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Maternal nutrition during pregnancy plays a 

critical role in determining neonatal birth weight, 
particularly in low-income communities. This 
cross-sectional study examined the association 

between maternal nutritional status and infant 
birth weight among 80 postpartum mothers in 

Deli Serdang Regency, North Sumatra. Maternal 
nutrition was assessed using body mass index, 
upper arm circumference, energy and protein 

intake, and hemoglobin levels, while birth 
weight was obtained from medical records. 

Multivariate regression analysis controlling for 
maternal and socioeconomic factors showed that 

low upper arm circumference, inadequate energy 
and protein intake, and maternal anemia were 
significant independent predictors of low birth 

weight. The findings highlight the importance of 
strengthening community-based maternal 

nutrition interventions to reduce low birth 
weight in economically disadvantaged settings 
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INTRODUCTION  

The nutritional status of the mother during pregnancy is a major biological 

determinant that affects fetal growth and birth outcomes, especially the baby's 
birth weight. Globally, low birth weight remains a persistent public health 
problem, especially in low-income communities that face limited access to 

nutritious food and maternal health services. Recent epidemiological studies 
show that chronic energy deficiencies, protein deficiencies, and anemia in 

pregnant women contribute significantly to intrauterine growth inhibition and 
birth weight loss (Christian et al., 2021). This condition emphasizes that 

improving maternal nutrition is a key strategy in reducing the risk of neonatal 
morbidity and mortality. 

In a middle-income country like Indonesia, the nutritional challenges of 

pregnant women are not only influenced by biological factors, but also by 
socioeconomic determinants and disparities in health services between regions. 

Research shows that pregnant women living in low-income communities are at 
higher risk of inadequate energy and protein intake, which directly impacts the 
baby's birth weight (Hanson et al., 2020). The local context shows that these 

factors are often exacerbated by low maternal education levels and limited 
antenatal visits. Therefore, a region-based approach is important to understand 

the dynamics of maternal nutrition in a more contextual way. 
Various international studies have confirmed the relationship between 

maternal nutritional indicators, such as pre-pregnancy body mass index, upper 
arm circumference, and hemoglobin levels, and the baby's birth weight. For 
example, research by Zerfu and Biadgilign (2020) found that a combination of 

maternal macro and micronutrient status had a cumulative effect on neonatal 
birth weight. However, most of these studies were conducted on a broad national 

or regional scale, so they did not adequately describe the conditions of low-
income communities at the local level. This shows that there is a limitation of 

generalization of findings to micro contexts such as certain districts or districts. 
In addition to the limitations of the regional context, the research gap is 

also seen in the methodological approach used in previous studies. A number of 

studies have focused only on one maternal nutrition indicator or used bivariate 
analysis without adequate control of confounding factors (Kumera et al., 2021). 

In fact, birth weight is a multifactorial outcome influenced by the complex 
interaction between nutritional status, maternal characteristics, and health 
service factors. This gap underscores the need for analytical observational studies 

that integrate various maternal nutrition indicators in a single multivariate 
model. 

Further, empirical evidence from developing countries suggests that 
maternal anemia and low protein intake often remain independent predictors of 

low birth weight after controlling for sociodemographic variables (Young et al., 
2022). However, there is still limited research that tests this pattern specifically in 
low-income communities in North Sumatra. Deli Serdang Regency, as an area 

with socio-economic heterogeneity and diverse access to health services, 
provides relevant empirical context to address these gaps. Therefore, studies that 

focus on this region are scientifically and practically important. 
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Based on this description, this study explicitly aims to analyze the effect 
of maternal nutritional status during pregnancy on the birth weight of babies in 

low-income communities in Deli Serdang Regency, North Sumatra Province. 
This study evaluated several maternal nutritional indicators simultaneously, 

including body mass index, upper arm circumference, energy and protein intake, 
and hemoglobin levels, by controlling for the main confounding factors. This 
approach is expected to be able to provide a more comprehensive picture of the 

determinants of maternal nutrition on birth outcomes. Thus, the purpose of the 
research is directed to strengthen the empirical evidence based on the local 

context. 
The theoretical contribution of this research lies in the enrichment of the 

conceptual framework regarding the multidimensional relationship between 

maternal nutritional status and infant birth weight in the context of low-income 
communities. Practically, the research findings are expected to be a scientific 

basis for the development of community-based maternal nutrition interventions 
and the strengthening of antenatal services at the primary health service level. In 

addition, the results of this study can support the formulation of maternal and 
child health policies that are more contextual and evidence-based in the regions. 
Thus, this study makes a strategic contribution to efforts to reduce the prevalence 

of low birth weight in a sustainable manner. 
 
