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Background: Bangladesh continues to grapple with a persistently high infant mortality rate, currently at 38 deaths per 1,000 live births. Adolescent pregnancy poses significant health risks for both mothers and infants globally, yet its specific impact on infant mortality in Bangladesh remains underexplored. Therefore, this study aims to investigate the association between adolescent pregnancy and infant mortality in Bangladesh.



Methods: This cross-sectional study analyzed data from the Bangladesh Demographic and Health Survey 2017–18, focusing on 8,759 infants born to women aged 15–49 years. Adolescent pregnancies were categorized into four groups: <16 years, 16–17 years, 18–19 years, and >19 years. Potential covariates included sociodemographic factors (mothers' age, fathers' occupation, religion), contextual factors (place of delivery, access to media and technology), and healthcare utilization (antenatal and postnatal care). Bivariate logistic regression assessed associations between adolescent pregnancy and infant mortality, presenting adjusted odds ratios (AOR) with 95% confidence intervals (CI) while controlling for these covariates.



Results: The mean age of mothers at first birth was 18.53 years. Among the 8,759 infants studied, 328 (3.74%) died before reaching 12 months of age. Infants born to mothers younger than 16 years initially showed higher odds of mortality (AOR: 1.45, 95% CI: 1.05–2.01); this association persisted even after adjusting for sociodemographic and contextual factors (AOR: 1.41, 95% CI: 1.01–1.96). However, after controlling for healthcare utilization, the relationship was no longer statistically significant (AOR: 1.06, 95% CI: 0.56–1.99).



Conclusions: Delaying childbirth from adolescence to adulthood may reduce infant mortality in Bangladesh. However, adolescent pregnancy alone does not increase infant mortality risk after accounting for healthcare utilization, such as antenatal and postnatal care. Improving access to quality healthcare is crucial for lowering infant mortality. Future cohort studies are needed to better understand the relationship between maternal age and infant health outcomes.
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Introduction

Infant mortality is one of the leading public health problems globally, particularly in low- and middle-income countries. Despite substantial progress in reducing infant mortality over the past two decades, it is still a staggering number in low- and medium-income countries. According to the World Health Organization (WHO), approximately 17 million infants die annually, two-thirds within the first month of life, mostly in low- and middle-income countries (1). Infant mortality is the number of deaths of infants under one year per 1,000 live births in a given population or region (2). According to data in 2020, the global infant mortality rate (between birth and 11 months) is 29 per 1,000 live births (2).

In South Asia, infant mortality has declined, but the infant mortality rate has yet been remarkably high at 56 per 1,000 births in Pakistan, 45 in Afghanistan, and 27 in India (3). Bangladesh has reported an infant mortality rate of 38 deaths per 1,000 live births (4), compared to a global rate of 29 (2). The leading causes of infant mortality in Bangladesh are prematurity (29.7%), birth asphyxia and trauma (22.9%), and sepsis (19.9%) (5, 6). Institutional delivery, antenatal care, and high-income households are linked to lower infant mortality rates in Bangladesh (5–8). Maternal chronic health conditions, poor nutrition, and inadequate prenatal care are also associated with infant mortality (9). Moreover, the mother's educational level, age at birth, the weight of the newborn, sex of the child at birth, and place of birth are other factors that affect infant mortality in Bangladesh (5, 7, 8, 10).

In Bangladesh, approximately one-third of adolescent mothers still give birth at home, resulting in a higher risk of neonatal mortality (4), especially among those under 18 years old compared to older mothers (11). Research has shown that giving birth in a healthcare facility can reduce the risk of neonatal mortality and improve neonatal outcomes for mothers in Bangladesh (6). It has been demonstrated that facility-based deliveries can significantly reduce the risk of neonatal mortality, especially for adolescents with a higher rate of newborn mortality. Inadequate prenatal and postnatal care accounts for a substantial proportion of newborn deaths in Bangladesh, highlighting the need to improve maternal healthcare utilization and remove societal and cultural barriers to accessing healthcare services (5, 12, 13). In addition, sociodemographic factors such as education, place of residence, occupation, wealth index, and religion play a pivotal role in adolescents becoming pregnant, which may, in turn, lead to infant mortality (14, 15). A comprehensive review of infant mortality across 24 developin data, confirmed that proper Antenatal Care (ANC) and Postnatal Care (PNC) significantly reduce the risk of infant mortality (16).

