have potential response biases. The definition of feeding difficulty and inadequate intake were not precise enough. This was decided after considering the diverse nature of the interviewees with different educational level and cultural background. Future study should attempt to address this limitation.

In conclusion, undernutrition among children aged ≤ 5 years is of major concern in Malaysia. About one in five children in this study reported having at least one form of undernutrition (stunting and/or underweight). Preventive measures such as promotion of breastfeeding and appropriate feeding practices in early childhood are essential in shaping healthy dietary intake to attain and maintain optimal growth. Nutritional intervention strategies emphasizing healthy diets and appropriate feeding practices would help to promote optimal early childhood growth. In addition, regular monitoring of the child's growth status, diets and feeding is recommended as part of the child's routine care and anticipatory guidance.
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