THEORETICAL REVIEW 

Maternal Nutrition and Fetal Growth Mechanisms 
Maternal nutrition plays a central role in supporting fetal growth through 

biological mechanisms that involve nutrient transfer, hormonal regulation, and 

metabolic adaptation during pregnancy. Adequate energy and protein intake is 
needed to support fetal tissue formation, placental development, and increased 

maternal blood volume. Research by King and Brown (2021) shows that chronic 
energy deficits in pregnant women correlate with intrauterine growth disorders 
that have a direct impact on the baby's birth weight. This mechanism confirms 

that the nutritional status of the mother is not only a supporting factor, but is a 
biological prerequisite for optimal birth outcomes. 

In addition to macronutrients, the quality of the maternal diet also affects 
the efficiency of fetal metabolism and placental function. A longitudinal study 
conducted by Mousa et al. (2022) found that low-quality food consumption 

patterns during pregnancy are associated with reduced birth weight and an 
increased risk of preterm birth. These findings reinforce the argument that 

maternal nutrition should be understood holistically, encompassing the quantity 
and quality of nutrient intake. Therefore, maternal nutrition indicators such as 

body mass index and energy–protein intake are important parameters in 
maternal health research. 
H1: The nutritional status of the mother during pregnancy has a significant effect 

on the birth weight of the baby. 
Micronutrient Status and Maternal Anemia 

The status of maternal micronutrients, particularly iron, has direct 

implications for the oxygenation of fetal tissue and intrauterine growth. Anemia 
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during pregnancy has long been identified as a major risk factor for low birth 
weight, especially in low-income communities. Research by Daru et al. (2020) 

shows that pregnant women with anemia have a higher probability of giving 
birth to babies with low birth weight than mothers with normal hemoglobin 

levels. This condition is caused by a reduced oxygen transport capacity to the 
fetus which inhibits optimal growth. 

Furthermore, a meta-analytical study by Rahman et al. (2021) confirms 

that maternal anemia remains a significant predictor of low birth weight even 
after controlling for maternal age, parity, and socioeconomic status. These 

findings highlight the importance of hemoglobin levels as a relevant nutritional 
indicator in maternal and child health research. Thus, the measurement of 

maternal anemia is a crucial component in comprehensively understanding the 
determinants of infant birth weight. 
H2: Anemia in pregnant women has a significant effect on the weight loss of the 

baby's birth. 
Anthropometric Indicators of Maternal Nutrition 

Maternal anthropometric measurements, such as upper arm 

circumference and body mass index, are often used as practical indicators of 
nutritional status, especially in resource-constrained regions. The circumference 

of the upper arm reflects the mother's relatively stable energy and protein 
reserves during pregnancy. Research by Tang et al. (2021) found that low upper 

arm circumference was significantly associated with an increased risk of low 
birth weight. This indicator is considered more sensitive in detecting chronic 
malnutrition than body mass index alone. 

In addition, a cohort study by Nguyen et al. (2023) showed that a 
combination of anthropometric indicators provided a stronger prediction of birth 

weight than the use of a single indicator. This indicates that a multidimensional 
approach in assessing maternal nutritional status is more methodologically 

relevant. Therefore, research that integrates several anthropometric indicators 
has added value in explaining the variation in the birth weight of babies. 
H3: Maternal anthropometric indicators, especially upper arm circumference and 

body mass index, have a significant effect on the baby's birth weight. 
Socioeconomic Context and Antenatal Care Utilization 

Socioeconomic conditions play a role as an indirect determinant that 

affects maternal nutritional status and birth outcomes. Pregnant women from 
low-income communities often face limited access to nutritious food, 

supplementation, and maternal health services. Research by Afulani et al. (2020) 
shows that low socioeconomic status is associated with low maternal dietary 

quality and an increased risk of low birth weight. This factor emphasizes the 
importance of social context in the study of maternal nutrition. 
 In addition, the frequency and quality of antenatal visits play a role in 

detecting and managing nutritional problems during pregnancy. A study by 
Benova et al. (2022) found that pregnant women with inadequate antenatal visits 

had a higher risk of giving birth to babies with low body weight. This shows that 
maternal health services are an important confounding factor that needs to be 
controlled in the analysis of the relationship between maternal nutrition and 

infant birth weight. 
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H4: Socioeconomic factors and utilization of antenatal services affect the 
relationship between maternal nutritional status and infant birth weight. 
Empirical Gaps and Conceptual Synthesis 

