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Abstract. This study aimed to investigate malnutrition and the impact of daily activities and dietary 

habits on stunting in preschool children to identify effective prevention strategies. The study consisted 

of two phases: a cross-sectional analysis of 4,871 children from nine preschools in Hoang Mai District 

and a case-control study of 207 stunted children and 2,984 normal-height children, using the WHO 

criteria for nutritional status classification. The results indicated that the prevalence of underweight, 

stunting, and wasting was 3.6, 7, and 2.4%, respectively. Underweight and stunting were more 

common among girls (4.4 vs. 3.0% and 8 vs. 6%, respectively), while wasting was slightly higher in 

boys (2.5 vs. 2.2%). Significant associations with stunting included less than one hour of moderate and 

vigorous physical activity (Odds Ratio (OR) = 1.71) and meal times exceeding 40 minutes (OR = 1.73). 

Preferring to eat lean meat reduced the risk of stunting (OR = 0.72, 95% confidence interval is 0.54–

0.98). Factors such as nighttime sleep duration, bedtime, active physical activities at school, sedentary 

behaviours, and preferences for fats, sweets, eggs, vegetables, and milk consumption before sleep were 

not significantly associated with stunting. The study suggests that monitoring eating times, 

encouraging more moderate and vigorous physical activity, and increasing lean meat consumption can 

help reduce the risk of stunting in children. 
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1 Introduction 

Malnutrition refers to deficiencies in nutrient 

intake, an imbalance of essential nutrients, or 

impaired nutrient utilisation, which has a 

negative impact on normal bodily functions, 

activities, and growth. Among children, 

malnutrition can present as stunting (too short for 

age), wasting (too thin for height), and 

underweight (too thin for age) [1]. According to a 

World Health Organisation (WHO) report in 2019, 

there were 144 million stunted children under the 

age of 5 and 47 million wasted children [2]. 

Malnutrition is a major concern because of its 

high rates among children and is the leading 

cause of morbidity and mortality among children 

under 5 years old [3]. Malnourished children are 

at a higher risk of poor physical, cognitive, and 

intellectual development when they mature, 

which can reduce the quality of the labour force 

and hinder the national economic development 

[4]. 

Stunting is a form of malnutrition caused 

by various factors, including genetic and 

environmental influences, such as infectious 

diseases, environmental pollution, poverty, and 

poor appetite [5]. Currently, there is significant 

interest in how children’s physical activity and 

dietary patterns affect stunting [6, 7]. 

Understanding these factors can lead to 

recommendations and interventions aimed at 

changing lifestyle habits and reducing the risk of 

early stunting among children [8]. 
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Hoang Mai is an urban district in Hanoi, known 

for being the fourth-largest district in terms of 

area and population. Despite its economic 

development, the district still has a high rate of 

stunting among children. Therefore, this study 

aimed to determine the prevalence of 

malnutrition and examine the impact of daily 

activity habits and dietary characteristics on 

stunting among preschool children in Hoang Mai 

District. 

2 Research methods 

2.1 Study design and participants 

The study is divided into two phases: Phase 1 is a 

cross-sectional study, and Phase 2 is a case-control 

study. The cross-sectional study was performed 

on 4,871 children from nine preschools in Hoang 

Mai District. Children’s weight and height were 

measured to determine their nutritional status in 

October and November 2018, which was part of 

the scientific project under the Ministry of 

Education and Training under code No. B2018-

SPH-50. Children of normal height and stunted 

children were included in the case-control study 

to determine the association of daily activities and 

eating habits with children’s stunting. 

Children with acute diseases, chronic diseases 

(asthma, chronic kidney disease, congenital heart 

disease, etc.), tuberculosis, HIV infection, 

kyphosis, and scoliosis were excluded from the 

study. 

2.2 Collection of anthropometric data 

To prevent measurement error, we measured 

children’s weight and height in the morning, in an 

air-conditioned room. Children wore light 

clothing and were weighed and measured 

according to standard procedures of the National 

Institute of Nutrition. Weight was measured with 

an electronic scale with an accuracy of 100 grams. 

Standing height was measured with a stadiometer 

with an accuracy of 0.1 cm. 

2.3 Classification of nutritional status 

To classify children’s nutritional status, we used 

Z-scores; a Z-score represents the number of 

standard deviations a child’s anthropometric 

measurement deviates from the reference 

population median. For children under 60 months 

of age, we used the 2006 WHO standards to 

determine weight-for-age Z-score (WAZ), Z-score 

height-for-age Z-score (HAZ), BMI-for-age Z-

score (BAZ), and weight-for-height Z-score 

(WHZ). For children aged 60 months to 9 years, 

we used the 2007 WHO criteria to assess WAZ, 

HAZ, and BAZ.  

