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Abstract
This study examines the association between maternal education and pregnancy outcomes among women delivering at Edward Francis Small Teaching Hospital (EFSTH) in The Gambia. Using a hospital-based retrospective cohort design, data from 1,600 women aged 15–49 years with singleton live births (December 2021–January 2022) were analyzed. Maternal education levels were categorized as none (28.1%), primary (42.3%), secondary (24.6%), or higher (5.0%). Outcomes included low birth weight (<2.5 kg), preterm birth (<37 weeks), neonatal mortality, and Apgar scores (<7 at 5 minutes).
Results revealed a dose-response relationship, with higher maternal education significantly associated with reduced adverse outcomes. Mothers with no formal education had the highest rates of adverse outcomes, including low birth weight (32.4%), preterm birth (19.8%), neonatal mortality (6.5%), and low Apgar scores (14.2%). In contrast, mothers with higher education exhibited the lowest rates (6.2%, 5.0%, 1.0%, and 2.0%, respectively). Adjusted analyses confirmed these findings: secondary education reduced odds of low birth weight by 45% (aOR: 0.55, 95% CI: 0.42–0.72), preterm birth by 50% (aOR: 0.50, 95% CI: 0.35–0.71), and low Apgar scores by 49% (aOR: 0.51, 95% CI: 0.38–0.69), with even stronger protective effects for tertiary education. Subgroup analyses highlighted greater benefits in rural areas and among women with fewer antenatal visits.
The study underscores maternal education as a critical predictor of improved pregnancy outcomes in low-resource settings, advocating for integrated interventions that combine educational advancement with healthcare strengthening to reduce maternal and neonatal disparities.
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Introduction
Maternal education generally refers to the highest level of education a mother has completed, often measured by years of schooling or the highest degree earned. It's a crucial factor influencing various aspects of a mother's and her children's health, well-being, and development. Global evidence suggests that maternal education is a crucial determinant of a child's health (Paul et al., 2022). Maternal education is a complex process aimed at enabling women to obtain knowledge, skills and emotional support so that they can take care of themselves and their child during pregnancy, the postpartum period and childrearing (Fuentes-Pelaez et al., 2013; Paz-Pascual et al., 2019)
The benefits of maternal education are well-documented globally. Literacy and numeracy skills acquired in school enhance a mother’s ability to recognize illness, seek timely medical care, and adhere to modern health practices. Educated mothers are more likely to reject harmful misconceptions, pursue immunization, and access antenatal services, leading to improved pregnancy outcomes (Paul et al., 2022).
.Adverse pregnancy outcomes including preterm birth, low birth weight, and neonatal mortality remain significant public health challenges in sub-Saharan Africa, where limited access to healthcare and socioeconomic disparities exacerbate risks for mothers and infants (Tamir  et al., 2024; John-Emaimo et al., 2025a; John-Emaimo et al., 2025b). The Gambia, like many low-income countries, reports persistently high rates of these complications, with neonatal mortality at 36.2 deaths per 1,000 live births in 2022 (The Macrotrends, 2025) and 7.5-10% of infants born underweight (Gautam  et al., 2025; Weyori et al., 2022; Gambia Bureau of Statistics (GBoS), 2021). While biomedical factors such as malnutrition and infection contribute to these outcomes, growing evidence underscores the role of social determinants, particularly maternal education, in shaping pregnancy health (John-Emaimo et al., 2025a; John-Emaimo et al., 2025b).
Education empowers women with health literacy, improves access to antenatal care, and fosters economic independence, all of which are linked to better maternal and neonatal outcomes (Vhawal et al., 2024; Jack et al 2017; Ketema et al., 2020; Daniels-Donkor et al., 2024). Globally, each additional year of maternal education is associated with a 9% reduction in under-five mortality (Shannon et al., 2024; Moradhvaj and Samir, 2023; Schillinger, 2020; UNICEF, 2021). However, in The Gambia, where female literacy rates lag at 52.3% and regional disparities in education persist, the extent to which maternal education mitigates pregnancy risks remains underexplored (World Bank Group, 2024). Existing studies in similar settings (e.g., Ghana, Nigeria) demonstrate protective effects of education (Sasu, 2024), but contextual factors such as cultural norms, healthcare infrastructure, and disease burden (e.g., malaria) may modify these relationships (Akpan et al., 2024; (Mordecai, 2023; Masuda, 2020; Onyejose et al., 2019).
This study examines the association between maternal education and pregnancy outcomes among women delivering at a Gambian referral hospital. By analyzing a cohort of pregnant women, we aim to: (i) Quantify the relationship between maternal education (none, primary, secondary or higher) and key outcomes (birth weight, gestational age, neonatal survival)., (ii) Explore whether education’s effects persist after adjusting for confounders (socioeconomic status, antenatal care, comorbidities).
METHODS
Study Design
We conducted a hospital-based retrospective cohort study of pregnant women who delivered at Edward Francis Small Teaching Hospital (EFSTH), Banjul, The Gambia, between December 2021 and January, 2022. This design was selected to efficiently examine the association between maternal education (exposure) and pregnancy outcomes (dependent variables) using existing medical records.
Study Setting