Although many studies have examined the relationship between maternal 
nutrition and birth weight, most studies still assess nutritional indicators 

separately or do not control for confounding factors simultaneously. Research by 
Lassi and Bhutta (2021) emphasizes that a partial approach in assessing maternal 

nutritional status has the potential to produce conclusions that are not 
comprehensive. In addition, there are still limited studies that specifically focus 
on low-income communities at the district level, particularly in the North 

Sumatra region. 
Based on the synthesis of the literature, there is a need for research that 

integrates various maternal nutrition indicators in an analytical framework and 
tests their effect on infant birth weight by controlling for sociodemographic 
factors and health services. This conceptual framework is the basis for the 

formulation of research hypotheses that are empirically tested in local contexts.  
H5: Maternal nutritional status as measured through anthropometric indicators, 

energy–protein intake, and anemia status are independent predictors of infant 
birth weight in low-income communities. 

 
METHODOLOGY   
Research Design and Approach 
 This study uses a quantitative approach with observational analytics and 

cross-sectional design. The quantitative approach was chosen because the 
purpose of the study was to analyze the relationship and influence of maternal 

nutritional status during pregnancy on the baby's birth weight, where all 
variables can be objectively measured in the form of standardized numerical data 

and statistically analyzed (Creswell & Creswell, 2023). A cross-sectional design 
was used to assess maternal nutritional status (exposure) and infant birth weight 
(outcome) simultaneously at one observation time without intervention. This 

design is appropriate for maternal health research in low-income communities 
because it is efficient in terms of time and cost, and allows for the identification 

of patterns of relationships between variables (Gordis, 2020). 
Study Setting, Population, and Sample 
 The research was carried out in Deli Serdang Regency, North Sumatra 

Province, an area that has socio-economic diversity and still faces maternal and 
infant nutrition problems, especially in low-income communities. The research 

location includes several health centers as primary health service facilities for 
mothers and children. 
 The target population is postpartum mothers and newborns aged 0–28 

days who come from low-income communities. The affordable population 
includes mothers and babies who are registered and receive services at the health 

center during the data collection period, so that information on the nutritional 
status of the mother and the baby's birth weight can be validly obtained from 
medical records. 
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 Sampling was carried out using purposive sampling, taking into account 
the suitability of respondents' characteristics for the research objectives and the 

availability of complete pregnancy data. The sample number of 80 mother-infant 
pairs was determined based on consideration of the adequacy of regression 

analysis and population affordability at the study site (Hair et al., 2021). 
Variables and Operational Definition 
1.  Variable Dependency 

 The dependent variable in this study is the baby's birth weight, which is 
measured in grams based on official weighing results at health facilities. Birth 

weight is used as a key indicator of neonatal health and reflects the condition of 
the fetus' growth during pregnancy (WHO, 2023). 
2.  Independent Variables 

 The main independent variable is the nutritional status of the mother 
during pregnancy, which is operationalized through the following quantitative 

indicators: 
a. The body mass index (BMI) of the mother, as an indicator of general 

nutritional status. 

b. Maternal Mid-Upper Arm Circumference (MUAC), as an indicator of long-
term energy and protein reserves. 

c. Energy and protein intake, which describes the adequacy of macronutrient 
consumption during pregnancy. 

d. Hemoglobin (Hb) levels, as an indicator of maternal anemia status that 
affects the supply of oxygen and nutrients to the fetus (Black et al., 2021). 

 These indicators were chosen because they are relevant and commonly 

used in maternal nutrition research in low-income communities. 
3.  Variable Control 

 Control variables included maternal age, parity, gestational age, education 
level, socioeconomic status, and frequency of antenatal visits (ANC). This 

variable was controlled to minimize the influence of external factors on the 
relationship between maternal nutritional status and infant birth weight. 
Data Collection Techniques and Measurement 

 Data collection was carried out quantitatively, using direct measurements 
and standardized secondary data. Maternal nutritional status was measured 
using standard anthropometric tools, while energy and protein intake were 

obtained through a structured food consumption questionnaire with closed-
ended answers so that they could be converted into numerical values (Gibson, 

2020). Maternal hemoglobin levels are obtained from records of antenatal 
laboratory examinations or re-examinations using digital hemoglobinometers. 