These analyses were automatically 

calculated by means of the WHO Anthro software 

(for children under 60 months) version 3.2.2 and 

the AnthroPlus® software (for children over 60 

months) version 1.0.4 (Geneva, Switzerland). The 

threshold for classifying children’s nutritional 

status is presented in Table 1.

Table 1. Z-score cut-off to classify nutritional status in preschool children (under 9 years old) 

Index Z-score cut-off value Nutritional status 

WAZ <–3 Severe underweight 

–3 to <–2 Moderate underweight 

–2 to 2 Normal 

>2 to 3 Overweight 

>3 Obesity 
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Index Z-score cut-off value Nutritional status 

HAZ <– 3 Severe stunting 

–3 to <–2 Moderate stunting 

>–2 Normal 

BAZ <– 3 Severe wasting 

–3 to <–2 Moderate wasting 

–2 to 2 Normal 

>2 to 3 Overweight 

>3 Obesity 

2.4 Collection of information on daily 

routines and dietary habits 

Children’s daily activities and eating behaviours 

were assessed via a structured parent-completed 

questionnaire. Meal time was defined as the 

average duration of a meal and categorised into 

<20, 20–40, and >40 minutes. Moderate-to-

vigorous physical activity was defined as active 

play or exercise, categorised as >1 hour/day or ≤1 

hour/day. Additional information was night sleep 

duration, usual bedtime, participation in school-

based physical activities (yes/no), time spent on 

sedentary activities at home, preferred food types 

(e.g., lean meat, sweets, fats, eggs, vegetables), 

and habitual milk consumption before sleep. 

2.5 Data analysis 

Statistical tests were conducted by using SPSS 

version 16.0 (SPSS, Chicago, USA). Quantitative 

variables were tested for normality. If normally 

distributed, they were expressed as mean ± 

standard deviation; otherwise, they were 

presented as median (25–75th percentile). The 

student’s t-test was employed to compare the 

distribution of two normally distributed groups, 

and the Mann-Whitney U test was employed to 

compare the distribution of two nonnormally 

distributed groups. Differences in proportions 

were analysed by using the Chi-square test. The 

influence of risk factors on stunting was analysed 

by means of univariate and multivariate logistic 

regression. A two-tailed p-value of less than 0.05 

was considered statistically significant. 

3 Results 

3.1 Malnutrition status of Hoang Mai 

preschool children 

The cross-sectional study was conducted to 

determine the malnutrition status of 4,871 

preschool children in Hoang Mai District, Hanoi. 

The percentages of the three types of malnutrition 

among the children in the total study population, 

divided by gender, are presented in Table 2.

Table 2. Malnutrition status of preschool children in Hoang Mai District, Hanoi 

Malnutritional status Total n (%) (n = 4,871) Male n (%) (n = 2,500) Female n (%) (n = 2,371) p 

Classification by WAZ index 

Severe underweight 23 (0.5%) 9 (0.4%) 14 (0.6%) 
<0.0001 

Moderate underweight 153 (3.1%) 64 (2.6%) 89 (3.8%) 

Classification by HAZ index 
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Malnutritional status Total n (%) (n = 4,871) Male n (%) (n = 2,500) Female n (%) (n = 2,371) p 

Severe stunting 52 (1.1%) 20 (0.8%) 32 (1.3%) 
0.010 

Moderate stunting 289 (5.9%) 129 (5.2%) 160 (6.7%) 

Classification by BAZ index 

Severe wasting 19 (0.4%) 13 (0.5%) 6 (0.3%) 
<0.0001 

Moderate wasting 95 (2.0%) 49 (2.0%) 46 (1.9%) 

p-Values were obtained from the Chi-square test. p-Values less than 0.05 are presented in bold. Some p-values are 

very low (e.g., <0.0001).

Stunted children had the highest 

percentage, while wasted children had the lowest 

percentage, accounting for 7 and 2.4%, 

respectively. There was a difference in the sex 

ratio between boys and girls across the 

underweight, stunted, and wasted groups. 

Among them, the rates of underweight and 

stunting in girls were higher than those in boys 

(4.4 vs. 3.0%, and 8 vs. 6%, respectively). 

However, the proportion of wasted boys was 1.14 

times as high as that of girls (2.5% compared  

with 2.2%).  

