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ABSTRACT 

Background: Maternal nutrition plays a fundamental role in pregnancy outcomes, fetal development, and long-term offspring 

health. Inadequate nutrient intake and micronutrient deficiencies during gestation contribute to complications such as preterm 

birth, low birth weight, and maternal morbidity. Despite growing awareness, deficiencies in key nutrients such as iron, calcium, 

and vitamin D remain prevalent, particularly in resource-limited settings. Understanding the impact of maternal dietary patterns 

and nutrient status on fetal growth and neonatal health is essential for improving pregnancy care and reducing adverse 

outcomes. 

Objective: This study aimed to evaluate the dietary intake, micronutrient deficiencies, and anthropometric measurements of 

pregnant women and assess their association with pregnancy complications and neonatal outcomes. 

Methods: A hospital-based, cross-sectional study was conducted on 500 pregnant women. Maternal dietary intake was 

assessed using a 24-hour dietary recall and Food Frequency Questionnaire. Anthropometric measurements, including body 

mass index (BMI) and weight gain, were recorded. Blood samples were analyzed for hemoglobin, serum ferritin, folate, vitamin 

B12, calcium, vitamin D, and thyroid function. Pregnancy outcomes, neonatal birth weight, and perinatal complications were 

documented. Statistical analysis was performed using SPSS version 26.0, with a significance level of p<0.05. 

Results: Vitamin D deficiency was prevalent in 45.6% of participants, followed by anemia (38.2%), calcium deficiency 

(30.1%), iron deficiency (25.7%), and folic acid deficiency (18.3%). Nutrient intake assessment showed inadequate protein 

(55.4g vs. 75g recommended), iron (11.3mg vs. 27mg), and folic acid (340mcg vs. 600mcg). Preterm birth occurred in 12.8% 

of cases, low birth weight in 9.5%, macrosomia in 8.7%, and NICU admissions in 14.3%. Overweight and obesity before 

pregnancy were observed in 28.5% and 11.4% of women, respectively, contributing to increased gestational diabetes (11.6%) 

and hypertensive disorders (9.3%). 

Conclusion: The study highlights the significant burden of micronutrient deficiencies and inadequate dietary intake among 

pregnant women, reinforcing their association with adverse pregnancy and neonatal outcomes. Routine micronutrient 

screening, dietary counseling, and supplementation should be integrated into antenatal care to optimize maternal and fetal 

health. Strengthening public health policies on nutrition education and fortification programs is essential to prevent long-term 

health risks in future generations. 

Keywords: Anemia, fetal development, maternal nutrition, micronutrient deficiencies, neonatal outcomes, pregnancy 

complications, prenatal supplementation. 
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INTRODUCTION 

Maternal nutrition is a critical determinant of fetal growth, development, and long-term health outcomes. The physiological demands of 

pregnancy require adequate macronutrient and micronutrient intake to support the formation of fetal organs, metabolism, and overall 

development. Insufficient maternal nutrition has been linked to adverse pregnancy outcomes, including intrauterine growth restriction 

(IUGR), premature birth, and congenital abnormalities (1). Moreover, inadequate nutrition during gestation has been associated with an 

increased risk of non-communicable diseases (NCDs) such as obesity, diabetes, and cardiovascular disorders in adulthood, supporting 

the Developmental Origins of Health and Disease (DOHaD) hypothesis, which posits that prenatal conditions play a pivotal role in 

determining an individual’s future susceptibility to chronic illnesses (2). This highlights the necessity of proper maternal nutrition not 

only during pregnancy but throughout the early growth phases of a child’s life. Micronutrient deficiencies remain a widespread concern, 

particularly in low- and middle-income countries (LMICs), where nutritional access is often compromised. The World Health 

