Modelling Early Childbearing as a Bounded Outcome: Adolescent Fertility in Countries and Socioeconomic Strata
Abstract
Childbearing at a young age remains a pressing concern for population health and broader development. Unfortunately, there has been extensive literature based on statistical models that have not properly accounted for the bounded variable and hierarchical structure of the data concerning childbearing at a young age. The purpose of this research is to investigate the trend of childbearing at a young age using harmonised cross-national survey data. The objective of this study is to measure changes in childbearing among young women over time. The data on the percentage distribution of women aged 20-24 years who have given birth to children under age 18 were modelled using a multilevel beta regression model with random effects for countries and regions. The results indicate a significant decrease in early motherhood, with an odds ratio of −1.5 per cent per year (p = 0.000). There are significantly higher prevalence rates of early childbearing in lower-income countries than in the higher-income groups (0.868, p = 0.006). Compared within countries, the risk of early childbearing increases with residence in rural areas ( 0.191, p < 0.001) and in the poorest wealth quintile (0.466, p < 0.001), but the richest fifths have a strong protective effect (-0.891, p < 0.001). Both region-level and country-level variations are significant. The uniqueness of this study lies in addressing key statistical limitations in existing research by treating early reproduction as a bounded proportional outcome. Some of the take-away recommendations for this study include prioritising equity-oriented policies and using ratio and hierarchical-cognisant models for monitoring teen reproduction.
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Introduction
Early childbearing refers to the percentage of women aged 20-24 who give birth before age 18, and is a pressing issue in global public health and development (Morooka et al., 2024; Toss et al., 2024; Araya et al., 2024). Adolescent pregnancy is strongly associated with poor maternal and child health, such as higher risks of obstetric complications, maternal mortality, low birth weight, neonatal mortality and intergenerational poverty and cycles (Rammohan et al., 2025; Brunner et al., 2025; Padhani et al., 2024). Besides health outcomes, early childbearing limits educational attainment among girls, labour markets, and human capital, therefore, reducing the attainment of a number of Sustainable Development Goals, in particular, targets that impact health, education, gender equality, and poverty alleviation (Chandel et al., 2025; Rossouw et al., 2025).
Despite the high tendency towards a decline in fertility among teenagers, and some regions have experienced a decline in the number of teenage births, this has not been evenly spread across the board, with some countries and socioeconomic groups achieving higher gains (Grulich et al., 2025; Amouzou et al., 2025; Maugeri et al.). Large disparities still exist between low- and high-income countries, between regions, and within countries, based on the residence and household wealth. 
There are always more instances of early childbearing among rural populations and poorer households since they are the most vulnerable to the structural inequalities of access to education, reproductive health care, and social protection (Tohan et al., 2025; Xie et al., 2025; Vettriselvan et al., 2025; Bari et al., 2024). Such inequalities underscore the need for a strict, comparative, and inequality-sensitive analysis that is not based on national averages but must consider the distribution patterns of early childbearing.
International organisations like UNICEF and the World Bank have put substantial resources into the generation of harmonised cross-national data based on the large-scale surveys like the Demographic and Health Surveys, Multiple Indicator Cluster Surveys, and associated national measures (Li et al., 2025; Hossain et al., 2023; Bornstein et al., 2022; Alkire et al., 2022). These data sets offer an unparalleled opportunity to examine early childbearing at the cross-country, longitudinal, and multidimensional levels of inequality. Nevertheless, the statistical properties of these data, and in particular the proportionality, hierarchical organisation, and the large volume of non-responses across the non-aggregated strata, present methodological challenges that are not adequately addressed in empirical studies. These issues need to be addressed to produce policy-relevant evidence that is representative of both the levels and patterns of early childbearing across varied contexts.
Current empirical research on early childbearing has been primarily descriptive and based on correlational research at the national level (Sun et al., 2024; Phiri et al., 2023; Liang et al., 2025; Huang et al., 2024; Ohuma et al., 2023). A large amount of literature has been recorded on global and regional trends of declining adolescent fertility, with the authors attributing these trends to positive changes in girls' education, age at marriage, increased access to contraceptives, and the development of the socioeconomic environment (Spoorenberg et al., 2024; Garbett et al., 2025; Matovu et al., 2025; Bhushan et al., 2024; Chang et al., 2025). Numerous studies use pooled cross-sectional data or averages across countries, which provide valuable insights into general trends but often conceal the dynamic processes of heterogeneity and inequality within countries (Båge et al., 2024; Endalamew et al., 2025; Karmous et al., 2025).