3.2 Association between physical activity 

routine, dietary characteristics, and 

stunting in Hoang Mai District’s 

preschool children 

Characteristics of case-control study subjects 

Characteristics of sex ratio, age group ratio, age, 

weight, height, BMI, WAZ, HAZ, BAZ, and WHZ 

of children in the case group (stunted children) 

and control group (normal height children) are 

presented in Table 3.

Table 3. Anthropometric characteristics of normal height and stunted groups 

Characteristics Normal group (n = 2,984) Stunted group (n = 207) p 

Sex (n,%)a Male 1601 (94.4%) 95 (5.6%) 
0.031 

Female 1383 (92.5%) 112 (7.5%) 

Age group 

(month) (n,%)a 

24–35.9  157 (84.4%) 29 (15.6%) 

0.0001 
36–47.9  643 (88.6%) 83 (11.4%) 

48–59.9  1340 (94.8%) 74 (5.2%) 

60–71.9  844 (97.6%) 21 (2.4%) 

Age (months)b 51.4 (43.2–57.2) 47.7 (42–51.8) < 0.0001 

Weight (Kg)b 16.1 (14.4–18.6) 12.9 (11.8–14.2) < 0.0001 

Height (kg)b 103 (98–108) 92 (88.0 –95.0) < 0.0001 

BMI (Kg/m2)b 15.4 (14.5–16.8) 15.5 (14.5–16.7) 0.637 

WAZb –0.16 (–0.83–0.64) –1.61 (–2.15–(–1.01)) < 0.0001 

HAZb –0.39 (–1.03–0.31) –2.45 (–2.78–(–2.17)) < 0.0001 

BAZb  0.08 (–0.67–0.99) 0.12 (–0.61–(0.91)) 0.452 

WHZb 0.05 (–0.7–0.96) –0.15 (–0.83–(0.71)) 0.020 

a Qualitative variables are expressed as n, % of the total study population; p-values were obtained from the Chi-

square test; b Quantitative (continuous) variables are expressed as median (25th–75th percentile); p-values were 

obtained from the Mann-Whitney U test; p-Values less than 0.05 are presented in bold.



Hue University Journal of Science: Natural Science 
Vol. 134, No. 1D, 73–82, 2025 

pISSN 1859-1388 
eISSN 2615-9678 

 

DOI: 10.26459/hueunijns.v134i1D.7595 77 

 

 

The proportion of stunted children was 

highest in the youngest age group and decreased 

with age (12.8% in the 24–35.9 month group, 9.5% 

in the 48–59.9 months group, and 5.9% in the 60–

71.9 months group). Children in the stunted 

group had significantly lower weight, height, 

WHZ, and HAZ compared with those in the 

normal group (p < 0.05). There was no difference 

in BMI and BAZ values between the case group 

and control group (p > 0.05). 

Association between physical activity routine 

and stunting in Hoang Mai District’s preschool 

children 

The association of some daily routine 

characteristics with stunting among preschool 

children in Hoang Mai District, Hanoi, is 

presented in Table 4. It indicates a significant 

association between moderate and vigorous 

physical activity (e.g., playing football, running, 

bicycling, aerobic dancing), and stunting. 

Children who engage in these activities for less 

than one hour a day have a 1.71-fold increased 

risk of stunting (p = 0.007), compared with those 

who practice for more than one hour. No 

significant association was found between night 

sleep duration, time of starting night sleep, 

whether or not children take part in active 

physical activities at school, and time spent on 

sedentary activities at home, and stunting. 

Association between eating habits and stunting 

in Hoang Mai District’s preschool children 

Table 5 presents the relationship between meal 

time, the type of favorite food, whether children 

drink milk before sleeping, and stunting among 

preschool children.  

The data reveal no relationship between 

drinking milk before sleeping and stunting. 

Children who like eating sweets, fats, eggs, and 

vegetables also do not show any association with 

stunting. However, children who prefer lean meat 

reduce their stunting risk by 1.38-fold (p = 0.033). 

Before adjusting for sex and age, meal times 

longer than 40 minutes increase the risk of 

stunting by 1.63-fold (p = 0.09) and after adjusting, 

this risk is 1.73-fold (p = 0.04).

