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Abstract  Stunting remains a significant public health 

issue globally, affecting 140 million children under five 

years. In Indonesia, stunting prevalence has decreased over 

time but remains high in certain regions, with Mandailing 

Natal Regency showing rates of 45.76% in 2018 and 

49.91% in 2019. Based on the Indonesian Nutritional 

Status Survey (SSGI), there has been a decrease to 47.7 

percent in 2022, 34.2 percent in 2022 and 20.7 percent in 

2023. This study aimed to identify the key factors 

contributing to stunting in Mandailing Natal Regency, 

North Sumatera, and develop a community-based 

prevention model. A cross-sectional study was conducted 

in Mandailing Natal Regency. The study population 

comprised children under two years, and participants were 

selected using proportional cluster random sampling. Data 

were collected from 399 mothers, health workers, and 

village midwives using structured interviews. Information 

on socio-economic status, maternal nutrition knowledge, 

environmental sanitation, and infant feeding practices was 

gathered. The collected data were analyzed using Structural 

Equation Modeling (SEM) to determine the factors 

influencing stunting and to evaluate the relationships 

between socio-economic status, feeding practices, and 

sanitation. The SEM analysis revealed that inappropriate 

complementary feeding practices were the most significant 

factor influencing stunting (coefficient = 0.778, p = 0.001), 

followed by poor sanitation (coefficient = 0.077, p = 0.031). 

Socio-economic status did not directly influence stunting 

but had an indirect impact through feeding and sanitation 

practices. Conclusions: Inadequate complementary feeding 

and poor sanitation are key contributors to stunting in 

Mandailing Natal Regency. Targeted community 

interventions addressing these factors are crucial for 

reducing stunting in this high-prevalence region. 

Keywords Interventions, Nutrition, Sanitation, 

Socioeconomics, Structural Equation Modeling (SEM) 

1. Introduction

Stunting remains a significant global health issue. In 

2019, an estimated 140 million children under five years of 

age (21.3%) were affected by stunting, while 47 million 

(6.9%) suffered from wasting [1]. In Indonesia, data from 

the Ministry of Health's Riskesdas surveys for 2007, 2010, 

2013, and 2018 show stunting prevalence rates of 36.80%, 

35.60%, 37.20%, and 30.80%, respectively. By 2019, this 

figure had declined to 27.67% [2]. Despite this progress, 

Mandailing Natal Regency remains to be classified as a

stunting locus, requiring urgent intervention. According to 
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2018 Riskesdas data, the regency had a stunting prevalence 

of 45.76%, which further increased to 49.91% according to 

the 2019 Indonesian Toddler Nutrition Status Survey [3]. 

To address stunting, the government has implemented a 

range of national programs aimed at both direct and indirect 

factors. These include specific nutrition interventions, such 

as providing supplemental food and iron (Fe) tablets. 

However, these efforts alone account for only 30% of the 

solution to stunting. The remaining 70% comes from 

interventions beyond the health sector, such as improving 

household food security, enhancing access to clean water 

and sanitation, elevating family economic conditions, and 

increasing health literacy. 

Despite a wealth of studies identifying key causes of 

stunting, it is crucial to investigate the hidden, region-

specific factors that contribute to the persistence of stunting 

in Mandailing Natal. The drivers of stunting often differ 

according to local social and environmental contexts, as 

outlined by the Social Ecology Model [4], which 

emphasizes the significant influence of an individual's 

social environment on health outcomes. A study in Senegal 

Local finds contextual factors including traditional beliefs 

concerning eating and growing practices; fathers as 

decision-makers; health worker trust; financial non-

autonomy for women; insufficient water for preferred 

crops; merchants’ non-access to quality produce; religious 

teachings and social structures affecting children’s food 

environment [5]. 

This study was conducted to address the persistent issue 

of stunting in Mandailing Natal, a region with stunting rates 

that remain alarmingly high despite national intervention 

efforts. The primary aim of this research was to explore and 

analyze the specific factors contributing to stunting in the 

area, using Structural Equation Modeling (SEM) as an 

analytical tool. These findings are intended to inform more 

effective, localized strategies for reducing stunting and 

improving child health outcomes in the region. 