Organization (WHO) reports that approximately 40% of pregnant women globally experience anemia, primarily due to iron deficiency, 

which is essential for oxygen transport and fetal brain development (3). Insufficient iron intake during pregnancy has been linked to low 

birth weight and neurodevelopmental disorders (4). Similarly, folic acid plays a vital role in neural tube formation, and inadequate intake 

has been associated with neural tube defects (NTDs) such as spina bifida and anencephaly (5). The implementation of mandatory folic 

acid fortification programs in various regions has successfully reduced the prevalence of these congenital anomalies, underscoring the 

importance of dietary interventions in maternal health (6). Other essential nutrients such as iodine, calcium, vitamin D, and omega-3 

fatty acids are equally critical for fetal development. Iodine deficiency, affecting approximately 30% of pregnant women worldwide, is 

a leading cause of intellectual disability and impaired neurological development in offspring (7). WHO recommends antenatal iodine 

supplementation for pregnant women in deficient regions to support fetal brain development (8). Likewise, calcium and vitamin D 

deficiencies have been linked to poor bone mineralization, rickets, and an increased risk of hypertensive disorders such as preeclampsia 

(9). Furthermore, omega-3 fatty acids, particularly docosahexaenoic acid (DHA), contribute to fetal brain and retinal development, with 

higher maternal DHA intake being associated with improved cognitive outcomes in children (10). 

Beyond nutrient deficiencies, maternal overnutrition and excessive gestational weight gain pose significant risks to both maternal and 

fetal health. Overnutrition has been implicated in complications such as gestational diabetes, macrosomia, and childhood obesity, further 

reinforcing the concept of fetal programming, whereby maternal health directly influences long-term metabolic health in offspring (11). 

Studies, such as the Dutch Famine Birth Cohort Study, provide compelling evidence that maternal malnutrition—both undernutrition 

and overnutrition—can predispose offspring to metabolic disorders, insulin resistance, and cardiovascular diseases later in life (12). 

These findings align with the Barker hypothesis, which suggests that suboptimal intrauterine conditions lead to long-term health 

consequences (13). Despite the overwhelming evidence supporting the role of maternal nutrition in fetal development, challenges persist 

in ensuring adequate maternal nutrition globally. Socioeconomic barriers, cultural dietary practices, and limited access to prenatal care 

remain obstacles in many regions, exacerbating the consequences of maternal malnutrition (14). Public health initiatives, including food 

fortification programs, micronutrient supplementation, and dietary education, have been widely implemented; however, gaps remain in 

optimizing maternal nutrition for all populations (15). 

Given the profound implications of maternal nutrition on both immediate pregnancy outcomes and long-term offspring health, this study 

aims to explore the role of maternal nutrition in fetal development by examining dietary intake, common nutritional deficiencies, and 

strategies to address these deficiencies during pregnancy. By reviewing current literature and evidence-based interventions, this research 

seeks to emphasize the urgent need for comprehensive maternal nutrition policies and programs that can enhance maternal and fetal 

health outcomes worldwide. 

METHODS 

This hospital-based prospective observational study was conducted to evaluate the impact of maternal nutrient intake on fetal growth, 

perinatal, and neonatal outcomes. The primary objective was to quantify dietary consumption among pregnant women, identify 

micronutrient deficiencies, and analyze the relationship between maternal nutritional status, fetal size, birth weight, and maternal health 

parameters. The study was carried out in the Obstetrics and Gynecology Department of a tertiary care hospital over a one-year period 
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from January 2023 to December 2023. Ethical approval was granted by the Institutional Review Board (IRB), and all participants 

provided written informed consent before inclusion in the study. The study population comprised pregnant women attending antenatal 

clinics at the hospital. Inclusion criteria included women aged 18 to 40 years who were in their first or second trimester (≤28 weeks of 

gestation), willing to disclose dietary details, and able to undergo nutritional testing. Exclusion criteria involved pre-existing metabolic 

disorders known to significantly impact pregnancy outcomes, such as diabetes mellitus, chronic hypertension, thyroid disorders, and 

kidney disease. Initially, anemia requiring blood transfusion was included as an exclusion criterion; however, recognizing the high 

prevalence of anemia in pregnancy, a revised approach was adopted. Women with mild-to-moderate anemia were included in the study, 

while only those requiring blood transfusion due to severe anemia were excluded to maintain generalizability without introducing 

potential bias in the findings. The sample size was determined to be 500 pregnant women based on hospital records of annual antenatal 

visits and previous research on maternal nutrition. Participants were randomly selected from both outpatient and inpatient antenatal care 

units to ensure a representative cohort. 