Pregnancy during adolescence presents significant risks to both mother and infant. Adolescent mothers face higher rates of complications like preterm birth, low birth weight, and hypertensive disorders, increasing infant mortality risk. Contributing mechanisms include biological immaturity, affecting fetal growth, and socio-economic factors, such as limited access to prenatal care and poor nutrition (17). Children of younger mothers face greater disadvantages, with maternal immaturity playing a critical role (18). Additionally, adolescent growth may coincide with pregnancy, leading to maternal-fetal competition for nutrients, increasing the risk of low birth weight and neonatal mortality (19).

Bangladesh is one of the most vulnerable countries in the South Asian region concerning child marriage, which could relate to adolescent pregnancy (20); thereby, it is crucial to investigate whether adolescent pregnancy could affect infant mortality. While previous global studies have primarily focused on factors such as antenatal care, birth size, wealth index, maternal education, occupation, and domestic violencee (21–23), as well as modifiable risk factors for neonatal mortality (24), the role of early pregnancy remains underexplored, particularly in Bangladesh. Notably, Noori N, et al. (25) analyzed DHS data from 46 LMICs in sub-Saharan Africa and South Asia (2004–2018) and found significantly higher mortality rates among children of adolescent mothers compared to those of mothers aged 23–25, even after adjusting for covariates (e.g., rural/urban residence and maternal education), with maternal health-seeking behavior potentially mediating this relationship. This study aimed to explore explanatory factors for the association between adolescent pregnancy and infant mortality, which were adjusted for across three levels: sociodemographic factors, contextual factors, and healthcare utilization factors.



Material and methods


Study design and data source

This cross-sectional study is based on data from the Bangladesh Demographic and Health Surveys (BDHS) 2017–18. The survey employed a cluster sampling method to collect data from both urban and rural areas, covering all eight divisions of the country. The BDHS 2017–18 surveyed 20,127 ever-married women aged 15–49 years, from which a subset of 8,759 children with available data on whether the child was alive or had died within 12 months of birth, as well as information on maternal age at first birth. This approach ensured that both the predictor (maternal age) and the outcome (infant mortality) pertained to the same child in each case. Exclusions were made for stillbirths (n = 222) and multiple births (e.g., twins and triplets), as these cases present unique and complex health conditions warranting separate investigation, consistent with prior research (7).

In the BDHS survey, socio-demographic factors such as maternal education and household income were measured at the time of the survey, not during pregnancy or childbirth. However, birth history data were collected retrospectively, with mothers reporting all births, including birth dates, survivorship status, and either the current age or age at death for each child.

To improve the accuracy of age reporting in Bangladesh, strategies such as cross-checking with newborn birth cards, and verifying the mother's age using formal documents (e.g., birth certificates, ID cards) were implemented. Data collectors also used comparisons with significant historical events or other family members' ages to reduce discrepancies.

The DHS emphasizes ensuring an adequate sample size for data quality and recommends using sample weights to account for disproportionate sampling and non-response. These weights ensure that the data remains representative of the national population. It is important to note that all data were self-reported, with no medical records reviewed.




Variables measurement


Dependent variable

The dependent variable in this study is the infant mortality status, which has been categorized into two groups. If infants alive or dead within 12 months of life, they were categorized into alive = 1 and dead = 0.



Independent variable

The independent variable in this study was the mother's age at first birth, which was classified into four groups, recoded as: <16-year = 2, 16–17 years = 2, and 18–19 years = 3, >19-year = 4. More than 19 years was selected as the reference group for comparison with the other groups.