2. Material and Methods

This study was an observational cross-sectional analysis, 

designed to identify the factors contributing to stunting in 

Mandailing Natal Regency, North Sumatra Province, 

Indonesia. The study population included all the families 

of children under two years of age, totaling 10,026 

individuals. The samples were under-two children from 

several working areas of Community Health Centers with 

various regional and social conditions that represent the 

general conditions of the Mandailing Natal region. The 

minimum required sample size was calculated using 

Lameshow’s formula for cross-sectional studies, resulting 

in a sample size of 399 participants. The protocol of this 

study was approved by the Research Ethics Committee of 

University of Nort Sumatera (No. 519/KEP/USU/2021). 

Written informed consent was acquired from the parents or 

guardians of the participants in the presence of a third 

person. 

Samples were selected through proportional cluster 

random sampling to ensure representative coverage across 

the region. Data were collected by researcher and assisted 

by district nutritionists of the Community Health Center 

through structured interviews using a standardized 

questionnaire. The interviews focused on identifying 

potential risk factors for stunting, including socioeconomic, 

health, environmental, and maternal characteristics. 

Questions about birth attendants, i.e. people who assist in 

childbirth, whether trained or untrained, to help women 

give birth safely, were addressed to village midwives or 

local traditional birth attendants, while questions relating to 

health service policies on early breastfeeding initiation and 

exclusive breastfeeding were answered through an 

interview with the Head of the Mandailing Natal District 

Health Office. 

The variables in this study are categorized into 

exogenous and endogenous latent variables, each 

represented by specific indicators. The exogenous latent 

variables include several important factors. First, the 

socioeconomic conditions of the family are measured by 

indicators such as family income and the number of family 

members. Second, maternal nutritional knowledge is 

assessed through access to nutritional information and 

guidance on dietary practices from a qualified professional. 

Third, maternal characteristics are evaluated based on the 

mother's body mass index (BMI), maternal height, and the 

interval between births. Lastly, health service conditions 

are examined by the distance from home to healthcare 

facilities, and the availability of healthcare infrastructure. 

The endogenous latent variables focus on several critical 

health and feeding practices. The incidence of stunting is 

identified by indicators such as the child’s nutritional status 

and daily nutritional intake. Early breastfeeding 

initiation is influenced by the mother’s motivation, the 

knowledge of health workers, and the willingness of birth 

attendants to promote this practice. Exclusive 

breastfeeding is shaped by family support, the support of 

birth attendants, and cultural practices that affect the 

provision of exclusive breastfeeding. The introduction of 

complementary feeding is measured by the type of food 

provided by the mother, the total intake, and the timeliness 

of complementary feeding. The condition of the child at 

birth is determined by gender, birth body length, and birth 

weight. Furthermore, environmental hygiene and 

sanitation are assessed through indicators like the 

condition of the house, access to clean water, the presence 

of healthy living behaviors, and the availability of sanitary 

equipment. Lastly, disease infection is evaluated based on 

the frequency of illness and the child’s immunization 

history. 

The latent variables are derived through statistical 

analysis of the corresponding indicators. The data obtained 

were analyzed using Structural Equation Modeling (SEM) 

to explore both direct and indirect relationships between 

the identified variables. 
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Structural Equation Modeling (SEM) was employed to 

analyze the collected data, enabling a detailed examination 

of how maternal, household, and health service factors 

interact and contribute to the incidence of stunting in 

Mandailing Natal. Through this approach, the study 

identifies key determinants of stunting in the region. 

3. Results 

3.1. Characteristics of Respondent 

Based on family identity data, it was found that the 

majority Education level of the head of the family had 

completed secondary or junior high school education 

(69.4%), while 19.6% had pursued higher education. In 

terms of family income, nearly half of the respondents 

(49.87%) fell into the medium-income category, with         

28.82% categorized as low-income. Most respondents had 

large families, with 26.9% having four family members and 

22.8% having five. In total, 77.9% of respondents had large 

families, and the number of toddlers per family ranged 

from one to five. Notably, 67.9% of respondents had one 

toddler, indicating that many were new families with only 

one child (Table 1). 

The structural model design of the causes of stunting in 

Mandailing Natal Regency to answer the research 

hypothesis and the results of the Structural Equation 

Modeling (SEM) analysis were shown in Figure 1. The 

variable indicators in this study were formative indicators, 

because the indicators together formed a construct or latent 

variable where the direction of the arrows from the 

indicators pointed to the construct. 