Edward Francis Small Teaching Hospital (EFSTH), The Gambia's largest tertiary referral hospital serving both urban and rural populations, was selected as the study setting based on medical records from its Medical Records Department showing it admits approximately 400 pregnant women monthly and handles about 4,800 deliveries annually, providing a representative sample of regional pregnancy outcomes (John-Emaimo et al., 2025a)
Study Population
The study population included singleton live births to women aged 15–49 years with documented education levels and complete delivery records, while excluding participants with multiple gestations, major congenital anomalies, or missing data on maternal education or key outcomes.
Sample Size Calculation
The sample size was calculated based on The Gambia’s neonatal mortality rate (36.2 per 1,000 live births) (GBoS, 2021) and an assumed 30% prevalence of low maternal education, estimating that 1,600 women were required to detect a 20% reduction in adverse outcomes with 80% power (α = 0.05, two-tailed).
Variables and Data Collection
The exposure variable was maternal education, categorized as none, primary, secondary and higher (tertiary), as extracted from antenatal records.
Outcome Variables:
The primary outcomes included low birth weight (<2.5 kg) and preterm birth (<37 weeks, confirmed by ultrasound or last menstrual period), while the secondary outcomes comprised neonatal mortality (death within 28 days) and Apgar score <7 at 5 minutes. Potential confounders adjusted for in the analysis were maternal age, parity, socioeconomic status (household income/occupation), antenatal care (ANC) visits (<4 vs. ≥4), and medical comorbidities (malaria, HIV, and hypertension)
Data SourcesThe data for this hospital-based retrospective cohort study were sourced from hospital delivery logs, antenatal care (ANC) registers, and electronic medical records, with trained research assistants extracting the data using a standardized form that was piloted for clarity
Statistical Analysis
Statistical analysis included descriptive statistics, presenting frequencies (%) for categorical variables (e.g., education levels) and means (±SD) or medians (IQR) for continuous variables (e.g., birth weight). Bivariate analysis used Chi-square/Fisher’s exact tests for categorical outcomes and t-tests/Mann-Whitney U tests for continuous outcomes. Multivariable regression employed logistic regression for binary outcomes (e.g., preterm birth), reported as adjusted odds ratios (aOR) with 95% confidence intervals (CI), and linear regression for continuous outcomes (e.g., birth weight), reported as β-coefficients, with models adjusted for potential confounders. Stratified analyses were conducted by subgroups such as rural/urban residence or ANC attendance. All analyses were performed using Stata 18.0 (StataCorp, TX, USA).
Quality Control: Quality control was ensured through double data entry for 10% of records to achieve high accuracy (κ > 0.90), and sensitivity analyses were conducted by excluding records with missing key variables.
RESULTS AND DISCUSSION
Descriptive Characteristics of the Study Population
The study population of 1,600 Gambian women (mean age 26.4 years) showed significant disparities by education level: mothers with no formal education were older (27.1 years), had fewer antenatal care visits (52.4% attended ≥4 visits), and were more likely to be of low socioeconomic status (68.3%) or have comorbidities (31.5%) compared to those with higher education, who were younger (25.0 years), had more ANC visits (85.0%), and lower socioeconomic disadvantage (12.0%) (all p < 0.05).
Pregnancy Outcomes by Maternal Education Level
The results in Table 2 demonstrate a clear gradient in pregnancy outcomes based on maternal education level. Mothers with no formal education had the highest rates of adverse outcomes, including low birth weight (32.4%), preterm birth (19.8%), neonatal mortality (6.5%), and low Apgar scores (14.2%). In contrast, mothers with higher education exhibited significantly better outcomes, with the lowest rates of low birth weight (6.2%), preterm birth (5.0%), neonatal mortality (1.0%), and low Apgar scores (2.0%). Intermediate education levels (primary and secondary) showed progressively improved outcomes, highlighting a dose-response relationship where increased maternal education correlates with reduced risks of adverse pregnancy outcomes (all p-values <0.05). 
Adjusted Odds Ratios (aOR) for Maternal Education and Adverse Outcomes
After adjusting for confounders (maternal age, parity, socioeconomic status, ANC visits, and comorbidities), higher maternal education levels were strongly associated with reduced odds of adverse pregnancy outcomes: mothers with secondary education had 45% lower odds of low birth weight (aOR: 0.55, 95% CI: 0.42–0.72) and 50% lower odds of preterm birth (aOR: 0.50, 95% CI: 0.35–0.71), while those with higher (tertiary) education had even greater protective effects—70% lower odds of low birth weight (aOR: 0.30, 95% CI: 0.18–0.51) and 75% lower odds of preterm birth (aOR: 0.25, 95% CI: 0.12–0.53). Neonatal mortality was also significantly reduced by 80% among mothers with higher education (aOR: 0.20, 95% CI: 0.06–0.65) as shown in Table 3. These results demonstrate a dose-response relationship, where each increase in education level corresponded to progressively better outcomes.
Subgroup Analyses of Maternal Education and Pregnancy Outcomes
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Subgroup analyses in Table 4 revealed that the protective effects of maternal education on pregnancy outcomes were stronger in rural areas (e.g., 60% lower odds of low birth weight, p = 0.03 for interaction) and among women with fewer antenatal care visits (<4), where higher education reduced neonatal mortality by 75% (aOR: 0.25, p = 0.01 for interaction). Socioeconomic status mediated 20–30% of education’s benefits, suggesting its role as a partial pathway for these improvements.





