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Introduction: Maternal high-risk fertility behaviors (HRFBs) represent a multifaceted bio-demographic factor with profound implications for child health. Maternal HRFBs raise the risk of undernutrition in children under the age of five, rendering them more susceptible to stunting and wasting. When estimating the impact of HRFBs on child malnutrition using an observational study such as the Demographic and Health Survey (DHS), it’s important to consider the potential for selection bias and the effect of confounding variables. To address this, we employed propensity score-matched (PSM) analysis to more accurately estimate the true impact of maternal HRFBs on children’s nutritional status.

Methods: Secondary data analysis of 161,179 children under the age of five was conducted based on the 26 Sub-Saharan Africa DHS data (2015–2023). To estimate the maternal HRFBs on children’s nutritional status, We employed propensity score matching (PSM) with a logistic model using the ‘psmatch2 ate’ STATA command to estimate the Average Treatment Effect (ATE) for the population, the treated group (ATT), and the untreated group (ATU). We assessed the quality of matching both statistically and graphically. Additionally, we conducted a sensitivity analysis to test the robustness of the PSM estimates, using the Mantel–Haenszel (MH) test statistic.

Results: More than two-thirds of (57.14, 95%CI: 56.90, 57.39) mothers had a high-risk fertility behavior. In SSA the prevalence of stunting, wasting, and being underweight among under-five children was 30.58% (95%CI: 76.30, 76.72), 6.74% (95%CI: 6.62, 6.86) and 16.70% (95%CI: 16.52, 16.88), respectively. The difference in the Average Treatment Effect (ATE) of maternal HRFBs on stunting, wasting, and underweight was 2.00, 0.30, and 2.19%, respectively. The Average Treatment Effect on the Treated group (ATT) showed a 2.12% increased risk of stunting, a 0.24% decreased risk of wasting, and a 2.68% increased risk of underweight. These estimates remained robust to hidden bias and demonstrated good matching quality.

Conclusion: These results indicate the necessity of public health interventions aimed at enhancing maternal and child health by promoting family planning services, educating young mothers, and providing support to women with high parity.
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Introduction

Childhood malnutrition is a major global public health concern, especially in resource-limited settings. A child’s nutritional status, primarily determined by growth in height and weight, is directly influenced by food intake and the occurrence of infections (1, 2). Malnutrition adversely affects brain development and linear growth in children, leading to both short-term and long-term health consequences, while also diminishing the economic productivity of countries (3, 4).

Globally, an estimated 149 million children under the age of 5 are stunted, 45 million are wasted, and 37 million are overweight or obese (1). In Africa, the prevalence of child malnutrition is 33.2% for stunting, 7.1% for wasting, and 16.3% for being underweight (5). Each year, 6.3 million children under five die worldwide, with almost half of these deaths attributed to undernutrition. Sub-Saharan Africa (SSA) carries one of the highest burdens of undernutrition (6, 7). Evidence from the Millennium Development Goals (MDG) shows that the global rate of underweight children dropped from 25% in 1990 to 15% in 2015 (8). However, this progress was uneven, with almost 90% of underweight children found in South East Asia and SSA. While the number of stunted children decreased in most regions, it rose by about one-third in SSA between 1990 and 2013 (9). Although chronic undernutrition is becoming less common, the number of stunted children under five is rising in SSA due to population growth (10).

Maternal high-risk fertility behaviors (HRFBs) represent a multifaceted bio-demographic factor with profound implications for child health. HRFBs are defined as reproductive behaviors that elevate the risk of adverse health outcomes for both the mother and her offspring. These behaviors include early and late childbearing, high parity, and narrow birth intervals (11, 12). Studies indicate that HRFBs are connected to unfavorable health consequences for mothers, infants, and children, encompassing stillbirth, premature birth, child malnutrition, low birth weight, and higher rates of infant and neonatal mortality (12–15). Additionally, maternal HRFBs increase the risk of undernutrition in children under five, rendering them more susceptible to stunting and wasting (16, 17).