The provision of complementary feeding was found to 

have a significant impact on stunting incidence. The 

strongest direct relationship was observed with this 

variable, which had a path coefficient of 0.778 and was 

statistically significant at α = 0.05 (p = 0.001). In 

Mandailing Natal Regency, inadequate complementary 

feeding practices, such as early introduction of 

complementary foods, inappropriate types, amounts, and 

timing, were identified as the largest contributors to 

stunting. Environmental hygiene and sanitation also 

emerged as the second most significant contributor, with a 

direct and total influence coefficient of 0.077, which was 

significant at α = 0.05 (p = 0.031). 

Exclusive breastfeeding had a minimal direct and total 

influence on stunting, with a coefficient of 0.027, and was 

not statistically significant at α = 0.05 (p = 0.212). 

Although exclusive breastfeeding did not show a strong 

influence, it was noted that most mothers in Mandailing 

Natal still provided breast milk. However, by definition, a 

small percentage of mothers met the criteria for exclusive 

breastfeeding. The researchers concluded that, while 

exclusive breastfeeding rates were low, the breast milk 

intake was still adequate and showed real effects when 

combined with the mediating influence of complementary 

feeding. 

Early initiation of breastfeeding did not contribute 

significantly to stunting, either directly or as a mediator, 

with a path coefficient of -0.014 and no statistical 

significance at α = 0.05 (p = 0.361). Similarly, the child's 

condition at birth, including factors such as birth weight 

and length, did not have a statistically significant impact on 

stunting, with a coefficient of -0.075 and no significance at 

α = 0.05 (p = 0.175). These findings suggest that factors 

like complementary feeding and environmental conditions 

are more critical in influencing stunting outcomes in the 

region. 

3.2. Family Socioeconomic Conditions 

According to Table 2, family socioeconomic conditions 

do not have effects on the incidence of stunting, as 

indicated by a coefficient of -0.043, which is not 

statistically significant at the 0.05 level (p = 0.136). 

However, the indirect effects between family 

socioeconomic conditions and stunting, mediated by the 

provision of complementary feedings, show a significant 

effect with a coefficient of 0.166 (p = 0.001), highlighting 

the importance of this pathway. 

Another significant indirect relationship is observed 

between family socioeconomic conditions and stunting, 

mediated by environmental hygiene and sanitation. This 

pathway yields a coefficient of 0.024, which is also 

significant at the 0.05 level (p = 0.033). However, when 

calculating the indirect effect through a more complex 

pathway—family socioeconomic conditions mediated by 

environmental hygiene, sanitation, and disease infection—

the effect on stunting is found to be insignificant, with a 

coefficient of 0.01 (p = 0.192). 
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Table 1.  Frequency distribution of respondents based on family characteristics 