Potential covariates

The covariates were chosen based on a combination of existing factors widely recognized in the literature as significant influences on maternal and infant health outcomes (4, 5, 7, 8, 10–16), as well as the availability of data within the BDHS dataset. Pearson (r) correlations were used to assess the relationships among the independent variables to identify multicollinearity. No signs of multicollinearity (r > 0.7) were found among the independent variables.

The variables were classified into socio-demographic, contextual, and healthcare utilization factors.

Socio-demographic factors—Father's occupation is categorized into three groups: not working = 0, service holder = 1, and agriculture = 2. Wealth status was categorized into five groups, called quintiles:: poorest = 0, poorer = 1, Middle = 2, richer = 3 and richest = 4. These quintiles are estimated using data on household assets, such as housing conditions, water access, and ownership of goods. The households are then ranked from lowest to highest wealth and divided into five equal parts, representing the wealth distribution across the population. Given that most of the population in Bangladesh is Muslim, the variable Religion was categorized into two groups: Islam = 1 and Others = 2.

Health status, as indicated by Body Mass Index (BMI) of mothers was considered a continuous scale in this study. The BMI is determined by dividing a person's weight in kilograms by the square of their height in meters (kg/m2). For the BDHS 2017–18 survey, the BMI is calculated for women aged 15–49 who are not pregnant and have not given birth in the two months before the survey. The BMI values are classified into four groups based on predetermined cut-off points: underweight ≤ 18.5, healthy weight = 18.5–24.9, overweight = 25.0–29.9, and obesity ≥ 30. Contextual factors—Place of residence was categorized into two groups: rural = 1 and urban = 2. Place of delivery was recategorized into two groups: delivered at home = 1 and delivered at institution = 2. Knowledge of family planning (FP) was divided into two groups: mothers who had knowledge of FP were categorized as 1 and those who had no knowledge of FP were categorized as 0. The mother's knowledge of FP was assessed based on several questions related to her access to mass media exposure, such as reading newspapers, watching television, owning a mobile phone, and listening to the radio. All these mass media exposures were categorized into yes = 1 or no = 0. Moreover, the variable attended FP session was categorized into yes = 1 (any session) or no = 0 (no session).

Healthcare utilization factors—receiving ANC and PNC considered binary variables and categorized them as care received = 1 and no care received = 0, respectively. Mothers who received at least one ANC and PNC counted as “care received” in this study.




Data analysis

All statistical analyses were conducted using Stata version 15.0. A sampling weight was considered for all analyses to normalize the data at a national level and to minimize the standard errors. To create the sampling weight, a complex sample plan was developed by aggregating three variables: (i) primary sampling units, (ii) sample strata, comprising a representative sample, and (iii) sample weights, which calculate the sampling probability for each stage.

A descriptive analysis was used to summarize the basic characteristics of the study population. Categorical variables were presented using frequency and percentages, while continuous variables were presented using means and standard deviation. A Pearson Chi-square test was employed to evaluate the statistical significance of the observed differences between categorical variables, including maternal age at first birth, and the dependent variable. Additionally, a t-test was utilized for all continuous covariates to assess the significance of the differences between these covariates and the dependent variable.

Prior to executing logistic regression models, variance inflation factors (VIFs) were estimated to check for multicollinearity between explanatory variables, with a VIF value greater than 10 assumed to indicate high collinearity. No VIF value greater than 0.5 was found, indicating no collinearity between the independent variables (26). Only covariates with a p-value less than 0.25 from the Chi-square and t-test were entered into the univariate logistic regression (27). A three-step process was followed in the logistic regression model. In model 1, a univariate logistic regression was performed to see an association of each independent variable (including covariates) with the outcome. In Model 2, a multivariate analysis was conducted, incorporating sociodemographic factors (i.e., fathers' occupation and religion) and contextual factors (i.e., place of delivery, television viewing, mobile phone ownership, and knowledge of family planning) along with mothers' age at first birth. Additionally, in Model 3, all the variables from Model 2, including sociodemographic and contextual factors, were combined with healthcare-related variables to assess their impact comprehensively. For all models, odds ratios (OR) with 95% confidence intervals (CI) were calculated to identify the relationship between each independent variable and infant mortality. A two-tailed test was used, and the level of significance for all analyses was set at p ≤ 0.05.