The other body of literature focuses on socioeconomic and demographic factors that contribute to early childbearing, including household wealth, rural-urban residence, education, cultural expectations, and access to reproductive health services. Most of these studies employ multilevel modelling frameworks, occasionally supplemented by fixed effects to control for country-level unobserved heterogeneity (Ayiah-Mensah et al., 2025; Terefe et al., 2025; Shibeshi et al., 2025; Mataraso et al., 2025; Singh et al., 2024). Although informative, these approaches commonly treat early childbearing as a continuous, unconstrained outcome or a binary-valued outcome, even though the underlying data are proportions bounded between 0 and 1. Such data-model discrepancies and imbalances in the data structure and modelling strategy are a cause for concern, leading to biased estimates, heteroskedasticity, and ineffective inference.
Regarding methodology, the body of research is still dominated by models that disregard the hierarchical, multi-source nature of global survey data (Hu et al., 2024; Wu et al., 2025; Li et al., 2025). The nest of observations spans countries, regions, and survey instruments. However, some analyses use pooled ordinary least squares or simple fixed-effects models that disregard within-country dependence and cross-national heterogeneity. Additionally, missing data at the disaggregated strata are often handled using listwise deletion, which may introduce systematic bias in favour of countries and groups with more comprehensive reporting.
Overall, although earlier studies have produced valuable descriptive and explanatory findings on early childbearing, there remain vital gaps. Statistical models that acknowledge the constrained proportionality of the outcome variable are not widely used; there is inadequate consideration of hierarchical data and data heterogeneity across countries, and no sufficient modelling of inequality within residence and wealth groups within a single framework. Moreover, the variability and instability of early childbearing rates, which are central to measuring the sustainability of progress, are seldom studied directly.
It is against this background that the current research is inspired by the need to enhance the methodological rigour and substantive interpretation of cross-national studies of early childbearing. By harmonising international survey data and modelling strategies that correctly account for proportional results, multilevel data structures, and the dimension of inequality, this study aims to overcome the main drawbacks of the existing literature. The research will offer more plausible estimates of the extent of early childbearing and disparities, better understand heterogeneity across and within nations, and produce evidence more responsive to policy requirements and the monitoring of adolescent health and gender equity.
Materials and Methods
Characteristics and source of data.
The researcher involved the harmonisation of cross-national data on early childbearing collected in large-scale household surveys organised by international agencies. The most important outcome measure is the proportion of women aged 20-24 who delivered before age 18. The estimates are based on national representative surveys, such as Demographic and Health Surveys and Multiple Indicator Cluster Surveys, and on country-specific data. They are presented for various years and disaggregated population strata. The data are multi-decade, multi-national, include both upper- and lower-income countries and geographic areas, and have repeated measurements of the same countries over time.
The data are hierarchical, with observations within countries and countries within greater reporting regions. Moreover, even within the same country, further observations can be provided by the years and sources of the survey. The outcome is a proportion constrained to 0-100 per cent, with high heterogeneity across countries and a strong right skew. Disaggregated strata include national estimates, rural and urban residence, and household wealth quintiles, which introduce systematic patterns of missingness because not all surveys report each stratum in each year. They imply that modelling strategies should take into consideration these features that require respect for the limited nature of the outcome, clustering and repeated measures, and unequal information across strata.
Statistical Modelling Framework
Given the proportional and bounded nature of the outcome variable, a beta regression framework was adopted. Let  denote the proportion of women aged 20–24 who gave birth before age 18 for the stratum  in country  at time , where . The beta distribution is parameterised by a mean  and a precision parameter , such that
 ………………………………………….. (1)
The expected value and variance of  are given by
 ………………………………………….. (2)
To relate the mean  to covariates, a logit link function was used:
 ………………………………………….. (3)
Multilevel specification
To account for the hierarchical and longitudinal structure of the data, a multilevel model with random intercepts was specified. The linear predictor takes the form
 ………………….. (4)
where  is the global intercept,  denotes the centred year variable,  is a vector of income group indicators, and  represents population strata indicators. The term  is a random intercept for the reporting region to which country  belongs, and  is a country-specific random intercept. These random effects are assumed to follow independent normal distributions,  capturing unobserved regional and country-level heterogeneity, respectively.
This specification allows the model to distinguish between within-country variation over time and between-country and between-region variation, thereby preventing the underestimation of uncertainty in the pooled model. The multilevel beta-regression model also simultaneously accounts for a bounded outcome variable, heteroscedasticity, and clustering. This represents an improvement over the standard linear or logistic model commonly considered in previous studies.