Family Characteristics Frequency (n=399) % 

Nutritional Status   

Stunting 78 19.5 

Normal 321 80.5 

Exclusive Breastmilk Status   

Exclusive Breastmilk 130 32.58 

Not Exclusive Breastmilk 269 67. 42 

Gender   

Male 191 47.9 

Female 208 52.1 

Birth Weight   

Low Birth Weight (< 2500 gr) 13 3.26 

Normal 386 96.4 

Birth Length   

< 47 cm 58 14.53 

≥ 47 cm 341 85.47 

Mother Height   

< 150 Cm 118 29.6 

150 – 159 Cm 247 62.1 

>159 Cm 34 8.3 

Education level of the Head of the Family   

Junior High School 44 11.03 

Senior High school 277 69.42 

College 78 19.55 

Family Income   

>IDR 3.750.000 85 21.31 

IDR 1.500.000 – 3.750.000 199 49.87 

IRD < 1.500.000 115 28.82 

Number of Family Members   

Four 311 77.9 

More than Four 88 22.1 

Number of Toddlers   

One 271 67.93 

Two 116 29.07 

Three and more 12 3 
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Maternal nutrition knowledge, MN; Access to information, AI; Professional dietary advice, PD; Maternal Characteristics, MC; Birth Spacing, BS; Mother’s Height, MH; Healthcare Conditions, HC; Distance to healthcare 
facilities, DH; Healthcare infrastructure, HI; Socioeconomic Family Conditions, SC; Family's income, FI; Number of family members, NF; Early Initiation of breastfeeding, EI; Mother's motivation, MM; Birth attendant’s 
knowledge, KN; Exclusive breastfeeding, EB; Family's support, FS; Birth attendant’s support, BS; Complementary Feeding, CF; Dietary adequacy, DA; Texture appropriateness, TA; Newborn Condition, NC; Birth length, BL; 
Birth weight, BW; Health Status, HS; Frequency of Illness, FR; Immunization completeness, IM; Environmental Hygiene and Sanitation, EH; Suitability of residence, SR; Clean and Healthy Living Behavior, CH; Cleaning 
equipment, CE; Stunting, ST; Nutritional status, NS; Dietary intake, DI 

Figure 1.  Determinant model of the causes of stunting in babies under two years old 
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Table 2.  Direct Effects of the Structural Model (Inner Model) 

Direct Effects Weight Value Average Standard Deviation t value P value 

Socioeconomic Family Conditions -0.043 -0.041 0.039 1.098 0.136 

Maternal Nutrition Knowledge -0.094 -0.090 0.043 2.187 0.014* 

Maternal Characteristics 0.036 0.011 0.044 0.838 0.201 

Healthcare Conditions 0.099 0.097 0.042 2.386 0.009* 

Exclusive Breastfeeding 0.027 0.028 0.033 0.798 0.212 

Early Initiation of Breastfeeding -0.014 -0.012 0.040 0.356 0.361 

Complementary Feeding 0.778 0.778 0.024 32.244 0.001* 

Newborn Condition -0.070 -0.020 0.075 0.937 0.175 

Environmental Hygiene and Sanitation 0.077 0.074 0.041 1.866 0.031* 

Health Status 0.060 0.059 0.041 1.473 0.070 

Notes: *p value < 0.05 

Table 3.  Direct and Indirect effects of Family Socioeconomics 

Variable Weight Value 
P 

value 

Direct effect -0.043 0.136 

Indirect effects: 

 Socioeconomic Family Conditions > Environmental Hygiene and Sanitation 0.024 0.033 

 Socioeconomic Family Conditions > Environmental Hygiene and Sanitation > Health Status > 

Stunting Incident 
0.001 0.192 

 Socioeconomic Family Conditions > Complementary Feeding > Stunting Incident 0.166 0.001 

Total effect 0.149 0.002 

Despite the lack of direct effects, the total effect of 

family socioeconomic conditions on stunting reveals a 

significant relationship, with a total effect coefficient of 

0.149 (p = 0.002). This indicates that while the direct 

relationship is not significant, the overall impact, including 

indirect effects, is meaningful. The indirect and total effects 

of Family Socioeconomic Condition Effect were shown in 

Table 3. 

The provision of complementary feedings and 

environmental hygiene and sanitation serves as a key 

mediator between family socioeconomic conditions and 

stunting. These mediating variables fall into the category of 

"indirect-only mediation," as the indirect relationships are 

significant, while the direct relationship between family 

socioeconomic conditions and stunting is not. This 

underscores the importance of addressing complementary 

feeding practices and environmental factors to mitigate the 

impact of socioeconomic conditions on stunting. 

3.3. Maternal Nutrition and Health Knowledge 

Maternal nutritional and health knowledge has a direct 

effect on the incidence of stunting, with a negative 

coefficient of -0.094, which is statistically significant at the 

0.05 level (p = 0.014). The direct, indirect and the total 

effects of maternal nutrition and health knowledge were 

shown in Table 4. This indicates that improvements in 

maternal health and nutritional knowledge are associated 

with a reduction in stunting rates, emphasizing the critical 

role of these factors in child health outcomes. 

3.4. Mother's Condition 

The maternal condition did not have a direct effect on 

the incidence of stunting, as indicated by a coefficient of 

0.036, which was not statistically significant at the 0.05 

level (p = 0.201). Similarly, the indirect relationship 

between maternal condition and stunting, mediated by the 

child's condition at birth, showed an insignificant effect 

with a coefficient of 0.007 (p = 0.271). Another indirect 

pathway through exclusive breastfeeding also yielded an 

insignificant effect, with a coefficient of 0.002 (p = 0.351). 

