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ABSTRACT 

  

Background: Indonesia is an agricultural country that produces a wide range of food 

sources; however, health problems, particularly malnutrition in toddlers, remain relatively 

high, including stunted growth. Stunting remains a significant public health problem in 

Indonesia, including in Banyuwangi Regency, East Java. Maternal health conditions 

during pregnancy play a crucial role in fetal growth and may increase the risk of low birth 

weight (LBW), which subsequently contributes to stunting. Objective: This study aimed 

to analyse maternal factors during pregnancy associated with the incidence of low birth 

weight among stunted children in Banyuwangi Regency. Method: A quantitative 

retrospective study was conducted using secondary data from the Banyuwangi District 

Health Office in 2022. The study included 4,371 stunted children aged 24–59 months 

from 45 community health centres. The analysed maternal variables were antenatal care 

(ANC) completeness, maternal anaemia, and chronic energy deficiency (CED) during 

pregnancy. Data were analysed using descriptive statistics and multiple logistic 

regression. Result: Inadequate ANC, maternal anaemia, and CED during pregnancy were 

significantly associated with the incidence of LBW among stunted children (p < 0.001). 

Mothers with CED had the highest risk of delivering LBW infants (OR = 4.076; 95% CI: 

3.160–5.257). Conclusion: Maternal health status during pregnancy significantly 

influences birth outcomes. Strengthening ANC services, improving maternal nutritional 

status, and enhancing family-based support are essential strategies to prevent LBW and 

reduce the risk of stunting. 

 

Keywords:  antenatal care, anaemia, chronic energy deficiency, low birth weight, 

stunting 

   

  

INTRODUCTION 

Stunting is a form of malnutrition that remains a significant global health issue 

today (World Health Organization, 2022). In 2022, approximately 22.3% of children 

under the age of five worldwide experienced stunting (WHO, 2022). The Indonesian 

Nutritional Status Study (SSGI) reported a stunting prevalence of 21.6% nationally in 
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2022, with the province of East Java reaching 19.2% (Tim Penyusun SSGI 2024 Dalam 

Angka, 2025). In Banyuwangi Regency, data from the Banyuwangi District Health Office 

indicated that the prevalence of stunting still exceeds 15% in several priority sub-districts. 

One of the primary factors contributing to stunting is maternal health during pregnancy, 

particularly its impact on the occurrence of Low Birth Weight (LBW). 

Various maternal health factors during pregnancy, such as compliance with 

antenatal care (ANC) examinations, nutritional status (assessed through Chronic Energy 

Deficiency), and anaemia status, play significant roles in determining fetal health. These 

three factors also directly contribute to the risk of delivering low-birth-weight infants. 

According to the Conceptual Framework on the Determinants of Maternal and Child 

Nutrition (2020) (White et al., 2023), stunting in children is influenced by both direct and 

indirect factors. Direct factors include maternal nutrition during pregnancy, dietary 

patterns, and a history of infectious diseases, while indirect factors encompass Water, 

Sanitation, and Hygiene (WASH) practices (United Nations Children's Fund [UNICEF], 

2021). Additional influences on toddler nutrition and development include breastfeeding 

practices, complementary feeding (MP-ASI), employment status, maternal nutritional 

status during pregnancy, and maternal zinc and iron levels (Beal et al., 2018; 

Setiyaningsih et al., 2023; Susanto et al., 202; Hastuty et al., 2020; Ardiyah et al., 2015; 

Yuwanti et al., 2021). Nutritional needs during pregnancy increase to support maternal 

metabolism and fetal growth, including higher iron requirements (Pasalina et al., 2023). 

Low nutritional status in pregnant women can lead to stunting in children. Maternal 

malnutrition, particularly iron deficiency anaemia, impairs blood supply—the transporter 

of nutrients and oxygen to the fetus—resulting in developmental and growth disturbances 

(Nasriyah & Ediyono, 2023).    Anaemia is a condition characterised by decreased 

haemoglobin levels in blood, primarily caused by micronutrient deficiencies, especially 

Iron (McKee et al., 2017).    All fetal nutrients originate from the mother, with 

physiological transfer occurring through the placenta via transferrin. Transferrin is bound 

to iron and directly transferred from maternal blood to the syncytiotrophoblasts of 

placental villi via transferrin receptor 1 (TFR1) (Zhao et al., 2024). 

