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Abstract

Fertility remains a key demographic indicator with implications for population growth and socio-economic development. This study investigates the demographic, socio-economic, and regional determinants of fertility among women of reproductive age in Bangladesh using data from the 2022 Bangladesh Demographic and Health Survey (BDHS 2022). We analyzed data from 19,987 women aged 15–49 years. The outcome variable was the total number of children ever born (TCEB). A Generalized Poisson Regression Model (GPRM) was employed to count data distribution and estimate incidence rate ratios (IRRs) with 95% confidence intervals (CIs). Age was the strongest predictor of fertility, with IRRs increasing steadily across older age groups, reaching 6.34 (95% CI: 5.89–6.82) for women aged 45–49. Higher education levels were significantly associated with reduced fertility; women having higher education had 37% fewer children compared to those with no education (IRR = 0.63, 95% CI: 0.60–0.66). Muslim women, those from rural areas, and currently married or widowed women exhibited significantly higher fertility. Regional disparities were evident as Sylhet and Chattogram had experienced almost 14% higher fertility, while Khulna and Rajshahi had significantly lower rates. Although contraceptive use was positively associated with TCEB, this may indicate reverse causality, where contraception is adopted after reaching the desired family size. The study highlights significant socio-demographic and regional differences in fertility behavior in Bangladesh. These findings emphasize the need for targeted policy interventions that improve access to education and reduce regional fertility disparities, ultimately supporting national and global development objectives.
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1. Introduction

Fertility rate performs a pivotal role in shaping a homeland’s population size and demographic structure (Upadhyay & Bhandari, 2017). Rapid population growth adversely affects socioeconomic development and contributes to child malnutrition. A key demographic indicator, the total number of children ever born (TCEB) to a woman, reflects cumulative fertility and significantly influences population size, structure, and growth. TCEB also provides critical insights into reproductive behavior and healthcare utilization, particularly in developing countries like Bangladesh (Heliyon, 2023; Bongaarts, 2001). Moreover, it serves as a proxy for understanding fertility transition and assessing women’s status in society (Kebede et al., 2019).

Despite Bangladesh’s recent progress toward achieving near-replacement fertility levels, considerable disparities persist across regions and between urban and rural populations. These differences are shaped by socio-demographic and economic factors, including education, household wealth, residence, age, and access to reproductive health services (NIPORT & ICF, 2020; Uddin et al., 2022). Women in rural areas have typically more children than their urban counterparts, primarily due to early marriage, limited access to contraception, and lower educational attainment (Tessema et al., 2021; Heliyon, 2023).

Educational attainment is a major determinant of fertility behavior. Several studies have documented a negative relationship between women's education levels and fertility, as education leads to delayed marriage, greater reproductive health awareness, and improved employment opportunities (Cleland et al., 2013; Channon & Harper, 2020). Similarly, household wealth is inversely associated with fertility; women from poorer households often have more children due to reduced access to health education and family planning services (Feyisetan & Bankole, 2002; Khan et al., 2021). Age is also a significant predictor; older women tend to have higher parity due to prolonged exposure to reproductive risk (Heliyon, 2023). Marital status and employment further influence fertility outcomes; married and unemployed women generally report higher TCEB, often due to social expectations and economic dependency (Tessema et al., 2022). Cultural norms, religious beliefs, and contraceptive prevalence contribute to regional variation in fertility patterns (Rahman et al., 2022).

Fertility behavior has been modeled through various statistical frameworks. For example, Barmby and Cigno (1990) used a sequential probability model, while Sobel and Arminger (1992) applied a nonlinear simultaneous probit model. However, the Poisson model assumes equal mean and variance, an assumption often violated in fertility datasets, which typically display overdispersion or underdispersion (Ibeji et al., 2020). Ignoring such dispersion can lead to biased or invalid inferences. The Generalized Poisson Regression Model (GPRM) provides a robust alternative that accommodates both overdispersed and underdispersed count data. Previous studies, including those by Ratna et al. (2011) and Akib et al., (2024) have applied GPRM to model the number of children ever born in Bangladesh. Kiser and Hossain (2018) employed zero-truncated count models for similar analyses, while Uddin et al. (2022) explored multiple socioeconomic factors influencing TCEB in the country.