In low-and middle-income countries (LMICs), the impact of HRFBs is notably exacerbated by widespread poverty, inadequate health infrastructure, limited healthcare accessibility, unmet needs for family planning, and early child marriage (13, 18, 19). In SSA, children frequently experience nutritional challenges, evident from the substantial rates of stunting (31.3%) and wasting (8.1%) (17).

The majority of studies conducted in SSA were predominantly observational and relied on traditional regression methodologies to investigate the factors associated with a child’s nutritional status. While HRFBs are established determinants of poor child health, they are closely tied to socioeconomic factors, requiring robust evaluation methods like Propensity Score Matching (PSM) to isolate their effects. To our knowledge, this is the first study in SSA to employ PSM as a method to analyze the actual impact of maternal high-risk fertility behavior on child nutritional status.



Methods


Study design, period, sample size, and sampling procedure

The current study utilized data from the Demographic and Health Surveys (DHS) of 26 SSA countries spanning the period from 2015 to 2023. The DHS is a nationally representative survey designed to gather information on key indicators related to population dynamics, nutrition, and health using a community-based cross-sectional study design. A two-stage stratified sampling method was employed to identify participants for the study. In the initial stage, Enumeration Areas (EAs) were randomly chosen based on recent population data, utilizing the housing census as a sampling frame. Subsequently, households were selected in the second stage. For this particular study, focusing on under-five children, the dataset derived from the kid’s records (KR) file was utilized. Additional information on the DHS methodology is available at https://dhsprogram.com/Methodology/index.cfm. In this study, a total weighted sample of 161,179 children under the age of five from 26 SSA countries was considered in the final analysis.



Study variables


Outcome variable

Stunting: defined as the children with height-for-age Z-score (HAZ) < −2SD.

Wasting: defined as the children with weight-for-height Z-score (WHZ) < −2SD.

Underweight: defined as the children with weight-for-age Z-score (WAZ) < −2SD (20).



Exposure variable

The exposure variable was maternal high-risk fertility behavior.

High-risk fertility behavior categories were:

1) Children born to mothers under age 18 years.

2) Children born to mothers 35 years and older.

3) Children of birth order 4 or higher.

4) Children born less than 24 months since a preceding birth.

We gave 1 if any single risk factors (mother’s age at birth <18 years of >34 years, birth interval of <24 months, and birth order of greater than 3) were present and 0 otherwise. We used the DHS definition of “Percentage of births in high-risk fertility behavior categories.”



Confounding variables

Many maternal pre-intervention characteristics have been included in the model as they ensure a better chance that the PSM assumption holds. Variables that have an effect on HRFB and child nutritional status at the same time but which are not affected by the exposure (HRFB) were included. Variables such as country, residence, maternal age, maternal educational level, maternal employment status, husband/partner’s educational level, household wealth index, sex of household head, media exposure, health insurance coverage, and perceived distance to health facility were considered for matching. Confounding variables that have a significant association with the exposure and outcome variables were considered for matching.




Propensity score and average treatment effect

In experimental studies, particularly Randomized Controlled Trials (RCTs), study participants are randomly assigned to either the exposure or control group. Randomization helps control both known and unknown confounding factors. In observational studies, unlike in RCT, randomization cannot be employed to allocate study participants to different groups. This inability results in inherent imbalances in observed variables, introducing a bias that can significantly influence the causal effect of the exposure. When confounding variables are measurable, we must make adjustments to address and rectify any imbalances between groups. The balancing score, which is a function of the observed covariates, can be utilized to address the imbalance between the control and exposure groups. According to the balancing score, the observed variables should be unrelated to the assignment of the exposure, whether it’s HRFB or no HRFB.

The propensity score method is commonly used to balance the inequality of the confounding variables in observational studies. Using propensity score matching, the difference in children’s nutritional status between the children whose mothers had HRFB and children whose mothers had no HRFB will be an unbiased estimate of the effect of HRFB after controlling for the observed covariates through propensity scores. A propensity score denotes the probability of a patient receiving an exposure (HRFB) based on all the observed covariates. This score represents the conditional probability of being exposed (HRFB) and consequently falls within the range of 0–1. The likelihood of a child being born from a mother who had HRFB increases with a higher propensity score. In a propensity score analysis, the exposure variable of interest must be dichotomous.