Ethical approval

The BDHS is publicly available for performing research, reviewed and approved by the ICF Macro Institutional Review Board (USA), and also by the National Research Ethics Committee of the Bangladesh Medical Research Council (Dhaka, Bangladesh). During data collection, informed consent from each participant was obtained ensuring confidentiality. Ethical approval for using the data was obtained from ICF International Rockville, Maryland, USA, in October 2022. The analyses performed in this study were carried out following relevant guidelines and regulations.



Results

The mean age of the mothers at first birth was 18.53 years. Among mothers with higher education, 9.67% experienced infant loss, compared to 45.12% and 36.28% for mothers with intermediate and elementary education, respectively. Of all, 25.3% of the women who experienced infant loss came from the poorest families, compared to only 16.16% from the wealthiest family background. Moreover, 291 (3.6%) out of 7,989 Muslim mothers reported infant deaths, compared to 37 (5.0%) out of 704 non-Muslim mothers. Additionally, 46.67% of mothers who reported infant deaths gave birth at home, compared to 53.33% in some institutions (Table 1). However, the study identified the following variables to be included in the Binary logistic regression analyses: the mother's education, father's age, religion, delivery place, watching television, owning a mobile phone, and receiving antenatal care (ANC) or postnatal care (PNC).


TABLE 1 Descriptive characteristics and association of infant death status from first birth with mother's age group and other independent variables (n = 8,759).

[image: Table 1]

Both groups of mothers—those who reported infant death and those who had live children at their first birth—did not significantly differ in terms of the mother's age, father's occupation, wealth index, BMI, place of residence, knowledge of FP, and mothers who received any ANC (Table 1).

Table 2 shows the results from logistic regression of factors associated with infant mortality. Infants born to mothers under 16 years had higher odds of mortality compared to infants born to mothers over 19 years, and the results were statistically significant in model 1 (crude model), (OR: 1.45, 95% CI: 1.05, 2.01) and persisted in Model 2 (OR: 1.41, 95% CI: 1.01–1.96) after adjusting for sociodemographic factors such as maternal age, paternal occupation, and religion, as well as contextual factors like place of delivery, television access, mobile phone ownership, and knowledge of family planning. However, after further adjusting for healthcare utilization factors, including antenatal and postnatal care, in Model 3, the association was no longer statistically significant (AOR: 1.06, 95% CI: 0.56–1.99).


TABLE 2 Results from a binary and multivariate logistic regression model exploring the association between infant death status, maternal age group, and other independent variables.
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Discussion

The present study reveals a significant increase in infant mortality among mothers under 16 years old compared to those aged 19 years or older. This finding was robust across demographic and contextual factors but became non-significant after adjusting for healthcare utilization. Additionally, the study identifies religion and PNC as significantly associated with infant mortality.

While this study does not negate the association between adolescent pregnancy and infant mortality, recent evidence from a study across 46 Low- and Middle-Income Countries (LMCs) in Sub-Saharan Africa and South Asia highlights adolescent pregnancy as a recognized health risk for both mother and child (25). Unlike Noori et al. (25), which offers a broader regional perspective (including Bangladesh), our study provides a more in-depth exploration of Bangladesh, a country facing distinct health challenges and disparities. A key contribution of our research is the finding that, once healthcare utilization factors, such as antenatal and postnatal care, are accounted for, the previously observed relationship between adolescent pregnancy and infant mortality loses its statistical significance. This underscores the crucial role of healthcare access in mitigating infant mortality and provides a more nuanced understanding of adolescent pregnancy's impact within Bangladesh. Furthermore, our study offers a more granular analysis by thoroughly adjusting for a comprehensive set of covariates, including sociodemographic, contextual, and healthcare utilization factors. The study also notes a decline in absolute mortality rates over time but underscores that the age gradient persists across different time periods. It recommends further investigation into biological and social factors that mediate the relationship between adolescent pregnancy and child mortality.