The total effect, combining these direct and indirect 

pathways, was 0.045, which remained statistically 

insignificant at the 0.05 level (p = 0.185). Based on these 

results, it can be concluded that the maternal condition does 

not have a meaningful or statistically significant 

contribution to the incidence of stunting. 
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Table 4.  Direct and Indirect effect of Nutritional Knowledge and Maternal Health 

Variable Weight Value p value 

Direct effect -0.094 0.014 

Indirect effect: 

Maternal Nutrition Knowledge > Complementary Feedings > Stunting Incident 0.105 0.006 

Maternal Nutrition Knowledge > Environmental Hygiene and Sanitation > Stunting Incident 0.023 0.031 

Maternal Nutrition Knowledge > Environmental Hygiene and Sanitation > Health Status > Stunting Incident 0.001 0.189 

Maternal Nutrition Knowledge > Early Initiation of Breastfeeding > Exclusive Breastfeeding > Stunting 

Incident 
0.001 0.449 

Maternal Nutrition Knowledge > Early Initiation of Breastfeeding> Stunting Incident -0.004 0.364 

Maternal Nutrition Knowledge > Exclusive Breastfeeding > Stunting Incident 0.004 0.232 

Total Effects 0.035 0.223 

Table 5.  Direct and Indirect Effects of Healthcare Conditions 

Variable Weight Value P-Value 

Direct Effect 0.099 0.009 

Indirect Effects : 

Healthcare Conditions > environmental hygiene and sanitation > stunting incidents -0.001 0.451 

Healthcare Conditions > Early Initiation of breastfeeding > Exclusive breastfeeding > stunting incidents 0.001 0.455 

Healthcare Conditions > Early Initiation of breastfeeding> stunting incidence -0.002 0.376 

Healthcare Conditions > Environmental hygiene and sanitation > Health Status > stunting incidents 0.003 0.179 

Healthcare Conditions > Health Status > stunting incidents -0.038 0.073 

Healthcare Conditions > Newborn Condition > stunting incidence -0.007 0.125 

Total Effects 0.052 0.052 

 

3.5. Health Service Conditions 

The condition of health services has a direct impact on 

the incidence of stunting, with a coefficient of 0.099, which 

is statistically significant at the 0.05 level (p = 0.009). This 

finding suggests that the quality and availability of health 

services play a crucial role in influencing stunting rates. 

Mathematically, the effect of health services on stunting 

can be demonstrated by this significant relationship, 

underscoring the importance of strengthening health 

services to address and reduce stunting in the population 

(Table 5). 

Thus, the condition of health services does not have a 

significant influence on the incidence of stunting, as the 

analysis shows no meaningful contribution at the α = 0.05 

level. Despite the potential role of health services in child 

health outcomes, this study suggests that their direct impact 

on stunting is statistically insignificant, indicating that 

other factors may be more influential in determining 

stunting rates. 

4. Discussion 

Based on the research results, the condition of stunting 

in Mandailing Natal Regency is predominantly influenced 

by the provision of complementary feedings, followed by 

environmental hygiene and sanitation. Birth data showed 

that 14.5% of babies were born with a length of less than 

48 cm, and 3.2% had a birth weight of less than 2,500 

grams. These findings suggest that nutritional conditions 

among pregnant women in the study area are not highly 

problematic, although this data should not be overlooked. 

Structural Equation Modeling (SEM) results also indicated 

that birth performance does not significantly influence 

stunting incidence in the region. These findings reinforce 

the hypothesis that stunting is more likely to occur due to 

postnatal factors. 

Previous research supports the association between low 

birth weight and stunting. A study on 6,333 children aged 

6-23 months in Indonesia found that children born with a 

weight of 3,150 grams or less were 1.24 times more likely 

to experience stunting. Other research has similarly 

identified low birth weight (LBW) as a significant factor in 

stunting, with one study indicating that LBW children are 

6.16 times more likely to experience stunting than those 

born with normal weight [6]. 

Regarding exclusive breastfeeding, SEM results showed 

no significant impact on stunting in Mandailing Natal. 