The observed covariates can be grouped into three categories based on their relationships with exposure and outcome: covariates that are only related to the exposure assignment, covariates related to both exposure assignment and outcome (known as confounders), and covariates that are only related to outcome. In this study, only the confounders were included in the propensity score model.

The propensity score for each child is computed based on the identified confounding variables, mitigating the probability of adverse effects for children whose mothers had HRFB. Given that the exposure variable under consideration is dichotomous (maternal HRFB vs. no maternal HRFB), common approaches to generating propensity scores involve logistic regression or discriminant analysis.

The impact of maternal HRFB on children’s nutritional status was estimated using Propensity Score Matching (PSM). This statistical approach is widely used to address the main limitation of establishing causal inference from observational research designs when randomization is not feasible for creating exposed and control groups. The process involves creating matched sets of control and exposed groups consisting of individuals with similar propensity scores. Following the establishment of these matched samples, the impact of maternal HRFB can be evaluated by directly comparing rates of stunting, wasting, and underweight between children whose mothers had HRFB and those whose mothers did not within the matched sample.

The propensity score matching (PSM) approach was employed due to the non-random assignment of maternal HRFB, which can be significantly influenced by observable and non-observable variables. Matching variables were chosen based on their significant association with maternal HRFB and child nutritional status. The study matched children whose mothers had HRFB with children whose mothers did not have HRFB using logit regression (psmatch2 STATA command). Additionally, we used pstest to evaluate the balance of all covariates before and after matching, considering a significance level of 5% or higher as indicative of imbalance.

We endeavor to assess the impact of maternal HRFB on the beneficiaries. Let AiT indicate the nutritional status of children whose mothers were subjected to HRFB (the exposed cohort), and let AiC designate the nutritional status of children whose mothers were not subjected to HRFB. The observed outcome can be written as Ai = (1 − Ti)AiC + TiAiJ, where Ti = 0, 1 denotes exposure assignment (HRFB). The gain from the exposure (HRFB) is (AiT − AiC) and our interest is to estimate the average effect of exposure (maternal HRFB) on the exposed (ATT), E(AiT − AiC/Ti = 1). This cannot be estimated directly since neither are normally observed as AiT for Ti = 0 and AiC for Ti = 1 are not known.

The selection of variables for matching was based solely on their conceptualization before the exposure (HRFB). A rigorous assessment of PSM assumptions, including common support and selection of unobservable factors, was conducted through both graphical and statistical methods. During the analysis, the option of constraining the testing of balancing propensity was contemplated to include solely those children exposed to maternal HRFB exposure whose propensity score for children’s nutritional status aligned within the range of propensity scores for the control group. When utilizing the “pstest” command to evaluate covariate balance, we examined several matching methods, including nearest neighbor matching with and without replacement, and radius matching with calipers set at 0.01. The psmatch2 command was utilized to compute the Average Treatment Effect on the Treated (ATT) and Average Treatment Effect (ATE) for the matching method that yielded the highest quality matches. Additionally, the common support option was incorporated to ensure the generation of superior quality matches.

The quality of matching was assessed by computing the standardized bias before and after matching to evaluate the balance of covariates between the treated and control groups. The bias is determined by computing the percentage difference between the sample mean in the exposed and matched control groups, which is then divided by the square root of the average of the sample variances in both groups. In the absence of a definitive standard, it is important to note that there is no established threshold indicating an imbalance in standardized difference. However, it is generally accepted that a variance of less than 10% is indicative of a negligible difference.

A sensitivity analysis was undertaken to assess the robustness of the Propensity Score Matching (PSM) estimates. Given that the outcome variables were dichotomous, the Mantel–Haenszel (MH) test statistic was employed to evaluate whether the PSM estimates were susceptible to hidden bias. The gamma coefficient denotes the extent to which an unobserved confounder or hidden bias influences the allocation of the intervention to the treated and control groups. The gamma value, ranging from 1 to 2 with a 0.05 increment, can be calculated using the mhbounds STATA command.