During pregnancy, maternal iron reserves gradually decline, with serum ferritin 

concentrations typically reaching their lowest point between weeks 35 and 38 (Vazquez 

et al., 2023). Iron deficiency is a significant risk factor for anaemia among women, and 

its failure is associated with anthropometric deficiencies such as stunting (Aboagye et al., 

2022). According to data from the Ministry of Health, nearly half of pregnant women in 

Indonesia (approximately 48.9%) suffer from anaemia, impacting child growth and 

development (Margawati et al., 2023; Ministry of Health of the Republic of Indonesia, 

2018).  

Maternal nutrition, nutrition: during pregnancy, nutrition is the primary source of 

nutrients vital for embryonic growth and development in early life (Costaa et al., 2019). 

During pregnancy, anaemia hampers the transfer of nutrients and oxygen from the 

placenta to the fetus, leading to growth disturbances and developmental issues affecting 

the brain, bones, and other organs (Rahayu, 2021a). Furthermore, anaemia during 

pregnancy increases the risk of maternal and neonatal mortality, low birth weight, 

prematurity, and neurobehavioral deficits (Georgieff, 2020). 

Low birth weight (LBW) has a significant impact on the occurrence of stunting 

within the first six months after birth and continues to affect growth up to 24 months of 

age (Windasari et al., 2020).    LBW is considered an initial point of risk for stunting; 

infants born with low weight have limited nutritional reserves, are more susceptible to 
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infections, and often experience growth retardation during the critical first two years of 

life—the ''golden period'' of child growth. 

Through family health studies, it is essential to understand how family roles 

influence the maintenance of nutritional and health status during pregnancy as a 

preventive measure against stunting.    Therefore, research is needed to analyse the effect 

of maternal health factors during pregnancy—such as completeness of ANC, occurrence 

of CED, and anaemia—on the incidence of LBW in stunted toddlers. 

 

METHOD 

This study employed a descriptive-analytical design, which investigates the 

relationship between variables. Specifically, the researcher aimed to describe and analyse 

the influence of anaemia, the completeness of antenatal care (ANC), and the occurrence 

of chronic energy deficiency (CED) in mothers during pregnancy on the incidence of low 

birth weight (LBW) among stunted children aged 24-59 months within families in 

Banyuwangi Regency. This research employed a retrospective approach, utilising 

secondary data from the Banyuwangi Health Office. The population comprised all stunted 

children aged 24-59 months registered in Banyuwangi in 2022, totalling 4,371 children. 

The sample included all these registered stunted children within the same age range and 

location, employing a total sampling technique. The study was conducted across all health 

centres (puskesmas) in Banyuwangi Regency. 

Before commencing the study, the researcher submitted a letter of ethical approval 

to the Academic Affairs Office of the Faculty of Dentistry at Jember University and 

subsequently obtained a research permit from the Doctoral Program in Public Health at 

Jember University.    Subsequently, the researcher obtained permission from the 

Banyuwangi National Unity and Political Agency (Bakesbangpol) and then submitted a 

research proposal to the Banyuwangi Regency Health Office for approval to conduct 

research within the regency's jurisdiction. The data used in this study were secondary and 

provided in an Excel file. The coding for variables was as follows: 1 for complete ANC, 

2 for incomplete ANC, and 3 for no ANC; 1 for LBW and 2 for normal birth weight; 1 

for anaemia and 2 for no anaemia; 1 for CED and 2 for no CED, based on the data 

provided from the Banyuwangi Health Office. 

Descriptive analysis was performed to characterise each subject, utilising frequency 

distribution with percentage measures for the incidences of anaemia, CED, ANC routine 

examinations, and LBW among the stunted children. Inferential analysis was conducted 

using multiple logistic regression to assess the relationships between maternal factors 

(ANC, CED, and anaemia) and the incidence of LBW in stunted children. The study 

received ethical approval from the Faculty of Dentistry, Jember University, with 

certificate number 3384/UN25.8/KEPK/DL/2025, issued on September 16, 2025.  

 

RESULTS 

1. Frequency Distribution of ANC, CED, and Maternal Anaemia Incidence among 

Pregnant Women in Stunted Children 
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Table 1. Distribution of Maternal and Neonatal Variables in Banyuwangi (n=4,371) 

Variable Frequency (f) Percentage (%) 

Adequate ANC (≥4 visits) 3,689 84.4 

Inadequate ANC (<4 visits) 682 15.6 

Maternal anemia (Hb <11 g/dl) 398 9.1 

No maternal anemia 3,973 90.9 

CED during pregnancy 644 14.7 

No CED during pregnancy 3,727 85.3 

LBW (<2500g) 398 9.1 

 

The data indicate that the majority of mothers (84.4%) received adequate antenatal care 

(ANC) services, with at least four visits. However, approximately 15.6% of mothers did 

not meet this standard.    The prevalence of anaemia during pregnancy was 9.1%, and 

CED was observed in 14.7% of cases. 