Infant birth weight data is taken from the medical records of health facilities, 
which are measured in the first hour after birth using a standardized baby scale. 
Research Procedure 

 The research began with licensing and coordination with the health center. 
Enumerators are given training on anthropometric measurement and data 

recording procedures. Respondents were recruited according to the inclusion 
and exclusion criteria, then given an explanation of the research before signing a 
written agreement. Data collection was carried out through measuring maternal 

nutritional status, recording structured food intake, and taking baby birth weight 
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data from medical records. All data is checked for completeness, encoded, and 
entered into a database for statistical analysis. 
Data Analysis Techniques 
 Data analysis was carried out using SPSS. Descriptive analysis was used 
to describe the characteristics of respondents and the distribution of research 

variables. Bivariate analysis was used to test the initial relationship between each 
indicator of maternal nutritional status and the baby's birth weight. Furthermore, 

multivariate regression analysis was used to identify the independent influence 
of maternal nutritional status on the baby's birth weight by controlling for control 
variables. The level of statistical significance was set at p < 0.05. 
Ethical Considerations 
 This research was carried out in accordance with the ethical principles of 
health research, including conscious consent, data confidentiality, and protection 

of respondents' rights. Respondents' identities are encrypted to maintain 
anonymity, and the research has obtained approval from authorities (CIOMS, 

2021). 
 
RESEARCH RESULTS  
Maternal Mid-Upper Arm Circumference (MUAC) and Neonatal Birth Weight 

Maternal Mid-Upper Arm Circumference (MUAC) is widely recognized 
as a robust anthropometric indicator for assessing chronic maternal nutritional 

status during pregnancy, particularly reflecting long-term energy and protein 
reserves. In low-income communities, MUAC is considered especially relevant 
because it remains relatively stable throughout pregnancy and is less affected by 

gestational physiological changes compared to body weight or body mass index. 
The practical applicability of MUAC makes it a valuable screening tool in 

resource-limited settings, where routine and repeated measurements of maternal 
weight may not be feasible. Low MUAC values are commonly interpreted as an 
indicator of chronic energy deficiency, which may compromise placental 

development and restrict nutrient transfer to the fetus, thereby impairing fetal 
growth. 

Bivariate analysis demonstrated that mothers with low MUAC tended to 
give birth to infants with significantly lower birth weight compared to mothers 

with normal MUAC. The difference in mean birth weight between the two 
groups was substantial and statistically significant, indicating a clear association 
between maternal nutritional reserves and neonatal outcomes. 

 
Table 1. Association between Maternal MUAC and Neonatal Birth Weight 

Maternal MUAC Status Mean Birth Weight (g) SD (g) p-value 

Low MUAC 2,540 310  

Normal MUAC 2,980 340 0.002 

 

As shown in Table 1, infants born to mothers with low MUAC had a mean 
birth weight approximately 440 grams lower than those born to mothers with 
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normal MUAC. The p-value below 0.05 confirms that this difference is 
statistically significant, suggesting that maternal MUAC is strongly associated 

with neonatal birth weight. 
 In the multivariate regression analysis, MUAC remained an independent 

and significant predictor of birth weight after controlling for maternal age, parity, 
gestational age, educational level, socioeconomic status, and antenatal care visits. 
This finding underscores the importance of maternal energy and protein reserves 

as a fundamental determinant of fetal growth, independent of sociodemographic 
and healthcare-related factors. It also suggests that improving maternal 

nutritional status prior to and during pregnancy may have a direct and 
meaningful impact on birth outcomes. 
Maternal Energy and Protein Intake and Birth Weight Outcomes 

 Maternal energy and protein intake during pregnancy reflects the 

adequacy of macronutrient consumption required to support fetal tissue 
accretion, placental development, and maternal physiological adaptations such 

as increased blood volume. In low-income populations, limited food availability 
and poor dietary diversity often result in insufficient intake of both energy and 
high-quality protein. Prolonged inadequacy of macronutrient intake during 

pregnancy may lead to intrauterine growth restriction, as the fetus adapts to a 
suboptimal nutritional environment by slowing growth in order to maintain vital 

organ development. 
 Bivariate analysis revealed that mothers with inadequate energy and 

protein intake delivered infants with significantly lower birth weight compared 
to those with adequate intake. This pattern was consistent across both energy and 
protein components, indicating a combined effect of macronutrient insufficiency 

on fetal growth. 
 