Ethical consideration

Permission to get access to the data was obtained from the measure DHS program online request from http://www.dhsprogram.com.website and the data used were publicly available with no personal identifier.




Results


Socio-economic and health-related characteristics of the study participants

A total of 161,179 children under the age of five were included from 26 SSA countries. Forty-eight percent of mothers were between 25 and 35 years old, and 41.61% had no formal education. Only one-third (33.41%) of them reside in rich households and the vast majority (78.88%) live in households headed by males. Regarding health insurance coverage, 90.65% are not covered by health insurance.

Of the total 161,179 children under the age of five, 92,104 (57.14, 95%CI: 56.90, 57.39) were born in high-risk fertility behavior categories (Figure 1). In SSA the prevalence of stunting, wasting, and being underweight among under-five children was 30.58% (95%CI: 76.30, 76.72), 6.74% (95%CI: 6.62, 6.86) and 16.70% (95%CI: 16.52, 16.88), respectively (Table 1).

[image: Figure 1]

FIGURE 1
 Percentage of births in high-risk fertility behavior categories in SSA.




TABLE 1 Socio-economic and health-related characteristics of the study participants.
[image: Table1]

All baseline characteristics such as country, residence, maternal age, maternal educational level, maternal employment status, husband/partner’s educational level, household wealth index, sex of household head, media exposure, health insurance coverage, and perceived distance to health facility had a significant association with maternal high-risk fertility behavior, child stunting, wasting and underweight (Table 2).



TABLE 2 Factors associated with high-risk fertility behavior.
[image: Table2]



Estimation of propensity scores

The logit model was employed for estimating the propensity score of maternal high-risk fertility behavior in the study population (Table 3). The average propensity score was 0.583, and there was minimal variability (Sd = 0.232) between the intervention group (high-risk fertility behavior) and the control group (no high-risk fertility behavior). This value represents the average estimated probability of being exposed (being in the HRF group) based on observed covariates. In other words, it indicates how likely an individual is to be treated given their characteristics.



TABLE 3 Logit regression analysis of factors associated with high-risk fertility behavior in SSA.
[image: Table3]



The impact of maternal high-risk fertility behavior on under-five child nutritional status

We estimated the impact of HRFB on child nutritional status by the estimated difference between the treated groups (maternal HRFB) and the matched control groups (no maternal HRFB). The Propensity Score Matching (PSM) analysis calculates the effect of the HRFB exposure while accounting for background variables associated with HRFB and child nutritional status.

Propensity Score Matching is a technique used to estimate the ATT by creating a comparison group similar to the exposed group based on observed covariates. This helps assess the exposure’s impact on those who received it. PSM can also be adapted to estimate the ATE, which considers the exposure’s effect on the entire population, including both treated and untreated groups.

A radius matching approach with a 0.01 caliper width provided the highest quality of matching and was employed to estimate the average treatment effect of HRFB on the overall population, the average treatment effect on those who are exposed, and the average effect on those who did not exposed.

The unmatched estimate showed that births from women who had high-risk fertility behavior had a 5.63, 0.59, and 3.86% increased risk of stunting, wasting, and underweight among under-five children, respectively.

The ATE of high-risk fertility behavior on stunting, wasting, and underweight was 2.00, 0.30, and 2.19, respectively, showing that maternal high-risk fertility led to 2.00, 0.30, and 2.19% increments in childhood stunting, wasting and underweight. The ATT was 2.12, and 2.68% increased risk of stunting and underweight, respectively. Similarly, the contrast in estimated average treatment effects (HRFB) in untreated groups between the treated and control groups was 1.72% for stunting. Conversely, the average treatment effects in untreated groups were 1 and 1.68%, indicating that the control groups experienced a decrease in the risk of wasting and underweight compared to the exposed group (Table 4).