Table 4. Logistic regression analysis of physical activity daily routines associated with stunting 

Variable OR (95%CI) p OR* (95%CI) p* 

Night sleeping hours 
 

≥9 hours  1  1  

8–9 hours 0.88 (0.65–1.19) 0.407 0.94 (0.70–1.28) 0.706 

<8 hours 0.60 (0.28–1.32) 0.204 0.78 (0.35–1.71) 0.531 

Time goes to sleep at 

night 
 

Before 9 PM 1  1  

From 9 PM to 11 

PM 
1.26 (0.79–2.01) 0.329 1.25 (0.78–2.00) 0.356 

After 11 PM 1.32 (0.48–3.62) 0.591 1.60 (0.58–4.45) 0.367 

Active physical activity 

at school 

Yes 1  1  

No 0.73 (0.42–1.24) 0.239 0.68 (0.40–1.18) 0.169 

Sedentary activity time 

at home 

>60 min/day 1  1  

30–60 min/day 1.37 (0.79–2.38) 0.269 1.37 (0.79–2.38) 0.269 

<30 min/day 1.08 (0.61–1.92) 0.791 1.08 (0.61–1.92) 0.791 

Moderate and vigorous 

physical activity time 

>1 hour/day 1  1  

≤1 hour/day 1.69 (1.16–2.47) 0.006 1.71 (1.16–2.51) 0.007 

Note: OR, p-values were obtained from univariate logistic regression analysis; OR*, p*-values were obtained from 

multivariate logistic regression analysis adjusted for age and sex. p-Values less than 0.05 are presented in bold. 
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Table 5. Logistic regression analysis of eating habits associated with stunting 

Variable OR (95%CI) p OR* (95%CI) p* 

Meal time (minutes) 20–40  1  1  

<20  0.53 (0.27–1.06) 0.073 0.60 (0.30–1.19) 0.143 

>40 1.63 (1.13–2.34) 0.009 1.73 (1.20–2.51) 0.004 

Sweet-food favourite No 1  1  

Yes 1.30 (0.83–2.06) 0.254 1.26 (0.79–1.99) 0.330 

Fat-food favourite No 1  1  

Yes 0.78 (0.57–1.07) 0.661 0.82 (0.60–1.14) 0.236 

Lean-meat favorite No 1  1  

Yes 0.72 (0.54–0.98) 0.033 0.82 (0.60–1.11) 0.189 

Eggs favourite No 1  1  

Yes 0.98 (0.62–1.53) 0.925 1.04 (0.66–1.65) 0.854 

Vegetables favourite No 1  1  

Yes 1.17 (0.81–1.68) 0.399 1.13 (0.79–1.64) 0.504 

Drinking milk before 

sleeping 

No 1  1  

Yes 0.62 (0.37–1.02) 0.062 0.69 (0.41–1.16) 0.159 

Note: p-Values were obtained from univariate logistic regression analysis; p*-Values were obtained from multivariate 

logistic regression analysis adjusted for age and sex. p-Values less than 0.05 are presented in bold.

4 Discussion 

Our survey shows that the rate of malnourished 

children (underweight, stunting, and wasting) in 

Hoang Mai District was lower than the general 

rate among preschool children in Northern 

Vietnam—where the prevalence of malnutrition 

among Kinh children was 14.7% [9]—and lower 

than the global prevalence of stunting among 

children under five in 2027, which was 22.2% [10]. 

This can be explained by the fact that Hoang Mai 

is an inner-city district of Hanoi, where economic 

and social conditions are developed. 

Consequently, knowledge of child-rearing, 

nutritional conditions, and medical care for 

children here is good, which reduces the risk of 

malnutrition. 

The direction of sex differences in 

malnutrition prevalence varies across countries, 

areas, and households [11, 12]. In Hoang Mai 

District, the rate of underweight and stunting in 

girls was higher than in boys, while the opposite 

trend was observed in wasting (Table 2). A 

systematic review and meta-analysis by Thurstans 

et al. [11] listed several reasons explaining sex 

differences in undernutrition, such as differences 

in biological characteristics and varying care 

trends due to social and family factors. 

In our study, the rate of stunted children 

decreased with age (Table 3), aligning with Pham 

Thi Thu et al., who found higher stunting in the 

36–47 month age group compared with the 48–59 

month group (17.6% vs. 10.0%) [13]. Conversely, a 

study in Nghe An’s coastal plain showed that 

stunting peaked in the 36–47 month age group 

(41.7%) [14]. The decreasing rate of stunting with 

increasing age can be explained by the fact that 

younger children have underdeveloped immune 
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systems, making them more susceptible to 

illnesses, which is the major cause of stunting. 

Because of the observed sex and age 

differences in stunting prevalence, we performed 

both univariate and age- and sex-adjusted logistic 

regression analyses. Our major finding was that 

moderate and vigorous physical activity for more 

than one hour a day helps prevent stunting (Table 

4). This is supported by studies in South Africa 

and Mexico, which found that normal children 

engaged in more moderate and vigorous physical 

activity than stunted children [15, 16]. A vast 

amount of research has shown that activities are 

significantly associated with bone development, 

increasing bone mineral content and density, as 

physical activity stimulates osteoblasts to form 

bone and enhance bone strength [17, 18]. 