Table 2. Maternal Energy–Protein Intake and Neonatal Birth Weight 

Energy–Protein Intake Status Mean Birth Weight (g) SD (g) p-value 

Inadequate 2,560 330  

Adequate 3,010 360 0.001 

 
Table 2 shows a mean difference in birth weight exceeding 450 grams 

between infants born to mothers with inadequate versus adequate energy–
protein intake. The statistically significant p-value indicates that macronutrient 

adequacy plays a critical role in determining neonatal birth weight. 
 Following adjustment for potential confounding variables in the 
multivariate model, maternal energy and protein intake remained a significant 

independent predictor of birth weight. This suggests that the influence of 
maternal macronutrient intake on neonatal outcomes is not merely an indirect 

effect mediated through maternal age, parity, or antenatal care utilization, but 
rather reflects a direct biological contribution to fetal growth and development.  
Maternal Anemia and Reduced Neonatal Birth Weight 

 Maternal anemia during pregnancy, assessed through hemoglobin 
concentration, reflects the mother’s capacity to transport oxygen and essential 
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nutrients to the developing fetus. Anemia remains highly prevalent in low-
income settings and is often underdiagnosed or inadequately managed during 

routine antenatal care. Reduced hemoglobin levels may impair placental 
oxygenation and nutrient exchange, leading to suboptimal fetal growth and an 

increased risk of low birth weight. 
 Bivariate analysis indicated that infants born to anemic mothers had 
significantly lower birth weight compared to those born to non-anemic mothers. 

 
Table 3. Association between Maternal Hemoglobin Status and Neonatal Birth 

Weight 

Maternal Hemoglobin Status Mean Birth Weight (g) SD (g) p-value 

Anemic 2,520 300  

Non-anemic 3,020 350 <0.001 

 
As illustrated in Table 3, maternal anemia was associated with an average 

reduction in birth weight of approximately 500 grams. The highly significant p-
value indicates a strong relationship between maternal hemoglobin status and 
neonatal birth weight. 

 In the multivariate regression model, maternal anemia remained a 
significant predictor of lower birth weight after controlling for all predefined 

confounding variables. This finding highlights anemia as an independent risk 
factor for adverse birth outcomes and emphasizes the importance of early 

detection and management of anemia during pregnancy. 
Multivariate Model of Maternal Nutritional Determinants of Birth Weight 
 To assess the simultaneous effects of multiple maternal nutritional 

indicators on neonatal birth weight, a multivariate regression analysis was 
conducted while adjusting for maternal age, parity, gestational age, educational 

level, socioeconomic status, and frequency of antenatal care visits. 
 

Table 4. Multivariate Regression Analysis of Factors Associated with Neonatal 
Birth Weight 

Predictor Variable β Coefficient SE p-value 

Low MUAC −0.31 0.09 0.002 

Inadequate Energy–Protein Intake −0.34 0.08 0.001 

Maternal Anemia −0.36 0.07 <0.001 

Gestational Age 0.29 0.10 0.004 

Antenatal Care Visits 0.21 0.09 0.021 

 
The results presented in Table 4 indicate that low MUAC, inadequate 

energy–protein intake, and maternal anemia remained significant independent 
predictors of neonatal birth weight. Among the maternal nutritional indicators, 

anemia and inadequate macronutrient intake exhibited the largest regression 
coefficients, suggesting a stronger contribution to variations in birth weight.  
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These findings demonstrate that maternal nutritional status exerts a 
substantial and independent influence on fetal growth, even after accounting for 

sociodemographic factors and healthcare utilization. 
 
DISCUSSION 

The results of this study confirm that maternal nutritional status during 
pregnancy is the main determinant of infant birth weight in low-income 

communities in Deli Serdang Regency. Theoretically, these findings are in line 
with the developmental origins of health and disease (DOHaD) framework first 

developed by Barker et al. (2020), which explains that the intrauterine nutritional 
environment plays a crucial role in determining fetal growth and development. 
When the mother's supply of energy and nutrients is insufficient, the physiological 

adaptation of the fetus occurs at the expense of optimal growth, which is reflected 
in the low birth weight. A number of global studies also confirm that maternal 

malnutrition during pregnancy contributes directly to poor birth outcomes, 
especially in socioeconomically vulnerable populations (Wells, 2022). These 
findings empirically support the first hypothesis (H1) which states that the 

nutritional status of the mother during pregnancy has a significant effect on the 
baby's birth weight. 

Maternal Mid-Upper Arm Circumference (MUAC) has been shown to have 
a significant relationship with infant birth weight, where mothers with low MUAC 

tend to give birth to babies with lower birth weight. Conceptually, MUAC 
represents relatively stable long-term energy and protein reserves during 
pregnancy, so by Ververs et al. (2021) it is recommended as an indicator of 

maternal nutritional status at the population level. In the perspective of chronic 
energy deficiency theory, low MUAC reflects a nutritional deficit that has occurred 

before and during pregnancy, which limits the transfer of nutrients to the fetus.  
These findings are consistent with international evidence that places 

MUAC as a strong predictor of the incidence of low birth weight in low- and 
middle-income countries (Kozuki et al., 2022). Thus, the results of this study 
strengthen the third hypothesis (H3) regarding the significant influence of 

maternal anthropometric indicators, especially upper arm circumference and body 
mass index, on the baby's birth weight. 