Data collection was conducted through structured interviews, dietary assessments, anthropometric measurements, biochemical 

evaluations, and fetal monitoring. Trained healthcare personnel, including obstetricians, dietitians, and nursing staff, collected data using 

standardized questionnaires and reviewed medical records. Maternal dietary intake was assessed using a 24-hour dietary recall and a 

Food Frequency Questionnaire (FFQ), enabling a comprehensive evaluation of food and beverage consumption, portion sizes, and 

preparation methods (6,9). Macronutrient intake (proteins, carbohydrates, and fats) and micronutrient intake (iron, folic acid, iodine, 

calcium, vitamin D, and omega-3 fatty acids) were analyzed, and dietary diversity scores were used as a measure of overall nutritional 

adequacy. Anthropometric measurements, including weight, height, and mid-upper arm circumference (MUAC), were recorded at 

baseline and monitored throughout pregnancy. Gestational weight gain was evaluated against standard recommendations. Fetal 

biometric parameters, including biparietal diameter, femur length, and estimated fetal weight, were obtained via ultrasound in the second 

and third trimesters to assess fetal growth patterns (10). 

Biochemical analyses were performed on fasting blood samples to evaluate key nutritional biomarkers. Hemoglobin levels were 

measured using a complete blood count to detect anemia. Serum ferritin and transferrin saturation were analyzed to assess maternal iron 

status. Serum folate and vitamin B12 levels were measured to identify deficiencies associated with neural tube defects. Thyroid function 

was assessed using thyroid-stimulating hormone (TSH) and free thyroxine (FT4) to determine iodine sufficiency and potential thyroid 

dysfunction. Blood calcium and vitamin D levels were examined to evaluate maternal bone health and fetal skeletal development. Plasma 

omega-3 fatty acid concentrations were analyzed to assess their role in fetal neurodevelopment. Pregnancy and neonatal outcomes were 

systematically recorded, including gestational weight gain, gestational age at delivery, mode of delivery (vaginal or cesarean), and 

pregnancy complications such as gestational diabetes mellitus (GDM), preeclampsia, and intrauterine growth restriction (IUGR). 

Neonatal outcomes included birth weight, Apgar scores at 1 and 5 minutes, neonatal intensive care unit (NICU) admissions, and 

congenital anomalies (13). 

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 26.0. Descriptive statistics were used 

to summarize maternal dietary patterns, anthropometric data, and biochemical parameters. Pearson correlation coefficients were 

computed to establish associations between maternal micronutrient levels and fetal growth indices. Chi-square tests and binary logistic 

regression models were applied to analyze relationships between maternal nutrition and pregnancy outcomes. A p-value of <0.05 was 

considered statistically significant. The study adhered to ethical standards outlined in the World Medical Association’s Declaration of 

Helsinki. Institutional Ethics Committee (IEC) approval was obtained, and clearance was granted by the University Research Ethics 

Committee. Informed consent was obtained from all participants, and strict confidentiality measures were implemented to ensure data 

protection. Participants were informed that their data would be used solely for research purposes, and no personally identifiable 

information was disclosed. 

RESULTS 

The study included 500 pregnant women with a mean maternal age of 27.5 years (SD ±4), ranging from 18 to 40 years. Among them, 

59.7% were multigravida, while 40.3% were primigravida. Educational attainment revealed that 35.6% of the participants had less than 

a high school education, whereas 64.4% had completed high school or higher. Employment status indicated that 28.1% were employed, 

while 71.9% were unemployed, suggesting potential financial constraints that may influence dietary choices and nutritional status. 