Additionally, increased physical activity boosts 

appetite, leading to higher food intake and thus 

preventing stunting [19].  

Sedentary activities, such as sitting, 

watching TV, or playing video games, lead to 

minimal physical movement. In our study, the 

time spent on sedentary activities at home was 

insignificantly different between normal and 

stunted children. Similarly, studies in Uganda and 

South Africa found no association between 

sedentary behaviour and BMI among children [20, 

21]. Moreover, our study found no significant 

difference in stunting whether children 

participated in physical activities at school. This 

might be because children in our study had 

similar schedules, resulting in comparable 

durations of sedentary activity and physical 

activity at school. 

Regarding other daily routine factors, we 

found no relationship between night sleeping 

hours or bedtime and stunting. In contrast, a 

study in China found that stunted children had 

shorter sleep [22]. Another study showed a link 

between shorter sleep duration with body height 

but not stunting [23]. Growth hormone, crucial for 

skeletal development, is secreted during deep 

sleep [24]. Thus, shorter sleep duration and later 

bedtimes reduce growth hormone secretion, and 

thus increasing stunting risk. However, children 

in our study attended public kindergartens with 

similar schedules, hence having uniform sleep 

duration. 

In the logistic regression analysis of eating 

habits (Table 5), we found that longer meal times 

significantly increased the risk of stunting. Sparse 

direct evidence exists on meal duration and 

stunting. Children with eating disorders or 

selective eating habits often take longer to eat and 

are at higher risk of being thin [25]. Longer meal 

times reduce food intake because of the decrease 

of ghrelin hormone (“hunger hormone” released 

by the stomach when empty) [26], thus increasing 

the risk of stunting. 

Among the five food patterns studied, only 

a preference for lean meat was associated with a 

reduced risk of stunting, nearly 1.38-fold 

compared with children who did not prefer lean 

meat. This finding aligns with Korean research 

that found lower meat intake among short-

statured children [27]. Meat is rich in proteins, 

minerals, and antioxidants, supporting growth 

and reducing stunting risk [28]. However, our 

study found no significant relationship between 

preferences for sweets, fats, eggs, and vegetables, 

and stunting. Contrasting results were reported 

by Flores et al., who indicated increased stunting 

risk with higher fruit and vegetable intake [29]. 

These discrepancies may stem from varying 

population characteristics and nutritional 

practices. 

Milk is commonly believed to support 

height development among children, largely 

because of insulin-like growth factor-1 (IGF-1), 

which enhances bone growth and amino acid 

uptake [30]. Evidence indicates that milk 

consumption can boost IGF-1 levels and 

potentially reduce stunting risk [31]. For instance, 
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a study in India found that daily milk 

consumption lowers stunting risk (OR = 0.93, 95% 

CI = 0.90–0.96) [32]. However, findings vary 

across populations. A study in Mexico found no 

link between milk consumption and nutritional 

status [29]. Our study, conducted in an area with 

daily milk access, also found no significant 

relationship between drinking milk before sleep 

and stunting. 

The results of our study underscore the 

critical role of physical activity and dietary habits 

in preventing stunting. However, the study’s 

cross-sectional design limits the ability to draw 

causal conclusions. Self-reported data may 

introduce bias, and findings may not be 

generalisable beyond Hoang Mai District. 

Additionally, the children’s uniform school 

schedules may have affected the observed 

relationships between physical activity and 

stunting. Moreover, the findings may not be fully 

generalisable to other regions, as specific socio-

economic and cultural characteristics of Hoang 

Mai District may have influenced the outcomes. 

Despite these limitations, the study’s strengths 

include its large sample size and comprehensive 

analysis using internationally recognised WHO 

criteria.  

5 Conclusion 

Our study found that the prevalence of 

underweight, stunting, and wasting among 

Hoang Mai District’s preschool children was 3.6, 

7, and 2.4%, respectively. Underweight and 

stunting were more common in girls, whereas 

wasting was slightly more frequent in boys. 

Stunting was significantly associated with 

engaging in less than one hour of moderate and 

vigorous physical activity (OR = 1.71) and having 

meal durations longer than 40 minutes (OR = 

1.73). Conversely, preferring to eat lean meat was 

found to be a protective factor against stunting 

(OR = 0.72). The study highlighted the importance 

of promoting regular physical activity and 

encouraging shorter mealtimes among young 

children. Supporting lean meat consumption may 

also contribute to reducing the risk of stunting. 
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