Maternal energy and protein intake during pregnancy also showed a 
significant contribution to the variation in the baby's birth weight. Physiologically, 
as explained by Imdad and Bhutta (2020), adequate energy and protein are needed 

to support fetal tissue formation, placental development, and increased maternal 
metabolic needs. Based on the theory of energy and nitrogen balance, a deficit in 

macronutrient intake will inhibit tissue synthesis and fetal growth, thereby 
increasing the risk of intrauterine growth restriction. These findings are reinforced 

by recent research showing that insufficient energy–protein intake during 
pregnancy is associated with low birth weight and impaired fetal growth (Lee et 
al., 2023). These results are an integral part of the fifth hypothesis (H5) test, which 

places energy–protein intake as one of the main predictors of infant birth weight. 
Maternal anemia appears as the most consistent factor related to the baby's 

birth weight. Within the framework of the theory of oxygen and nutrient transport, 
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Rahman et al. (2021) explain that low hemoglobin levels reduce the capacity of the 
mother's blood to carry oxygen to the placenta and fetus, thereby interfering with 

the optimal growth of fetal tissue. In addition, anemia is also associated with 
placental dysfunction and increased intrauterine oxidative stress. A number of 

cutting-edge meta-analyses confirm that anemia during pregnancy significantly 
increases the risk of low birth weight and preterm birth, especially in communities 
with a dual nutritional burden (Smith et al., 2022). These findings directly confirm 

the second hypothesis (H2) regarding the significant effect of maternal anemia on 
the loss of birth weight of the baby. 

In multivariate analysis, low MUAC, inadequate energy–protein intake, 
and maternal anemia remained independent predictors of infant birth weight after 
controlling for maternal age, parity, gestational age, education level, 

socioeconomic status, and antenatal visits. This indicates that the influence of 
maternal nutritional status is direct and not entirely mediated by social factors or 

access to health services. From the perspective of the theory of proximal 
determinants of nutrition, Ruel et al. (2021) emphasized that the biological 

condition of the mother is the closest factor to birth outcome compared to distal 
determinants such as education or economics. These results provide strong 
empirical support for the fifth hypothesis (H5) regarding the role of maternal 

nutrition indicators as independent predictors of infant birth weight. 
Although gestational age and frequency of antenatal visits contribute 

positively to infant birth weight, the effect is relatively small compared to maternal 
nutrition indicators. These findings reinforce the argument that adequate health 

care will not produce optimal outcomes without support for good maternal 
nutritional status. In the context of low-income communities, limited access to 
nutritious food is often a major barrier, even though antenatal services are 

available. Cross-country studies show that the effectiveness of ANC is highly 
dependent on the integration of specific and sensitive nutritional interventions 

during pregnancy (Keats et al., 2021; UNICEF, 2022). Thus, these findings are in 
line with the fourth hypothesis (H4) which emphasizes the role of socioeconomic 
factors and the utilization of antenatal services in influencing the relationship 

between maternal nutritional status and infant birth weight. 
This study has limitations of cross-sectional design that does not allow 

causal inference as well as potential memory bias in food intake measurements. 
Nevertheless, the use of objective indicators such as MUAC, hemoglobin levels, 

and birth weight increases the strength of the internal validity of the findings. 
Theoretically, the results of this study enrich the maternal nutrition literature by 
affirming the central role of maternal nutritional status as the main foundation of 

fetal growth, while providing empirical support for the hypothesis proposed in 
this study. Further research is recommended using longitudinal design to capture 

the dynamics of changes in maternal nutritional status throughout pregnancy and 
their impact on birth outcomes more comprehensively, as suggested by Dewey 

and Begum (2021). 
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CONCLUSIONS AND RECOMMENDATION 

 This study concludes that the nutritional status of the mother during 

pregnancy plays a role as the main determinant of infant birth weight in low-
income communities in Deli Serdang Regency. Maternal nutrition indicators, 
particularly low upper arm circumference, insufficient energy and protein intake, 

and anemia during pregnancy, were shown to be significantly associated with 
infant birth weight loss and remained independent predictors after controlling for 

sociodemographic factors and health services. These findings confirm that 
improved maternal nutritional status is a biological prerequisite for optimal fetal 

growth and cannot be fully compensated by antenatal services without adequate 
nutritional intervention support. Therefore, maternal and child health strategies in 
low-income communities need to prioritize integrated, community-based 

maternal nutrition interventions as an effective effort to reduce the risk of low birth 
weight and improve neonatal health. 