Despite numerous studies linking inadequate exclusive 

breastfeeding to stunting, the conditions in Mandailing 

Natal present a different reality. Exclusive breastfeeding is 

often not achieved because of difficulties in producing 
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breast milk in the first few days after birth. In such cases, 

mothers are given formula milk for their newborns, 

categorizing them as non-exclusive breastfeeding. 

However, once breast milk is produced, it is provided 

adequately, and formula is discontinued. Thus, while 

exclusive breastfeeding rates may be low by definition, 

most babies still receive proper breast milk intake until the 

introduction of complementary feedings. A study at Aceh 

Tenggara showed that there was a significant difference in 

growth and development of infants based on breastfeeding 

(p value = 0.000) with prevalence ratio (PR) = 4.167 

(95%CI: 1.867-9.301), which indicated that the infant who 

did not get exclusive breastfeeding had 4.167 times higher 

risk to experience poor growth and development [7]. 

Another study showed a significant relationship between 

age (p-value = 0.024), gender (p-value = 0.034), and 

infectious diseases (p-value = 0.001) in under five wasting 

children [8]. 

Family socio-economic performance also influences 

stunting through the mediating effects of complementary 

feedings and environmental sanitation hygiene. Previous 

studies have established links between poverty, economic 

status, and stunting. National-scale research using data 

from the 2013 Indonesian Basic Health Survey [9] found 

that stunting was more likely in children from larger 

families, families with incomplete antenatal care, male 

children, and those with lower birth weights or from lower-

income households. These findings are consistent with 

other studies that identified poor feeding practices, 

insufficient immunization, and inappropriate 

complementary feedings as contributors to stunting [10], 

[11]. 

Environmental factors, particularly sanitation and access 

to clean water, also play a significant role in stunting. 

Studies have shown that children living in households with 

poor sanitation are more likely to experience stunting [12]. 

WASH (Water, Sanitation, and Hygiene) interventions 

have been found to positively impact child growth globally 

[13]. In Indonesia, inadequate sanitation facilities and poor 

household water treatment are associated with a higher risk 

of stunting. Furthermore, boys, older children, and those 

from poorer families with limited prenatal care are at a 

higher risk of stunting, emphasizing the importance of 

addressing environmental cleanliness in stunting 

interventions [14]. 

Maternal nutritional knowledge and health also 

influence stunting, both directly and through mediating 

variables such as complementary feeding practices and 

environmental sanitation. Research has shown that low 

maternal nutritional knowledge and poor energy intake 

significantly increase the risk of stunting [15], [16], [17]. 

Other factors, such as maternal height [18], birth length 

[19], and family size, also contribute to stunting. Overall, 

the interplay of socio-economic conditions, feeding 

practices, and environmental factors underscores the 

multifaceted nature of stunting, with poverty, food 

insecurity, poor hygiene, and sanitation being significant 

contributors in developing regions [20]. Other research 

concludes Maternal caregiving risk factors are reflected in 

maternal empowerment related to breastfeeding, 

maintaining nutrition and health conditions, the 

environment, and child growth. The impact of each of these 

parenting risk factors significantly affects infant nutritional 

status. Increased maternal empowerment in optimal 

parenting practices, especially in maintaining the 

nutritional status of their infants, collectively determines 

the overall nutritional status of children [21]. According to 

this research, a study in South Kalimantan found no 

significant relationship between the number of programs 

and budgets with stunting prevalence. Statistical analysis 

for the number of OPDs was not conducted as only one 

OPD was involved. There is no relationship between policy 

budgets and nutrition intervention programs contained in 

the district/city RPJMDs and the prevalence of stunting 

[22]. These findings offer new insights for healthcare 

workers, emphasizing the importance of interventions 

focused on complementary feeding and environmental 

sanitation. 

5. Conclusions

In conclusion, the provision of complementary foods 

alongside breast milk and the maintenance of 

environmental sanitation hygiene have a direct and 

statistically significant effect on the incidence of stunting 

in infants under two years old. Family socio-economic 

conditions also significantly influence stunting, though 

their effect is mediated through complementary feeding 

and sanitation hygiene. Similarly, maternal knowledge 

significantly impacts stunting through these same 

mediating variables. In contrast, maternal characteristics, 

the condition of the child at birth, the quality of health 

services, support for early initiation of breastfeeding, and 

exclusive breastfeeding practices showed no significant 

effect on stunting. 
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