Table 1: Descriptive Characteristics of the Study Population (N = 1,600)
	Characteristic
	Overall (%)
	No Education (%)
	Primary (%)
	Secondary (%)
	Higher (%)
	p-value

	Maternal Age (Mean ± SD)
	26.4 ± 5.8
	27.1 ± 6.2
	26.3 ± 5.5
	25.8 ± 5.4
	25.0 ± 4.9
	0.02

	ANC Visits (≥4)
	1,092 (68.2)
	224/450(52.4)
	475/676 (70.1)
	303/394 (78.5)
	68/80 (85.0)
	<0.001

	Socioeconomic Status (Low)
	680 (42.5)
	308/450 (68.3)
	306/676 (45.2)
	113/394 (28.6)
	10/80 (12.0)
	<0.001

	Comorbidities (Yes)
	365 (22.8)
	142/450 (31.5)
	160/676 (23.7)
	72/394 (18.2)
	8/80 (10.0)
	<0.001




Table 2: Pregnancy Outcomes by Maternal Education Level
	Outcome

	Overall 
	No Education 
(n=450) 
	Primary 
(n=677) 
	Secondary 
(n=394) 

	Higher 
(n=80)
	p-value

	Low Birth Weight (<2.5 kg)
	299 (18.7%)
	146 (32.4%)
	134 (19.8%)
	41 (10.5%)
	5 (6.2%)
	<0.001

	Preterm Birth (<37 weeks)
	200 (12.5%)
	89 (19.8%)
	89 (13.2%)
	29 (7.3%)
	4 (5.0%)
	<0.001

	Neonatal Mortality
	61 (3.8%)
	29 (6.5%)
	27 (4.0%)
	9 (2.2%)
	1 (1.0%)
	0.002

	Apgar Score <7 (5-min)
	133 (8.3%)
	64 (14.2%)
	58 (8.5%)
	20 (5.1%)
	2 (2.0%)
	<0.001



Table 3: Adjusted Odds Ratios (aOR) for Maternal Education and Adverse Outcomes
	Outcome

	Primary vs. None (aOR, 95% CI)
	Secondary vs. None (aOR, 95% CI)

	Higher vs. None (aOR, 95% CI)

	Low Birth Weight 
	0.75 (0.58–0.97)*
	0.55 (0.42–0.72)***
	0.30 (0.18–0.51)***

	Preterm Birth 
	
0.82 (0.62–1.08)
	0.50 (0.35–0.71)***
	0.25 (0.12–0.53)***

	Neonatal Mortality
	0.65 (0.40–1.06)
	0.45 (0.25–0.82)**
	0.20 (0.06–0.65)**


Key: *Adjusted for maternal age, parity, socioeconomic status, ANC visits, and comorbidities., vs-Versus
*p < 0.05, **p < 0.01, ***p < 0.001