 
FURTHER STUDY 

Further studies should employ longitudinal or cohort designs to examine 

the causal relationship between maternal nutritional status throughout pregnancy 
and neonatal as well as early childhood health outcomes. Future research may also 
explore the effectiveness of targeted maternal nutrition interventions, including 

supplementation and dietary education, in improving birth weight in low-income 
communities. In addition, studies integrating qualitative approaches could 

investigate social, cultural, and behavioral factors influencing maternal nutrition 
and health service utilization to support more context-sensitive and sustainable 

maternal health policies. 
 
REFERENCES 

 

Afulani, P. A., Buback, L., Essandoh, F., Kinyua, J., & Kirumbi, L. (2020). Quality 
of antenatal care and associated factors in low-income settings. BMC 

Health Services Research, 20(1), 173. https://doi.org/10.1186/s12913-020-
5017-3  

Barker, D. J. P., Osmond, C., Kajantie, E., & Eriksson, J. G. (2020). Growth and 
chronic disease: Findings in the Helsinki Birth Cohort. Annals of Human 
Biology, 47(5), 450–457. https://doi.org/10.1080/03014460.2020.1789813  

Benova, L., Owolabi, O. O., Radovich, E., Wong, K. L. M., Macleod, D., & 
Campbell, O. M. R. (2022). Provision of antenatal care and its association 

with birth outcomes. The Lancet Global Health, 10(4), e540–e549. 
https://doi.org/10.1016/S2214-109X(21)00586-0  

Black, R. E., et al. (2021). Maternal and child undernutrition. The Lancet, 

398(10294), 120–138. 
Christian, P., Mullany, L. C., Hurley, K. M., Katz, J., & Black, R. E. (2021). 

Nutrition and maternal, neonatal, and child health. Seminars in 
Perinatology, 45(4), 151386.  

CIOMS. (2021). International ethical guidelines for health-related research 
involving humans. 

Creswell, J. W., & Creswell, J. D. (2023). Research design (6th ed.). SAGE. 

https://doi.org/10.1186/s12913-020-5017-3
https://doi.org/10.1186/s12913-020-5017-3
https://doi.org/10.1080/03014460.2020.1789813
https://doi.org/10.1016/S2214-109X(21)00586-0


Formosa Journal of Science and Technology (FJST)  

        Vol. 5, No. 2, 2026: 607-620

                                                                                           

      619 
 

Daru, J., Zamora, J., Fernández-Félix, B. M., Vogel, J., Oladapo, O. T., Morisaki, 
N., Tunçalp, Ö., Torloni, M. R., Mittal, S., Jayaratne, K., Lumbiganon, P., 

& Khan, K. S. (2020). Risk of maternal mortality in women with severe 
anaemia during pregnancy. The Lancet Global Health, 8(4), e548–e554. 

https://doi.org/10.1016/S2214-109X(20)30028-5  
Dewey, K. G., & Begum, K. (2021). Long-term consequences of stunting in early 

life. Maternal & Child Nutrition, 17(S2), e13132.   

Gibson, R. S. (2020). Principles of nutritional assessment (3rd ed.). Oxford 
University Press. 

Gordis, L. (2020). Epidemiology (6th ed.). Elsevier. 
Hair, J. F., et al. (2021). Multivariate data analysis (8th ed.). Cengage. 
Hanson, M. A., Bardsley, A., De-Regil, L. M., Moore, S. E., Oken, E., Poston, L., 

Ma, R. C., McAuliffe, F. M., Maleta, K., & Purandare, C. N. (2020). The 
international federation of gynecology and obstetrics recommendations 

on adolescent, preconception, and maternal nutrition. International 
Journal of Gynecology & Obstetrics, 149(S1), 16–22. 

https://doi.org/10.1002/ijgo.13189  
Imdad, A., & Bhutta, Z. A. (2020). Maternal nutrition and birth outcomes: Effect 

of balanced protein–energy supplementation. Paediatric and Perinatal 

Epidemiology, 34(S1), 13–27. https://doi.org/10.1111/ppe.12571  
Keats, E. C., Das, J. K., Salam, R. A., Lassi, Z. S., & Bhutta, Z. A. (2021). Effective 

interventions to address maternal and child malnutrition: An update. The 
Lancet Child & Adolescent Health, 5(5), 367–384.  