TABLE 4 A propensity score-matched analysis of the impact of maternal high-risk fertility on child stunting, wasting, and underweight.
[image: Table4]



Quality of matching

Since we do not condition on all covariates but on the propensity score, we checked if the matching procedure can balance the distribution of the relevant variables in both the control and exposure groups. The basic idea of all approaches is to compare the situation before and after matching and check if there remain any differences after conditioning on the propensity score.

The pseudo-R2 indicates how well the regressors explain the participation probability. After matching there should be no systematic differences in the distribution of covariates between both groups and therefore, the pseudo-R2 should be fairly low.

For the Unmatched sample, the maximum absolute bias (B) is 115.5% which is quite high, and the maximum absolute % bias reduction (R) is 1.53. For the Matched sample, Maximum absolute bias (B) is reduced to 12.0, 10.9, and 10.3% and R is 1.05, 0.98, and 1.06 indicating a significant improvement in the balance of the covariates after matching (Tables 5–7).



TABLE 5 Performance of the propensity score matching for stunting: quality measurements.
[image: Table5]



TABLE 6 Performance of the propensity score matching for wasting: quality measurements.
[image: Table6]



TABLE 7 Performance of the propensity score matching for wasting: quality measurements.
[image: Table7]

For the Unmatched sample, the maximum absolute bias (B) is 115.5% which is quite high, and the maximum absolute % bias reduction (R) is 1.53. For the Matched sample, B is reduced to 12.0% and R is 1.05, indicating a significant improvement in the balance of the covariates after matching.

It appears that the matching process has significantly reduced the Mean Bias, Median absolute Bias, and B from the ‘Unmatched’ to the ‘Matched’ groups, indicating a successful matching process.



Common support

Implementing the common support condition ensures that any combination of characteristics observed in the exposed group can also be observed in the control group. The common support is important for propensity score matching because it represents the range of scores for which it is possible to find a match between an exposed and a controlled individual. If there is no overlap in the propensity score distribution, then it would not be possible to find a match and the analysis would not be valid.

When we fitted the propensity-matched analysis of the impact of the HRFB, about 1 observation was dropped due to the common support option for stunting, wasting, and underweight, respectively (Table 8).



TABLE 8 Common support.
[image: Table8]

We assessed the common support assumptions graphically and statistically, and the assumption was fulfilled (Figures 2–4). Observations in the intervention and control groups with propensity score outside the region of common support were not included in the analysis.

[image: Figure 2]

FIGURE 2
 Histogram to show common support.
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FIGURE 3
 Histogram to show common support.


[image: Figure 4]

FIGURE 4
 Histogram to show common support.




Sensitivity analysis

In the presence of unobserved variables exerting simultaneous influence on both the assignment into exposure and the outcome variable, the emergence of ‘hidden bias’ becomes a concern. It is imperative to recognize that matching estimators lack robustness in addressing this form of bias. Given the unfeasibility of quantifying selection bias magnitude using non-experimental data, we confront this challenge employing the bounding approach proposed by Rosenbaum. In all of the analyses, in a study free of bias, that is, where Ґ = 1, the QMH statistic in this case provides strong evidence that HRFB causes child malnutrition. The upper bound on the significance level for Ґ = 1.05, 1.1, 1.15…2 was significant. The significance of these results suggests that our study is robust to hidden bias, meaning that even if there were unobserved confounding variables, they would not significantly alter our findings (Tables 9–11).



TABLE 9 Sensitivity analysis using Mantel–Haenszel bounds for stunting.
[image: Table9]



TABLE 10 Sensitivity analysis using Mantel–Haenszel bounds for wasting.
[image: Table10]



TABLE 11 Sensitivity analysis using Mantel–Haenszel bounds for underweight.
[image: Table11]




Discussion

This research endeavors to examine the causal impact of HRFB on child nutritional status employing PSM analysis. This method represents one of the most effective means of evaluating the influence of a specific intervention in observational studies by establishing a suitable comparison group in the absence of randomization. The analysis conducted by previous researchers indicates that HRFB is a significant predictor of child undernutrition. Furthermore, they have documented a notable association between HRFB and the nutritional status of children within Sub-Saharan African (SSA) nations (17, 19). However, we estimated the actual impact of HRFB on under-five children stunting, wasting, and underweight.