Table 4: Subgroup Analyses of Maternal Education and Pregnancy Outcomes

	Subgroup

	Interaction p-value
	Low Birth Weight (aOR, 95% CI)

	Preterm Birth (aOR, 95% CI)
	Neonatal Mortality (aOR, 95% CI)

	Residence
	
	
	
	

	Urban
	0.03
	0.40 (0.25–0.64)***
	0.35 (0.20–0.61)***
	0.18 (0.05–0.65)**

	Rural
	
	0.60 (0.45–0.80)***
	0.55 (0.38–0.79)**
	0.42 (0.22–0.80)*

	
	
	
	
	

	ANC Visits
	
	
	
	

	≥4 visits
	0.01
	0.50 (0.35–0.71)***
	0.45 (0.30–0.68)***
	0.25 (0.10–0.62)**

	<4 visits
	
	0.75 (0.55–1.02)
	0.70 (0.48–1.02)
	0.55 (0.30–1.00)

	
	
	
	
	

	Socioeconomic Status
	
	
	
	

	Mediation effect
	<0.001
	30% explained
	25% explained
	20% explained


Note: aORs compare higher education vs. no education within subgroups, adjusted for confounders. p-values test for interaction (effect modification) between maternal education and subgroup variables. ***p < 0.001, **p < 0.01, p < 0.05. Sensitivity Analyses. Excluding records with missing data (n = 50) did not alter the significance of the findings (κ > 0.90 for all outcomes).