Results and Discussion
Table 1: Fixed effects estimates with p -values and 95% confidence intervals
	Predictor
	B
	SE
	z
	p
	95% CI LL
	95% CI UL

	Intercept
	-2.502
	0.373
	-6.709
	0.001
	-3.232
	-1.771

	Year (centred)
	-0.015
	0.002
	-7.098
	0.001
	-0.019
	-0.011

	wb_income_group_2024Low income
	0.868
	0.318
	2.733
	0.006
	0.245
	1.490

	wb_income_group_2024Lower middle income
	0.486
	0.289
	1.684
	0.092
	-0.080
	1.052

	wb_income_group_2024Not Classified
	0.767
	0.622
	1.233
	0.218
	-0.452
	1.987

	wb_income_group_2024Upper middle income
	0.249
	0.278
	0.896
	0.370
	-0.295
	0.793

	stratumrural
	0.191
	0.036
	5.244
	0.001
	0.119
	0.262

	stratumurban
	-0.367
	0.040
	-9.146
	0.001
	-0.446
	-0.289

	stratumpoorest
	0.466
	0.036
	12.816
	0.001
	0.395
	0.537

	stratumsecond
	0.227
	0.037
	6.111
	0.001
	0.154
	0.299

	stratummiddle
	0.014
	0.038
	0.366
	0.714
	-0.061
	0.089

	stratumfourth
	-0.286
	0.040
	-7.111
	0.001
	-0.365
	-0.207

	stratumrichest
	-0.891
	0.046
	-19.273
	0.001
	-0.982
	-0.801



Table 1 presents the fixed effects of the multilevel beta regression model, which provides statistically sound evidence on the temporal dynamics, socioeconomic gradient, and structural disparities in early childbearing, while accounting for the outcome's proportionality. The coefficient for the centred year variable is negative and highly significant, indicating that across income groups, residence, and wealth strata, the trend of decreasing early childbearing has persisted over the years. This result extends previous evidence of declining teenage fertility rates globally, but it contributes to the literature by showing that the decline is statistically significant when analysed in a distributionally appropriate beta framework rather than linear or binary approximations. Their use of a multilevel beta regression is novel in this regard, as the method suppresses bias arising from heteroskedasticity and boundary effects that typify pooled ordinary least squares methods used in prior research.
The inequalities across income groups in Table 1 indicate substantial structural disparities. Low-income countries have a much higher prevalence of early childbearing as compared to high-income reference groups, and this finding supports long-term observations which have shown a relationship between adolescent fertility and macroeconomic deprivation, restricted access to educational opportunities, and restricted access to reproductive health services (Amouzou et al., 2025; Rossouw et al., 2025). The coefficients in the lower-, middle-, and upper-middle-income groups are attenuated. In a few instances, the coefficient is even statistically weak, but the overall gradient indicates a monotonic decreasing relationship between early childbearing and increases in national income. The originality of this is that it quantifies these gradients while accounting for stratification within a country to avoid ecological bias in country-averaged analyses.
The depth of inequality is further emphasised by the stratum-specific effects shown in Table 1. Rural residence and lower wealth quintile are associated with significantly higher early childbearing prevalence than urban residence and higher wealth quintile. The most negative coefficient in the wealthiest quintile indicates the presence of wealth-based inequalities that cut across national income levels. In contrast to other models that considered the effects of wealth or residence separately or used subgroup differences, the current model places these levels within a single hierarchical framework, allowing the direct comparison of inequality dimensions while still providing valid statistical inferences. These results have a clear policy implication for SDG 3 (Good Health and Well-being), SDG 4 (Quality Education), and SDG 5 (Gender Equality), as policies to mitigate rural deprivation and intergenerational poverty need to be tailored rather than universal across countries.
Table 2. Random effects variance components
	Random effect group
	Term
	Variance
	SD

	unicef_reporting_region
	(Intercept)
	0.4614
	0.6792

	iso
	(Intercept)
	0.3042
	0.5515



Table 2 presents the random-intercept variances at the UNICEF reporting region and country levels, which are vital for observing critical heterogeneity in early childbearing. The standard differences at the regional level show that there is a significant difference, influenced by contextual factors that vary across countries within the same region, e.g., cultural norms, legal frameworks governing marriage, and regional policy environments on adolescent fertility, beyond the covariates. In a similar vein, the non-trivial country-level variance indicates the presence of long-term national variations in institutional capacity, health system performance, and social norms.
The fact that the methodological complexity of variance decompositions is a new feature of the literature on early childbearing is a concern, as they have mainly used fixed-effects or pooled methods that neither assess nor eliminate individual and contextual heterogeneity (Hu et al., 2024; Wu et al., 2025). It is clear that, within the area of early childbearing variability, not even observed socioeconomic variables are able to explain it. Such an understanding is of prime relevance to policy formulation because it warns against standardised interventions and emphasises the requirement for regionally and nationally sensitive strategies under SDG 17 (Partnerships for the Goals), especially for intercountry learning and policy transfer.