Among the world’s most densely inhabited countries, Bangladesh faces serious challenges related to fertility and population dynamics. Understanding spatial heterogeneity in fertility is essential for designing targeted interventions and achieving the Sustainable Development Goals (SDGs), particularly SDG 3 (Good Health and Well-Being) and SDG 5 (Gender Equality). This study intends to investigate regional and urban–rural differences and determine the drivers of TCEB using nationally representative data from the 2022 Bangladesh Demographic and Health Survey (BDHS 2022). Specifically, the study uses the Generalized Poisson Regression Model to quantify how much TCEB varies across regions and between Urban-Rural areas; these quantified differences directly inform resource allocation by identifying which regions or communities need more family planning, maternal care, or reproductive health interventions.

2. Methodology

2.1  Data Source

[bookmark: _Hlk198156075][bookmark: _Hlk198156116]A cross-sectional analytical study design was employed using nationally representative data from the Bangladesh Demographic and Health Survey (BDHS 2022). For this study, a set of 19,987 women of reproductive age (15–49 years) was used, with complete information on socio-demographic characteristics, reproductive history, and fertility-related indicators. Respondents with missing or inconsistent values were removed from the final analysis. 

2.2 Outcome Variable

The dependent variable in this study is the Total Number of Children Ever Born (TCEB), a count variable representing the number of live births a woman has had in her lifetime. As a non-negative integer, this variable is well-suited for a count regression model.

2.3 Independent Variables

Independent variables included key socio-demographic and household characteristics: respondent’s age (in years), education level, place of residence (Rural-Urban), wealth, religion, region, contraceptive use, and current marital status. Variables were recoded and categorized, making them appropriate for modeling.

2.4 Statistical Methods

A count generalized Poisson dependent variable i has the following probability mass function (Famoye, 1993):

;			(1)

,	
				
where, is the vector of covariates and  is the vector of regression parameters.

The mean and variance of the dependent variable  are expressed as follows:

,					(2)

where, the dispersion parameter is denoted by . Depending on the circumstances, the GPRM functions differently: 

(i). when  = 0, it turns to Poisson,
(ii). when  > 0, it states overdispersion,
(iii). when  < 0, it states underdispersion.

The generalized linear model (GLM) has several useful computational properties and can be applied to different kinds of data (Levy, 2012). All statistical analyses, including data cleaning, recoding, and regression modeling, were conducted using R (4.3.2) and IBM SPSS Statistics (23).

3. Results 

We used eight independent variables from the BDHS 2022 datasets, such as respondents’ age (in years), education level, place of residence (Rural-Urban), wealth, religion, region, contraceptive use, and current marital status, which were found to have significant effects on the dependent variable. 



3.1 Demographic Characteristics

Table 1 shows that out of the 19,987 respondents, 64.9% resided in rural areas, while 35.1% were urban residents. According to educational attainment, 13.6% had no formal education, 26.1% had primary education, 45.7% had secondary education, and 14.6% had higher education. In terms of economic status, 42.5% were wealthy, 37.5% were poor, and 20% were middle-income. Most of the respondents were Muslim (89.7%), while 10.3% were non-Muslim. The age distribution showed that most respondents were between 20 and 39 years old, with the highest proportion in the 25–29 age group (17.7%). The lowest representation was among the 15–19 age group (8.2%) and the 45–49 age group (11.1%). Across divisions, Dhaka (15.1%), Chattogram (14.9%), and Khulna (13.0%) had the highest representation, while Rajshahi (12.7%), Rangpur (12%), Mymensingh (10.8%), Barishal (10.6%), and Sylhet (10.8%) had comparatively fewer respondents. Most of the respondents reported that the current use of contraceptives (61.3%), and most were currently married (95%). Only a small proportion were separated (0.9%), widowed (2.7%), and divorced (1.4%).

[bookmark: _Toc197551926]Table 1. 	Socio-Demographic Characteristics of the Respondents Based on BDHS Data (n = 19,987).