 

Table 2. Cross-tabulation of Low Birth Weight (LBW) Incidence Based on Anaemia 

Status, Chronic Energy Deficiency (CED), and Antenatal Care (ANC) Completeness 

among Stunted Children in Banyuwangi Regency 

  LBW Non-LBW Total 

a. Anemia Status    

Anemic 28 370 398 

Non-anemic 370 3,602 3,971 

b. Chronic Energy Deficiency (CED)    

Mother with CED 122 522 644 

Mother without CED 276 3,450 3,726 

c. ANC Completeness    

Complete ANC 368 3,321 3,689 

Incomplete ANC 24 627 651 

No ANC 6 25 31 

Total 398 3,973 4,371 

 

2.  Inferential Analysis Results 

a. Bivariate Selection 

Variables with a p-value < 0.25 were included in the multivariate analysis. 

 

1) Antenatal Care (ANC) Variable 

Table 3. ANC in the Equation 

Variable B S.E. Wald df Sig. Exp(B) 95% CI for Exp(B) 

Antenatal Care 0.675 0.175 14.819 1 0.000 1.963 1.392–2.767 

Constant 1.540 0.199 59.975 1 0.000 4.667  

 

2) Anemia Variable 
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Table 4. Anemia in the Equation 

Variable B S.E. Wald df Sig. Exp(B) 95% CI for Exp(B) 

Anemia during Pregnancy -0.306 0.203 2.255 1 0.133 0.737 0.494–1.098 

Constant 2.887 0.396 53.202 1 0.000 17.937  

 

3) Chronic Energy Deficiency (CED) Variable 

Table 5. CED in the Equation 

Variable B S.E. Wald df Sig. Exp(B) 95% CI for Exp(B) 

CED 1.072 0.118 81.948 1 0.000 2.921 2.316–3.685 

Constant 0.382 0.211 3.282 1 0.070 1.465  

 

Table 6. Candidate Variables for Multivariate Analysis 

No Variable p-value Description 

1 Antenatal Care <0.0001 Candidate 

2 Anemia <0.0001 Candidate 

3 Chronic Energy Deficiency (CED) <0.0001 Candidate 

 

b. Multivariate Analysis 

Statistical Test Results 

Block 1: Method = Backward Stepwise (Likelihood Ratio) 

Omnibus Tests of Model Coefficients 
 Chi-square df Sig. 

Step 121.972 3 0.000 

Block 121.972 3 0.000 

Model 121.972 3 0.000 

 

Model Summary 

Step -2 Log Likelihood Cox & Snell R² Nagelkerke R² 

1 2543.704 0.028 0.060 

Total sample size = 4,731 

Degrees of freedom (DF) = N − 1 = 4,730 

 

Since the value of -2 Log Likelihood (2543.704) is lower than the Chi-square table value, 

the null hypothesis (H₀) is accepted, indicating that the model including the independent 

variables is fit. 

 

Variables in the Equation (Final Model) 

Variable B S.E. Wald df Sig. Exp(B) 
95% CI for 

Exp(B) 

Antenatal Care 0.662 0.178 13.772 1 0.000 1.938 1.367–2.750 

Anemia during Pregnancy 
-

1.052 
0.223 22.279 1 0.000 0.349 0.226–0.540 
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Variable B S.E. Wald df Sig. Exp(B) 
95% CI for 

Exp(B) 

Chronic Energy Deficiency 

(CED) 
1.405 0.130 117.137 1 0.000 4.076 3.160–5.257 

Constant 1.055 0.471 5.007 1 0.025 2.871  

 

Logistic Regression Equation 

LBW = 2.871 + 1.938 (ANC) + 0.349 (Anemia) + 4.076 (CED) 

 

The highest odds ratio (OR) was observed for Chronic Energy Deficiency (CED) with 

OR = 4.076. 