The present study revealed a significant and positive impact of HRFB on child malnutrition after matching treated and untreated children on all included observable characteristics. In the PSM analysis, we found the ATEs of HRFB on child stunting, wasting and underweight were 0.29, 0.58, and 2.19%, respectively. The ATT was 0.42, 0.46, and 2.42% increased risk of stunting, wasting and underweight, respectively. This positive causal impact of HRFB on child stunting, wasting, and underweight can be attributed to the fact that Maternal Age, Early or late maternal age at childbirth may affect child nutrition due to inadequate care or resources. Birth Intervals; Short intervals between pregnancies can affect maternal health and child nutrition. High Parity; having many children might strain resources and affect a child’s well-being. Limited resources may lead to inadequate food availability, affecting children’s nutritional intake. Families may struggle to afford healthcare services, vaccinations, and preventive measures for their children (21, 22). When mothers give birth at a very young age (typically below 18 years), several risk factors come into play: Young mothers may not have fully developed physically, affecting their ability to provide adequate care and nutrition to their children (23). Adolescent mothers often live in poor conditions, lack financial resources, experience high stress, face family instability, and have limited educational opportunities, leading to inadequate parent–child interactions and diminished infant development (24). They may face challenges in seeking social support or guidance during pregnancy and early motherhood. These all have an impact on Child Nutrition due to Children born to very young mothers may be at higher risk of malnutrition due to inadequate breastfeeding practices, poor dietary choices, and limited knowledge about child nutrition (25).

Children conceived after shorter intervals are more likely to experience undernutrition (26). Short intervals might not give mothers enough time to recover from pregnancy before the next one. Pregnancy and breastfeeding can deplete nutrient stores, particularly folate. Insufficient time between pregnancies could affect the health of both the mother and the baby (27).

The prevalence of HRFB among mothers in SSA is concerning, with approximately 76.52% exhibiting these behaviors. HRFB can include early or late maternal age at delivery, short birth intervals, and high parity. These behaviors can affect maternal health, child health, and overall family well-being. Given there is a strong relationship between HRFB and child undernutrition. Children born to mothers with HRFB are at higher risk of stunting, wasting and underweight. Addressing HRFB can contribute to better child growth and development. Health education is essential to raise awareness about the risks associated with HRFB. Women need information on family planning, optimal birth spacing, and the importance of maternal health. Encouraging contraceptive use can help prevent unintended pregnancies. Access to family planning services should be improved across SSA. Policies against child marriage are vital to reducing early pregnancies.



Conclusion

The study’s findings demonstrate a significant and positive causal relationship between HRFB and child undernutrition in Sub-Saharan Africa. These results indicate the necessity of public health interventions aimed at enhancing maternal and child health by promoting family planning services, educating young mothers, and providing support to women with high parity. It is imperative to advocate for policies that prioritize the health of mothers and children, with a specific focus on nutrition. Collaboration between governments and stakeholders is crucial in striving toward the achievement of the Global Nutrition targets. These targets seek to realize a 40% reduction in the prevalence of stunted children under the age of five and to sustain childhood wasting below 5% by the year 2025.



Strengths and limitations of the study

While this study provides valuable insights into the actual impact of HRFB on child malnutrition, it is essential to interpret the results in consideration of the following limitations. The matching was conducted using only observed variables, which could result in residual confounding due to unobserved variables. Although the Demographic and Health Survey (DHS) is a cross-sectional survey prone to social desirability and recall bias, it has some important advantages. First, it is based on nationally representative DHS data with a remarkable response rate. Second, the DHS uses a standardized questionnaire for data collecting, which ensures uniformity across all 26 countries. Furthermore, this study employs the PSM method to adjust for relevant confounders in estimating the causal relationship between HRFB and child malnutrition.
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