Maternal anthropometric assessment showed a mean body mass index (BMI) of 24.6 kg/m². The BMI distribution classified 12.3% of 

participants as underweight, 47.8% as normal weight, 28.5% as overweight, and 11.4% as obese. The relatively high prevalence of 
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overweight and obesity suggested increased risks for gestational complications, including gestational diabetes, hypertensive disorders, 

and fetal macrosomia. Conversely, 12.3% of women were underweight, raising concerns about undernutrition-related outcomes such as 

intrauterine growth restriction (IUGR) and preterm birth. 

Micronutrient deficiency analysis revealed a significant burden of nutrient inadequacy among participants. Vitamin D deficiency was 

the most prevalent, affecting 45.6% of women, followed by anemia at 38.2%. Calcium deficiency was noted in 30.1%, iron deficiency 

in 25.7%, iodine deficiency in 22.4%, folic acid deficiency in 18.3%, and omega-3 fatty acid deficiency in 19.8%. These findings 

highlighted potential risks to fetal development, particularly concerning bone mineralization, oxygen transport, and neurodevelopment. 

The prevalence of anemia and iron deficiency reinforced the necessity of iron supplementation, as inadequate levels are linked to low 

birth weight and impaired cognitive development in neonates. Maternal dietary intake assessment compared to recommended levels 

indicated suboptimal nutrient consumption. Protein intake averaged 55.4g per day, significantly lower than the recommended 75g. Iron 

intake was 11.3 mg versus the recommended 27 mg, folic acid intake was 340 mcg compared to the recommended 600 mcg, and vitamin 

D intake was 400 IU instead of the suggested 600 IU. Omega-3 fatty acid intake was also inadequate, averaging 0.8g per day against 

the recommended 1.4g. These dietary insufficiencies suggested poor dietary diversity and inadequate prenatal supplementation, 

potentially contributing to maternal and neonatal health complications. 

Table 1: Maternal Demographic and Anthropometric Characteristics 

Variable Value 

Mean Age (years) 27.5 Â ± 4.0 

Age Range (years) 18- 40 

Primigravida 40.30% 

Multigravida 59.70% 

Education Level (Below High School) 35.60% 

Education Level (High School & Above) 64.40% 

Employed 28.10% 

Unemployed 71.90% 

Mean BMI (kg/mÂ²) 24.6 Â ± 3.2 

Underweight 12.30% 

Normal Weight 47.80% 

Overweight 28.50% 

Obese 11.40% 

Figure 1 Prevalence of Micronutrient Deficiencies Among Pregnant Women Figure 2 BMI Categories of Pregnant Women 
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Table 2: Maternal Micronutrient Deficiencies and Dietary Intake 

Variable Value 

Anemia 38.20% 

Iron Deficiency 25.70% 

Folic Acid Deficiency 18.30% 

Iodine Deficiency 22.40% 

Calcium Deficiency 30.10% 

Vitamin D Deficiency 45.60% 

Omega-3 Deficiency 19.80% 

Protein Intake (g) 55.4 Â ± 6.2 / 75 

Carbohydrates Intake (g) 240.6 Â ± 12.5 / 250 

Fats Intake (g) 75.2 Â ± 8.1 / 80 

Iron Intake (mg) 11.3 Â ± 2.4 / 27 

Calcium Intake (mg) 800 Â ± 90 / 1000 

Folic Acid Intake (mcg) 340 Â ± 40 / 600 

Vitamin D Intake (IU) 400 Â ± 55 / 600 

Omega-3 Fatty Acids Intake (g) 0.8 Â ± 0.2 / 1.4 

 

Pregnancy outcomes showed a mean gestational age at delivery of 38.2 weeks, with 12.8% of births classified as preterm. Low birth 

weight (<2.5 kg) was observed in 9.5% of neonates, while macrosomia (>4 kg) was noted in 8.7%. Delivery mode distribution indicated 

that 41.3% of births occurred via cesarean section, whereas 58.7% were normal vaginal deliveries. The higher rate of cesarean deliveries 

correlated with maternal complications and fetal growth deviations associated with maternal malnutrition. Neonatal health indicators 

demonstrated a mean birth weight of 3.1 kg, with 9.5% of neonates classified as low birth weight. The mean Apgar scores at one and 

five minutes were 7.8 and 8.9, respectively, indicating generally favorable neonatal conditions. However, 14.3% of neonates required 

NICU admission, primarily due to preterm birth complications (12.6%), neonatal jaundice (12.6%), and congenital anomalies (3.2%). 