Similarly, the 2011 BDHS study found that Bangladesh's infant and child mortality rates are higher among rural populations and families with lower socio-economic status (28). Also, the study underlined that access to healthcare services and maternal education were essential factors in reducing infant and child mortality in Bangladesh. Therefore, this study argues that infant mortality can be attributed to several factors other than the mother's age alone.

The study also found that religion was significantly associated with infant mortality. Respondents of other religions had higher odds of infant death compared to Muslims in the present study. The possible reasons for this finding could be differences in religious beliefs and practices that may have influenced maternal and child health-seeking behavior. Religious differences significantly influence maternal and child health-seeking behaviors. Some religious communities may favor traditional healing over biomedical care, causing delays in seeking necessary healthcare for mothers and infants (29). Additionally, specific religious doctrines may discourage certain medical procedures, particularly in family planning and childbirth (30). Literature indicates that various religious affiliations can introduce unique barriers to healthcare access, including socioeconomic disparities. Religious minority groups often experience higher poverty levels, limiting their healthcare access (31). It highlights the importance of understanding cultural and religious factors that have affected maternal and child health outcomes and the need to tailor interventions to address these factors. However, a significant shift can be observed in this study compared to similar studies. For example, using data from MICS 2019, a study found that non-Muslim women in rural areas had a 7.5% lower risk of offspring mortality than their Muslim counterparts (14). Similarly, other findings showed that Muslim children are at an increased risk of neonatal death compared to non-Muslims due to accessibility to adequate maternal care (15). Additionally, using the same dataset BDHS 2017–18, Muslim respondents had a lower likelihood of delivering a child in an institution than non-Muslim religions, associated with an increased risk of infant mortality (12). Nevertheless, using the BDHS data from 2017 to 18, a study also reported that religion has a significant relationship with infant mortality. The researchers found that the infant mortality rate was higher among non-Muslim infants compared to Muslim infants (5). So, further research is needed to understand better the role of religion in infant mortality in Bangladesh to develop targeted interventions that address the specific needs of different religious groups.

Finally, this study found that receiving PNC was significantly associated with lower odds of infant mortality. It is consistent with previous studies that have shown the importance of PNC in improving maternal and child health outcomes (32–34). PNC provides an opportunity to identify and manage maternal and infant health problems, including monitoring the infant's growth and development. Therefore, this study emphasizes the need for improving access to PNC for all mothers in Bangladesh, particularly those living in rural and slum areas where access to health facilities is limited (35).



Strengths and limitations

Several strengths of this study should be highlighted. Firstly, the study used a large and nationally representative sample of women in Bangladesh, providing a comprehensive overview of the country's maternal and child health outcomes. Using such a sample increases the generalizability of the results to the larger population of women in the country. The study examined the relationship between maternal age and infant mortality while controlling for other relevant factors, including socioeconomic and healthcare utilization variables. To minimize potential sources of bias and uncertainty, the study design included steps such as anonymizing the survey and assuring participants that their responses would be kept confidential.

The study has some limitations that need to be considered when interpreting its results. The study relied on self-reported data, which may be subject to recall and social desirability biases, meaning that some participants may not accurately remember or report certain information. Although data confidentiality measures were in place, recall bias may still affect the accuracy of the reported information. The study would have been further strengthened by additional analysis of effect modification, but limitations in the questionnaire's design did not allow for this. For example, in the questionnaire, if a mother received at least one PNC visit before the interview, it was coded as “received PNC ever,” but it was not specified whether this PNC was received for her first pregnancy or subsequent pregnancies.