 

Interpretation of Odds Ratios 

a. Antenatal Care (ANC): OR = 1.938, indicating that mothers who had 

incomplete or no ANC were 1.94 times more likely to deliver LBW infants 

compared to those with complete ANC. 

b. Anaemia during pregnancy: OR = 0.349, suggesting that mothers diagnosed 

with anaemia had a 65% lower risk of LBW. This counterintuitive finding 

suggests a complex relationship and requires further interpretation, possibly 

related to the effects of intervention. 

c. Chronic Energy Deficiency (CED): OR = 4.076, indicating that mothers with 

CED were more than four times as likely to deliver LBW infants. 

 

The analysis concludes that: 

a. Adequate antenatal care acts as a protective factor against low birth weight. 

b. Chronic energy deficiency is the most influential risk factor for LBW. 

c. Maternal anemia during pregnancy shows a statistically significant association 

with LBW; however, the odds ratio below 1 suggests a complex relationship 

potentially influenced by treatment or confounding factors. 

d. The highest odds ratio was observed for chronic energy deficiency (OR = 4.076), 

indicating that CED is the strongest risk factor for LBW in this model. 

 

DISCUSSION 

 The findings of this study demonstrate that maternal health factors during 

pregnancy—namely antenatal care (ANC) utilisation, chronic energy deficiency (CED), 

and maternal anaemia—are significantly associated with the incidence of low birth 

weight (LBW) among stunted children in Banyuwangi Regency. These results reinforce 

existing evidence that maternal conditions during pregnancy play a critical role in fetal 

growth and are key determinants of both birth outcomes and subsequent child growth 

trajectories. 

 Adequate antenatal care was significantly associated with a lower likelihood of 

LBW. This finding aligns with recent evidence indicating that ANC is not merely a 

procedural requirement but a comprehensive intervention platform for early detection and 

management of pregnancy-related complications, including anaemia, inadequate 

gestational weight gain, and maternal undernutrition. This aligns with theories asserting 

that direct factors—such as maternal nutritional status and infections—during pregnancy 
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directly influence fetal growth (Conceptual Framework on the Determinants of Maternal 

and Child Nutrition, 2020).  

 Furthermore, this research confirms that mothers experiencing CED and anaemia 

during pregnancy are at higher risk of delivering LBW infants. This aligns with the 

literature, which indicates that deficiencies in Iron and CED contribute to fetal growth 

disturbances due to the fetus's suboptimal oxygen and nutrient supply (Rahayu et al., 

2022; Nasriyah & Ediyono, 2023). Infants born with LBW have limited nutritional 

reserves and are more susceptible to infections, which further increases the risk of 

subsequent stunting. This study emphasises the crucial roles of family and healthcare 

providers in ensuring that pregnant women receive adequate prenatal care and proper 

nutritional management. Family education regarding the importance of routine ANC, iron 

supplementation, and a balanced diet is crucial to minimise the risks of anaemia and CED.    

Such approaches constitute key preventive strategies to reduce the incidence of LBW and 

stunting. CED (Chronic Energy Deficiency) has an upper arm circumference (LILA) of 

less than 23.5 cm. Mothers with CED are at increased risk of delivering low birth weight 

infants and experiencing fetal growth restrictions (Rahayu et al., 2022). Family economic 

status, dietary patterns, and lack of familial support influence maternal nutritional status.  

 ANC (Antenatal Care) aims to ensure maternal and fetal health, as well as the early 

detection of pregnancy complications. Recent studies emphasise that both the quantity 

and quality of ANC visits are essential in reducing adverse birth outcomes. Women who 

receive comprehensive ANC services benefit from nutritional counselling, iron–folic acid 

supplementation, monitoring of fetal growth, and timely referral, all of which contribute 

to optimal fetal development (Neupane et al., 2023; Engdaw et al., 2023). Inadequate 

ANC attendance has consistently been linked to increased risks of LBW and subsequent 

stunting, particularly in low- and middle-income settings (WHO, 2023). The results of 

this study support the need to strengthen ANC coverage and service quality at the primary 

healthcare level, particularly through public health centres (Puskesmas). 

 Chronic energy deficiency emerged as the strongest predictor of LBW in this study. 

Mothers experiencing CED during pregnancy were substantially more likely to deliver 

LBW infants.   CED reflects long-term maternal undernutrition, often measured using 

mid-upper arm circumference (MUAC/LILA), and indicates inadequate energy and 

protein intake to support pregnancy demands. Maternal energy deficiency compromises 

placental development and nutrient transfer, leading to intrauterine growth restriction 

(IUGR) and LBW (Mansor et al., 2024). Recent cohort and systematic studies confirm 

that insufficient maternal energy and protein intake during pregnancy significantly 

increases the risk of LBW, small-for-gestational-age infants, and poor neonatal outcomes 

(Marshall et al., 2022). From a family nursing perspective, CED is closely related to 

household food security, dietary diversity, cultural food practices, and family support 

systems. Therefore, addressing CED requires not only clinical interventions but also 

family-centred nutritional support and education. 