 Table 3: Model fit statistics.
	Metric
	Value

	Akaike Information Criterion (AIC)
	-4,618.85

	Bayesian Information Criterion (BIC)
	-4,535.73

	LogLik
	2,325.43

	N (rows used)
	1,333.00



Table 3 shows that the multilevel beta regression specification is strongly supported by the model fit statistics. The AIC and BIC values are highly favourable, and the log-likelihood is large, with a large adequate sample size, indicating that the proposed model provides a better balance between explanatory power and parsimony. This structure is more representative of the distributional nature of prevalence at early childbearing than the more traditional linear or logistic models typically used in the literature, and allows for hierarchical data dependencies.
Methodologically, the good model fit justifies the study's primary assumption that accounting for the limited and proportionate nature of early childbearing data is not an elegant this or that, but a substantial enhancement for inference and policy interpretation. This fills one of the significant gaps in the previous literature, where model misspecification has likely led to underestimation of uncertainty and exaggeration of the significance of covariate effects (Båge et al., 2024; Endalamew et al., 2025).
[image: ]Figure 1: Distribution of Early Childbearing Prevalence (National) 
Figure 1 shows the distribution of national early childbearing prevalence; it is highly skewed, with most weight at the lower end and a long upper tail. This empirical distribution provides visual justification that early childbearing prevalence is neither normally distributed nor symmetric, thereby supporting the inadequacy of Gaussian assumptions in many previous analyses. The tendency for more observations to be concentrated at lower prevalence levels, together with extremely high-prevalence cases, highlights the coexistence of global development and vulnerable groups.
The originality of the research lies in translating this descriptive observation into a suitable modelling approach, namely beta regression, given the observed data type. Definitely, by making model choice a matter of empirical distributional features, the study enhances the plausibility of the latter conclusion. On the policy front, the distribution in Figure 1 suggests that global averages can still be improved. However, the high-burden countries are at risk of being ignored, which explains the topicality of SDG 10 (Reduced Inequalities).
[image: ]Figure 2. Trends in mean national prevalence of early childbearing
The change in early childbearing prevalence in the mean countries over time, depicted in Figure 2, shows an overall decline, punctuated by periods of stagnation. This is in agreement with earlier estimates for the world, characterised by differential rates of decline in teenage fertility (Grulich et al., 2025; Maugeri et al., 2025). The noted variation, however, points to the shortcomings of the linear trend interpretations that propose consistent decreases over time.
The current research contributes to the existing literature by introducing these time patterns into a hierarchical beta regression model that distinguishes actual time change from survey design- and sampling-variability-induced randomness. The figure, therefore, supplements the regression results by providing visual confirmation of the significance of modelling instability rather than smoothing it out. Policy implications are also directly linked to SDG 3 and SDG 5, since periods of stagnation might indicate interruptions in the provision of health services, education systems, or social protection, which should be addressed promptly.
[image: ]Solid= observed mean;     dashed=fitted mean
Figure 3: observe and model fitted Trends (overall) 
Figure 3 compares observed mean early childbearing prevalence with model-fitted estimates, showing that the empirical trends and fitted values are highly consistent. This concordance provides visual confirmation that the model can extract underlying patterns without overfitting. The very slight discrepancy between the actual and fitted curves for certain periods reflects the ability to remove short-run fluctuations but preserve long-run patterns. The relevance of this number lies in its being another methodological achievement of the article, in that the multilevel design, combined with the respective models for the distribution, enables stable, interpretable trends.
In contrast to descriptive smoothing-only methods, the fitted values presented in Figure 3 are based on a theoretically sound statistical structure. They would be more useful for prognostication and monitoring. This is directly applicable to SDG monitoring systems that need practical trend estimation to be accountable.
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Figure 4: Model-Fitted Trends in the World Bank Income Group (2024)
Figure 4 decomposes trends that have been model-fitted by World Bank income group, showing sharp and enduring differences in early childbearing trajectories. The level of fitted prevalence and prevalence volatility are always higher in low-income countries than in high-income countries, and the prevalence pattern is lower and more consistent. Middle-income populations are in a transitional state, with mixed evidence of convergence and ongoing diversity.
The original aspect of this analysis is highlighted by describing income-specific dynamic pathways calculated using a single multilevel beta model rather than separate subgroup regressions or descriptive plots. This strategy enables one to compare the dynamics of time across income groups directly and to account for common variance and uncertainty. The acute deviation in Figure 4 justifies the call for varying policy actions in line with limited national capacity and resources, in direct tandem with SDG 1 (No Poverty), SDG 3, and SDG 5. It further emphasises the need to make a long-term investment in teenage reproductive health in low-income areas to avoid increasing inequities in the world.
When combined, the tenets of Tables 1-3 and Figures 1-4 show that the research contributes to the literature on early childhood bearers at both the substantive and methodological levels. Through a multilevel beta regression model, the analysis overcomes traditional constraints associated with outcome boundedness, hierarchical data structure and inequality modelling. The results indicate a subtle downward trend, in addition to the stable, structural inequalities presented, which provide a more viable foundation for designing and evaluating policy. This way, the study will provide a new analytical template for future cross-national reproductive health studies based on harmonised survey data.
This study presents a rigorously methodological evaluation of early childbearing using harmonised cross-national survey data and a multilevel beta regression model that explicitly accounts for the limited and hierarchical nature of the outcome. The original and most significant result is a statistically significant, prolonged decline in the prevalence of early childbearing over time. The temporal effect is also harmful and strong, even after controlling for income group, residence, and wealth level, indicating that the global trend toward lower adolescent fertility is not solely due to changes in composition across countries and survey sources. The result supports previous descriptive literature on declining adolescent fertility and extends it by showing that the decline persists under a distributionally suitable, inequality-sensitive modelling approach.
The second important finding is that strong socioeconomic gradients of births persisted. Low-income countries have considerably better-off reference groups with much lower rates of early childbearing, demonstrating the long-lasting influence of structural economic factors on the development of adolescent reproductive outcomes. Even though some middle-income groups show attenuated effects, the overall income gradient remains clear, indicating incomplete convergence in development levels. Importantly, these gaps persist when focusing on within-country inequalities, indicating that emphasising economic development alone is not enough to reduce the risk of early childbearing.
The third significant result concerns within-country inequality patterns. Low wealth and rural residence are consistently associated with high rates of early childbearing, whereas urban residence and high-wealth quintiles exhibit strong protective effects. These effects, and especially their effects on the poorest and the richest groups, demonstrate that household-level socioeconomic position has an effect at least as significant as national income classification. The simultaneous modelling of residence and wealth levels within a multilevel framework provides new evidence that early childbearing is conditioned by the interaction of inequalities at both macro and micro levels.
A fourth significant conclusion is the presence of unobserved heterogeneity across regions and countries. The amount of variance in the random effects at the regional and country levels is a strong indicator that aspects of context, not captured by covariates, influence early childbearing. This study seeks to reveal what is not accounted for in models using both pooled and fixed effects. These models reduce variance by treating unestimated variance rather than accounting for it within their respective contexts. The additional calculation of variance components at the country and regional levels is an improvement in research methodology, as it provides more insight into localisation and irregular trends in early childbearing. Lastly, the model fit and the closeness between the data trends and the model fit indicate that the multilevel beta regression model is far better at describing early child delivery than the traditionally used linear or binary models. In addition, estimates yield ideal results in trend analysis and policy-related inequality analyses due to the bounding nature of dependent variables and the clustering phenomenon.