The study's cross-sectional nature means it is impossible to establish a causal relationship between maternal age and infant mortality. We acknowledge that the timing of certain covariates, such as television watching, remains an issue. Like most other variables measured at the time of the survey, it may not accurately reflect the context surrounding each individual case of adolescent pregnancy and infant mortality. This is particularly relevant for women whose infants have died, as this occurred before the survey, possibly up to a year earlier. Additionally, we consider that infant mortality may have influenced the covariates we included. We thus emphasize the potential for reverse causality and the challenges of establishing causal links in cross-sectional studies. Moreover, there are limitations due to recall bias in data collection birth history, such as selective omission of non-surviving births, leading to underestimation of child mortality. Other issues include birth date displacement, misreporting age at death, and assumptions that maternal reports of child mortality are accurate, despite potential correlations between maternal and child mortality risks.

One key limitation of our study is the possibility of residual confounding. Although we adjusted for various covariates such as sociodemographic, health status, contextual, and healthcare utilization factors, there may be other important covariates or confounders that we could not account for, such as detailed nutritional information, household environmental factors, or psychosocial stressors, because they were not available in the dataset. These unmeasured factors could potentially influence infant mortality (7). Additionally, self-reported recall data on variables such as birth history and antenatal care may be subject to recall bias, affecting the accuracy of our findings.

While our adjustments improve the robustness of the results, the loss of statistical significance in Model 3, after the additional adjustment for healthcare utilization factors along with sociodemographic and contextual factors, suggests that healthcare utilization factors may play a larger role in mediating the relationship between maternal age and infant mortality than initially anticipated. Nevertheless, unmeasured covariates could still affect this complex relationship, and future studies with more comprehensive data are needed to explore these influences more thoroughly. The dataset we analyzed for this study included only ever-married women, excluding unmarried adolescent mothers, who might face unique healthcare, financial, and social challenges linked to higher infant mortality. Future research should include this group for a more comprehensive understanding of these factors. Another limitation is the potential for response bias, particularly on sensitive topics such as reproductive health, which may impact data quality. Additionally, the BDHS data is based on a population sample, which may not fully represent the entire population due to sampling error. Data quality may also be affected by incomplete or inaccurate data collection, missing data, and errors in data entry. Some data may not have been available or collected, limiting the comprehensiveness of the information. The sampling methodology used may introduce selection bias, which could affect the results. For example, the survey only included a limited number of questions related to infant death and the mother's age, which may not provide a complete understanding of adolescent motherhood and its complexity. Future studies may require a more comprehensive examination of adolescent pregnancy and its relationship to infant mortality. Furthermore, we recognize that WHO guidelines recommend at least eight ANC visits to achieve optimal maternal and child health outcomes (36). While we based our analysis on the available data, which used at least one ANC visit as the minimum threshold, we acknowledge that this approach is limited. This underscores the importance of obtaining more detailed ANC visit data in future studies.



Conclusions

The findings suggest that delaying the first birth from adolescence to adulthood may reduce infant mortality. This relationship may not be influenced by sociodemographic factors, but it seems to be influenced by healthcare utilization factors. After controlling healthcare utilization factors, maternal age did not matter for infant mortality, rather healthcare utilization factor—perceived any PNC was found to be a protective factor for infant mortality. Further, the results suggest that religion plays an important role in terms of infant mortality. For policymakers, the study findings suggest that efforts to improve maternal and child health should prioritize promoting adolescent reproductive health and family planning education, especially for young girls. It also highlights the need to improve access to quality healthcare services for mothers and newborns, including postnatal care services. Targeted interventions are also necessary to achieve the SDG's target of reducing child mortality, such as improving maternal health outcomes, reducing religious barriers, and reducing disparities in maternal and child health.
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