 Maternal anaemia during pregnancy is widely recognised as a major public health 

problem and a significant risk factor for LBW. Biologically, anaemia reduces the oxygen-

carrying capacity of maternal blood, impairing oxygen and nutrient delivery to the fetus 

and disrupting normal growth and organ development. Numerous recent meta-analyses 

and cohort studies have demonstrated that maternal anaemia, particularly in early and late 

pregnancy, increases the risk of LBW, preterm birth, and neonatal morbidity (Chen et al., 

2024; Zhao et al., 2024). In this study, the observed statistical association between 

anaemia and LBW must be interpreted cautiously, as secondary data may reflect the 
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effects of clinical interventions. Pregnant women diagnosed with anaemia are more likely 

to receive iron supplementation and closer monitoring through ANC services, which may 

mitigate adverse outcomes. This highlights the importance of early screening and 

effective management of anaemia during pregnancy rather than contradicting the 

established biological relationship. 

 Low birth weight represents a critical early-life risk factor for stunting. Infants born 

with LBW have limited nutrient reserves, a weakened immune system, and a higher 

susceptibility to infections, which can impair linear growth during the first 1,000 days of 

life. Several longitudinal studies have confirmed that LBW significantly increases the risk 

of stunting in infancy and early childhood (Aryastami et al., 2017; Namiiro et al., 2023). 

Thus, preventing LBW through improved maternal health is a strategic entry point for 

stunting prevention.    Interventions targeting maternal Nutrition and ANC utilisation 

have long-term benefits that extend beyond birth outcomes to child growth, cognitive 

development, and future health. 

 From a family health nursing perspective, the study's findings underscore the pivotal 

role of the family in supporting maternal health during pregnancy. Family health tasks—

such as recognising health problems, making appropriate healthcare decisions, providing 

daily care, modifying the home environment, and utilising health services—are crucial 

determinants of maternal nutritional status and ANC adherence. Family support 

influences dietary practices, compliance with iron supplementation, healthcare-seeking 

behaviour, and emotional well-being of pregnant women (Susanto, 2021). Family-centred 

nursing interventions that empower families with knowledge, skills, and motivation can 

effectively improve maternal nutrition, increase ANC attendance, and reduce the risk of 

CED and anaemia. Evidence from community-based interventions suggests that 

involving family members, particularly spouses, can enhance maternal health behaviours 

and improve pregnancy outcomes (Saleh et al., 2021). 

 This study underscores the need for integrated maternal health strategies that 

combine high-quality ANC services, nutritional interventions, and family-centred nursing 

approaches.    Strengthening routine screening for CED and anaemia, ensuring adequate 

supplementation, and engaging families in maternal care are essential components of 

stunting prevention programs. 

 However, this study has limitations. The use of secondary data restricts the 

availability of detailed clinical information, such as trimester-specific haemoglobin 

levels, gestational weight gain, and adherence to supplementation regimens. Future 

studies should employ prospective designs to capture causal relationships better and 

evaluate the effectiveness of family-based interventions on maternal and child health 

outcomes.  

 

CONCLUSION 

 This study concludes that maternal health factors during pregnancy—specifically, 

the completeness of antenatal care (ANC), the presence of CED (Chronic Energy 

Deficiency), and maternal anaemia—significantly influence the incidence of Low Birth 

Weight (LBW) among children who are stunted in Banyuwangi Regency. Mothers who 

do not complete the recommended ANC visits, experience CED, or suffer from anaemia 

during pregnancy are at a higher risk of delivering LBW infants, which subsequently 

increases the likelihood of childhood stunting. 

 These findings underscore the importance of ensuring comprehensive prenatal care, 

nutritional support, and health education for pregnant women. Addressing CED and 
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anaemia through routine screening, nutritional supplementation, and family support can 

effectively reduce the incidence of LBW and, consequently, mitigate the risk of stunting 

in early childhood. 

 It is recommended that health authorities and policymakers prioritise interventions 

aimed at improving ANC attendance, maternal nutritional status, and anaemia 

management.    Additionally, empowering families with knowledge about proper nutrition 

and health practices during pregnancy is vital to breaking the cycle of maternal 

malnutrition and childhood stunting. 
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