These findings underscored the role of maternal nutrition in determining neonatal health outcomes. 

A significant association was observed between maternal micronutrient deficiencies and adverse pregnancy outcomes. Among women 

with iron deficiency, 18.5% had preterm births, 16.2% had neonates with low birth weight, and 9.8% of neonates required NICU 

admission. Vitamin D deficiency was linked to 19.4% of preterm births, 12.6% of low-birth-weight cases, and 11.3% of NICU 

admissions. Other deficiencies, including folic acid, iodine, and calcium, also demonstrated notable associations with poor fetal 

outcomes, reinforcing the importance of adequate maternal micronutrient intake. Maternal complications during pregnancy included 

gestational diabetes mellitus (11.6%), preeclampsia (8.2%), gestational hypertension (9.3%), preterm labor (12.5%), placental abruption 

(4.7%), and intrauterine growth restriction (7.9%). These complications were observed in higher proportions among women with 

micronutrient deficiencies, particularly those with inadequate iron, calcium, and vitamin D levels. 

 

Table 3: Association Between Maternal Micronutrient Deficiencies and Adverse Pregnancy Outcomes 

Deficiency Preterm Births (%) Low Birth Weight (%) NICU Admissions (%) 

Iron Deficiency 18.5 16.2 9.8 

Folic Acid Deficiency 12.3 10.8 7.4 

Iodine Deficiency 14.7 9.7 6.5 

Calcium Deficiency 11.2 8.4 5.9 

Vitamin D Deficiency 19.4 12.6 11.3 
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Table 4: Maternal Complications Observed During Pregnancy 

Complication Prevalence (%) 

Gestational Diabetes Mellitus (GDM) 11.6 

Preeclampsia 8.2 

Gestational Hypertension 9.3 

Preterm Labor 12.5 

Placental Abruption 4.7 

Intrauterine Growth Restriction (IUGR) 7.9 

 

The high prevalence of micronutrient deficiencies, combined with suboptimal dietary intake and associated adverse pregnancy and 

neonatal outcomes, emphasized the need for improved maternal nutrition strategies. The findings supported the necessity of prenatal 

supplementation, dietary counseling, and routine biochemical screening to optimize maternal and fetal health. Further research is 

warranted to explore the long-term impacts of maternal nutrition on offspring health and to refine dietary interventions that can enhance 

pregnancy outcomes.  

DISCUSSION 

The findings of this study reinforce the critical role of maternal nutrition in influencing fetal development, birth outcomes, and neonatal 

health. Micronutrient deficiencies, particularly in vitamin D, iron, and calcium, emerged as significant contributors to pregnancy 

complications such as gestational diabetes mellitus, preeclampsia, preterm birth, and intrauterine growth restriction. These results align 

with existing research that has established prenatal micronutrient deficiencies as risk factors for adverse maternal and fetal health 

outcomes. The prevalence of iron deficiency and anemia observed in this study further corroborates global reports indicating that anemia 

remains a major cause of maternal and perinatal morbidity. The high rate of vitamin D deficiency raises further concerns, as inadequate 

levels have been associated with impaired calcium metabolism, fetal bone development, and heightened susceptibility to pregnancy-

related hypertensive disorders. The observed dietary intake patterns revealed a widespread inadequacy in meeting the recommended 

nutritional requirements during pregnancy (16). Protein intake was notably lower than the recommended daily allowance, which is 

concerning given its essential role in fetal growth and organogenesis. Suboptimal intake of iron, folic acid, vitamin D, and omega-3 fatty 

acids was also evident, suggesting a lack of dietary diversity and insufficient prenatal supplementation. These inadequacies are consistent 

with prior findings that highlight the importance of balanced maternal nutrition in mitigating risks associated with fetal growth 

restriction, low birth weight, and preterm birth. The persistence of folic acid deficiency despite global fortification programs underscores 

the need for enhanced public health strategies to improve adherence to prenatal supplementation, particularly in populations with limited 

dietary variety (17). 