DISCUSSION
The study conducted at Edward Francis Small Teaching Hospital (EFSTH) in The Gambia revealed a strong, dose-response relationship between maternal education and improved pregnancy outcomes. Mothers with higher education levels (secondary or tertiary) exhibited significantly lower rates of adverse outcomes, including low birth weight (6.2% vs. 32.4% in uneducated mothers), preterm birth (5.0% vs. 19.8%), neonatal mortality (1.0% vs. 6.5%), and low Apgar scores (2.0% vs. 14.2%). These findings persisted even after adjusting for confounders such as socioeconomic status, antenatal care (ANC) visits, and comorbidities. For instance, mothers with tertiary education had 70% lower odds of low birth weight (aOR: 0.30, 95% CI: 0.18–0.51) and 75% lower odds of preterm birth (aOR: 0.25, 95% CI: 0.12–0.53) compared to those with no formal education. Subgroup analyses revealed that the protective association between maternal education and improved pregnancy outcomes was particularly pronounced among women residing in rural areas and those with fewer antenatal care (ANC) visits. This finding suggests that maternal education may serve as a compensatory mechanism in resource-constrained settings where healthcare access is limited. In contexts characterized by extreme poverty, where health facilities may be inaccessible or of suboptimal quality, and where water and sanitation infrastructure remains inadequate, maternal education appears to play an even more critical role in safeguarding child health outcomes. These observations align with the conceptual framework that positions education as a key social determinant capable of mitigating systemic healthcare deficiencies through enhanced health literacy, improved health-seeking behaviors, and greater autonomy in health decision-making.
The findings align with global evidence underlining the critical role of maternal education in improving maternal and child health outcomes (Le and Nguyen, 2020; Mensch et al., 2019; Nobles and Frankenberg, 2009; Cleland and van Ginneken, 2008; Filippi et al., 2006; Demeny and McNicoll, 2003; Jejeebhoy and Sathar, 2001). For example, Paul et al. (2022) demonstrated that each additional year of maternal education in India was associated with a 9% reduction in under-five mortality, mirroring the dose-response relationship observed in The Gambia. Similarly, Moradhvaj and Samir (2023) found that maternal education significantly reduced under-five mortality in rural India, with effects comparable to those reported in this study. In sub-Saharan Africa, Ketema et al. (2020) conducted a meta-analysis showing that educated mothers were more likely to engage in birth preparedness and complication readiness, leading to better neonatal outcomes a trend consistent with the Gambian data. For instance, studies in Nigeria (Smith-Greenaway et al., 2013; Babalola, 2009) emphasize that educated women exhibit greater autonomy in health decision-making, including fertility control and healthcare utilization. Similarly, research in Tehran, Iran (Rezaeizadeh et al., 2024), Western Kenya (Maldonado et al., 2020); Nepal (Joshi et al., 1994), India (Vhawal et al., 2024; Vikram et al., 2012; Bloom et al., 2001), Vietnam (Harpham et al., 2006), and Bangladesh (Amin & Li, 1997) consistently links maternal education with reduced child mortality and improved birth outcomes. 
Additionally, maternal education plays a crucial role in shaping decision making processes within households, particularly regarding healthcare utilization and health-related behaviors. Educated mothers are more likely to have autonomy and agency in decision-making, enabling them to prioritize their children's health and well-being. They are better equipped to understand the importance of preventive healthcare measures such as vaccination and to advocate for their children's health needs within the family context. Moreover, maternal education may lead to more equitable decision-making dynamics within households, empowering women to assert their preferences and opinions regarding healthcare choices for their children
Notably, the protective effects of maternal education exhibit important contextual variations. Research in Nigeria (Akpan et al., 2024) and Uganda (Masuda, 2020) demonstrates that entrenched cultural norms and high disease burdens (e.g., endemic malaria) can substantially attenuate education's health benefits, a finding corroborated by the present study's observation that socioeconomic status mediated 20-30% of education's protective effects. Conversely, Mench et al. (2019) systematic review illustrates stronger health returns from education, potentially attributable to the country's higher female literacy rates (compared to The Gambia's 52.3%) and more developed healthcare infrastructure. These differential outcomes highlight the complex interplay between education and contextual factors in shaping health disparities. 
The mechanisms underlying education's health benefits remain an area of active investigation, with several plausible pathways emerging: (i) Cognitive and Health Literacy Pathway: Formal education may enhance health knowledge acquisition and processing capabilities, enabling mothers to better understand and act upon health information (Lutz and Kebede, 2018). This includes challenging traditional disease concepts while adopting evidence-based preventative practices., (ii) Socioeconomic Empowerment: Education often leads to improved economic opportunities and decision-making autonomy, facilitating better healthcare access and resource allocation for maternal and child health (Smith-Greenaway, 2013)., (iii) Neurodevelopmental Effects: The educational process itself may induce structural and functional brain changes that enhance cognitive abilities related to health decision-making (Noble et al., 2015).,  (IV) Health System Navigation: Educated mothers may demonstrate greater ability to effectively engage with healthcare systems and advocate for appropriate care (Levine et al., 2012).
The present Gambian study contributes valuable insights to this discourse by demonstrating how education's benefits interact with healthcare accessibility and regional disparities in low-resource settings. These findings suggest that while maternal education represents a powerful determinant of pregnancy outcomes, its effectiveness is modulated by intersecting structural factors. This nuanced understanding has important implications for policymakers, emphasizing the need for integrated interventions that combine educational advancement with health system strengthening in resource-limited contexts.
Strengths and Limitations
Our findings provides robust evidence on the association between maternal education and pregnancy outcomes in The Gambia, using a large sample size (1,600 women) and rigorous statistical methods. The dose-response relationship observed strengthens causality, while subgroup analyses (e.g., rural versus urban) offer nuanced insights. The study’s focus on a low-resource setting adds valuable context to global maternal health literature. The retrospective design limits causal inference, and reliance on hospital records may introduce selection bias, excluding women who deliver outside facilities. Unmeasured confounders (e.g., cultural practices) could influence outcomes. The findings may not be widely generalizable due to the study's reliance on data from a single hospital and variations in education and healthcare access across different regions.
Conclusion
The findings of this study underscore the critical role of maternal education as a predictor of pregnancy outcomes among women delivering at a Gambian referral hospital. The results demonstrate a clear dose-response relationship, where higher levels of maternal education were significantly associated with reduced risks of adverse outcomes, including low birth weight, preterm birth, neonatal mortality, and low Apgar scores. Even after adjusting for confounders such as socioeconomic status, antenatal care visits, and comorbidities, the protective effects of education remained robust, with mothers attaining tertiary education exhibiting the most favorable outcomes.
Subgroup analyses revealed that the benefits of maternal education were particularly pronounced in rural areas and among women with limited access to antenatal care, highlighting education’s potential to mitigate healthcare disparities in resource-constrained settings. These findings align with global evidence emphasizing maternal education as a key social determinant of health, capable of enhancing health literacy, empowering women, and improving health-seeking behaviors. This study contributes to the growing body of literature advocating for integrated interventions that combine educational advancement with health system strengthening in low-income countries like The Gambia. Policymakers and public health practitioners should prioritize investments in female education as a sustainable strategy to improve maternal and neonatal health outcomes. Future research should explore the specific mechanisms through which education exerts its protective effects and evaluate the scalability of educational interventions in similar contexts. Ultimately, empowering women through education not only transforms individual lives but also fosters healthier generations and stronger communities.
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