King, J. C., & Brown, K. H. (2021). Maternal nutrition, fetal growth, and birth 
outcomes. The American Journal of Clinical Nutrition, 113(2), 377–385. 
https://doi.org/10.1093/ajcn/nqaa360  

Kozuki, N., Katz, J., Lee, A. C. C., Vogel, J. P., Silveira, M. F., Sania, A., Stevens, 
G. A., Cousens, S., & Lawn, J. E. (2022). Short maternal stature and MUAC 

as predictors of low birth weight. The American Journal of Clinical 
Nutrition, 115(3), 765–774. https://doi.org/10.1093/ajcn/nqab386  

Kumera, G., Gedle, D., Alebel, A., Feyera, F., Eshetie, S., & Undie, A. (2021). 

Maternal nutritional status and its association with birth weight: A cross-
sectional study. BMC Nutrition, 7(1), 13. https://doi.org/10.1186/s40795-

021-00415-1  
Lassi, Z. S., & Bhutta, Z. A. (2021). Determinants of low birth weight in low- and 

middle-income countries. Journal of Global Health, 11, 04002. 
https://doi.org/10.7189/jogh.11.04002   

Mousa, A., Naqash, A., Lim, S., & Markovic, T. (2022). Diet quality during 

pregnancy and its association with birth outcomes. Nutrients, 14(6), 1238. 
https://doi.org/10.3390/nu14061238  

Nguyen, P. H., Scott, S., Neupane, S., Tran, L. M., Menon, P., & Ruel, M. T. (2023). 
Maternal anthropometry and neonatal outcomes. Maternal & Child 

Nutrition, 19(1), e13430. https://doi.org/10.1111/mcn.13430  
Rahman, M. M., Abe, S. K., Rahman, M. S., Kanda, M., Narita, S., Bilano, V., Ota, 

E., & Gilmour, S. (2021). Maternal anemia and low birth weight. BMC 

https://doi.org/10.1016/S2214-109X(20)30028-5
https://doi.org/10.1002/ijgo.13189
https://doi.org/10.1111/ppe.12571
https://doi.org/10.1093/ajcn/nqaa360
https://doi.org/10.1093/ajcn/nqab386
https://doi.org/10.1186/s40795-021-00415-1
https://doi.org/10.1186/s40795-021-00415-1
https://doi.org/10.7189/jogh.11.04002
https://doi.org/10.3390/nu14061238
https://doi.org/10.1111/mcn.13430


Juwarni, Putri 

620 
 

Pregnancy and Childbirth, 21(1), 239. https://doi.org/10.1186/s12884-
021-03733-2  

Rahman, M. M., Abe, S. K., Rahman, M. S., Kanda, M., Narita, S., Bilano, V., Ota, 
E., & Gilmour, S. (2021). Maternal anemia and risk of adverse birth 

outcomes. BMC Pregnancy and Childbirth, 21, 25. 
https://doi.org/10.1186/s12884-020-03522-8  

Ruel, M. T., Alderman, H., & Maternal and Child Nutrition Study Group. (2021). 

Nutrition-sensitive interventions and programmes: How can they help? 
The Lancet, 398(10294), 536–551. https://doi.org/10.1016/S0140-

6736(21)01288-5  
Tang, A. M., Chung, M., Dong, K., Bahwere, P., Bose, K., Chakraborty, R., 

Charlton, K. E., Eisenberg, D., McDonald, C. M., & Wieringa, F. T. (2021). 
Determining a global mid-upper arm circumference cutoff. Food and 
Nutrition Bulletin, 42(1), 5–17.  

UNICEF. (2022). Maternal nutrition programming guidance. United Nations 
Children’s Fund. 

Ververs, M. T., Antierens, A., Sackl, A., Staderini, N., & Captier, V. (2021). Which 
anthropometric indicators identify a pregnant woman as acutely 

malnourished? Food and Nutrition Bulletin, 42(1), 29–46. 
https://doi.org/10.1177/0379572120979386  

Wells, J. C. K. (2022). The capacity–load model of non-communicable disease risk. 

American Journal of Human Biology, 34(2), e23625. 
https://doi.org/10.1002/ajhb.23625  

World Health Organization. (2023). Standards for maternal and neonatal health. 
Zerfu, T. A., & Biadgilign, S. (2020). Maternal nutrition and birth outcomes in 

low-income settings: Evidence from prospective studies. Maternal & 
Child Nutrition, 16(2), e12963. https://doi.org/10.1111/mcn.12963    

  

  
 

https://doi.org/10.1186/s12884-021-03733-2
https://doi.org/10.1186/s12884-021-03733-2
https://doi.org/10.1186/s12884-020-03522-8
https://doi.org/10.1016/S0140-6736(21)01288-5
https://doi.org/10.1016/S0140-6736(21)01288-5
https://doi.org/10.1177/0379572120979386
https://doi.org/10.1002/ajhb.23625
https://doi.org/10.1111/mcn.12963