Maternal anthropometric assessments indicated a notable proportion of participants classified as overweight or obese at the time of 

antenatal registration. Excessive gestational weight gain has been linked to complications such as macrosomia, gestational diabetes, and 

hypertensive disorders, which were also evident in this study. Maternal obesity has further been implicated in adverse neonatal outcomes, 
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including an increased risk of childhood obesity and metabolic dysfunction in later life. Conversely, the presence of underweight 

participants raises concerns regarding maternal undernutrition, which is known to contribute to intrauterine growth restriction and 

preterm births. These findings emphasize the need for targeted nutritional interventions that promote optimal gestational weight gain 

while preventing both undernutrition and overnutrition (18). The study findings substantiate the Developmental Origins of Health and 

Disease (DOHaD) hypothesis, which suggests that intrauterine nutritional exposures have long-term consequences on offspring health. 

Maternal malnutrition, whether in the form of deficiencies or excesses, has been associated with an increased risk of metabolic disorders 

such as type 2 diabetes, hypertension, and cardiovascular diseases in adulthood (19). Previous research on populations exposed to famine 

conditions during gestation has provided compelling evidence linking prenatal nutritional deprivation to an elevated risk of chronic 

diseases later in life. Similarly, maternal overnutrition has been implicated in epigenetic modifications that predispose offspring to 

obesity and metabolic dysfunction. The current study reinforces the concept that optimizing maternal nutrition during pregnancy is a 

critical strategy in reducing the intergenerational transmission of chronic disease risk (20). 

Despite the strengths of this study, certain limitations must be acknowledged. The study was conducted in a single hospital setting, 

which may limit the generalizability of findings to broader populations. The cross-sectional nature of the study also restricts the ability 

to assess longitudinal changes in maternal nutrition and fetal development throughout pregnancy. A more comprehensive approach 

involving multicenter studies and follow-up assessments would provide a deeper understanding of the long-term implications of maternal 

nutrition on child health. Future research should also incorporate biochemical assessments of additional micronutrients, such as vitamin 

B12 and zinc, which play crucial roles in fetal development but were not extensively evaluated in this study. The study highlights the 

need for improved nutritional counseling and supplementation strategies as integral components of antenatal care. Routine screening for 

micronutrient deficiencies, coupled with tailored dietary interventions, could significantly reduce the burden of pregnancy complications 

and enhance neonatal health outcomes. Integrating maternal nutrition education into healthcare programs may also improve dietary 

choices and supplementation adherence, particularly in populations with low socioeconomic status. Further research exploring the 

epigenetic mechanisms underlying fetal programming and the long-term metabolic effects of maternal nutrition would be valuable in 

refining prenatal care practices. Strengthening public health policies on food fortification and maternal supplementation programs 

remains a critical step toward improving pregnancy outcomes on a global scale. 

CONCLUSION 

This study underscores the critical role of maternal nutrition in shaping pregnancy outcomes and fetal health. The high prevalence of 

micronutrient deficiencies, inadequate dietary intake, and the growing burden of maternal overweight and obesity highlight the urgent 

need for comprehensive nutritional interventions during pregnancy. Ensuring optimal maternal health requires a multifaceted approach 

that includes routine micronutrient screening, dietary counseling, and targeted supplementation to address deficiencies. Strengthening 

food fortification programs, increasing awareness among pregnant women, and addressing socioeconomic barriers to proper nutrition 

should be key priorities in maternal health policies. By integrating these strategies into antenatal care, healthcare systems can 

significantly improve maternal well-being, fetal development, and long-term health outcomes for future generations. 
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