Conclusion
The empirical investigation is a significant contribution to the empirical research on early childbearing by utilising harmonised international survey data and a multilevel beta regression framework that directly addresses the significant statistical shortcomings of the current body of research. The results affirm that early childbearing has decreased over the years, but it is highly stratified by national income, place of residence, and household wealth. These chronic disparities suggest that development in the world has not been even or that a large group of the population still has a high risk of preterm birth.
From the methodological perspective, this study finds that treating early childbearing as a constrained proportion in a hierarchical model is more likely to produce valid inferences than the conventional method. This is because this method is more extensive in its analysis, focusing on data trends and contextual heterogeneity. Additionally, this method accounts for data gradients. This method provides a template that can be repeated in future cross-national studies of reproductive health and other proportion-based outcome measures, based on complex survey data.
Implications of the policy are evident. Declines in the number of premature births in line with the internationally agreed development agendas will necessitate special, equity-based interventions with emphasis on rural communities and disadvantaged households in terms of socioeconomics, especially those in low-income environments. Investing in the education of girl children, providing reproductive health services, and protecting one’s social life in programs are the areas that need emphasis in implementing sustainable developments. In addition, the high heterogeneity observed across regions and countries in this study further emphasises that each country warrants a custom-made solution.
In conclusion, this study defines the divide between rigour and relevance in methodology and policy, thereby making a practical contribution to the movement towards achieving objectives in health, education, and gender equity. From its findings, it indicates the importance of avoiding country means by using inequality-focused models at the level to guarantee that collective advances in ARH are sustained and overarching.
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