	Variables
	Category
	Frequency (%) 

	Place of residence			
	Urban
Rural
	7007 (35.1)
12980 (64.9)

	Education level
	No education
Primary
Secondary
Higher
	2721(13.6)
5207(26.1)
9136(45.7)
2923(14.6)

	Wealth
	Poor
Middle
Rich
	7502(37.5)
3989(20)
8496(42.5)

	Religion
	Non-Muslim
Muslim
	2059(10.3)
17928(89.7)

	Age of respondents
	15-19
20-24
25-29
30-34
35-39
40-44
45-49
	1635(8.2)
3233(16.2)
3539(17.7)
3438(17.2)
3362(16.8)
2561(12.8)
2219(11.1)

	Region
	Barishal
Chattogram
Dhaka
Khulna
Mymensingh
Rajshahi
Rangpur
Sylhet
	2117(10.6)
2983(14.9)
3028(15.1)
2602(13.0)
2156(10.8)
2546(12.7)
2399(12.0)
2156(10.8)

	Contraceptive use
	No
Yes
	7742(38.7)
12245(61.3)

	Current marital status
	Separated
Married
Widowed
Divorced
	181(0.9)
18987(95)
543(2.7)
276(1.4)


[bookmark: _Toc197551927]
Table 2 presents the descriptive statistics of the dependent variable, the total number of children ever born (TCEB). The average number of children ever born was 2.15, with values ranging from 0 to 11 children. The median number of children was 2, and the interquartile range was 1 to 3, suggesting that most women had between 1 and 3 children. To assess whether the data exhibits overdispersion, a condition in count data where the variance exceeds the mean. We calculated the variance of TCEB as 1.99. Since the variance (1.99) is slightly less than the mean (2.15), there is no evidence of overdispersion in the TCEB data. This suggests that a GPRM model is appropriate for further analysis.

Table 2. Descriptive Statistics for Total Children Ever Born among Women Aged 15-49 in Bangladesh

	Variable
	Minimum
	1st Quartile
	Median
	Mean
	3rd Quartile
	Maximum
	(SD)

	Children Ever Born
	0.0
	1.0
	2.0
	2.15
	3.0
	11.0
	1.41
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3.2 Estimation based on Generalized Poisson Regression Model 

Table 3 presents the results of the generalized Poisson regression model investigating factors associated with the number of children born. Age showed a strong positive association, with women aged 45–49 having over 6.341 times higher fertility than the reference group (IRR = 6.341, 95% CI [5.891, 6.825], p-value < 0.001). Education was inversely related to fertility, where primary (IRR = 0.955, 95% CI [0.928, 0.981], p-value < 0.01), secondary (IRR = 0.847, 95% CI [0.823, 0.873], p-value < 0.001), and higher education (IRR = 0.630, 95% CI [0.603, 0.657], p-value < 0.001) were associated with progressively lower fertility rates. Women in the middle (IRR = 0.946, 95% CI [0.921, 0.972], p-value < 0.001) and rich (IRR = 0.917, 95% CI [0.894, 0.940], p-value < 0.001) wealth categories had significantly fewer children compared to the poorest group. Muslim women had a 23.6% higher expected fertility than non-Muslims (IRR = 1.236, 95% CI [1.196, 1.278], p-value < 0.001). Contraceptive use was positively associated with fertility (IRR = 1.277, 95% CI [1.249, 1.305], p-value < 0.001), potentially indicating reverse causality. Married (IRR = 1.263, 95% CI [1.123, 1.422], p-value < 0.001) and widowed women (IRR = 1.295, 95% CI [1.140, 1.471], p-value < 0.001) had higher fertility, while divorced women had lower fertility (IRR = 0.692, 95% CI [0.587, 0.814], p-value < 0.001). Rural residence was associated with a modest increase in fertility (IRR = 1.059, 95% CI [1.036, 1.083], p-value < 0.001). Regionally, Chattogram (IRR = 1.138, 95% CI [1.096, 1.182], p-value < 0.001) and Sylhet (IRR = 1.140, 95% CI [1.095, 1.187], p-value < 0.001) had higher fertility rates, whereas Khulna (IRR = 0.905, 95% CI [0.868, 0.942], p-value < 0.001) and Rajshahi (IRR = 0.869, 95% CI [0.834, 0.905], p-value < 0.001) showed significantly lower fertility. Other divisions showed no significant differences. These findings underscore the influence of demographic, socioeconomic, and regional factors on fertility behaviour.

Table 3. 	Generalized Poisson Regression Model Analysis of Factors Associated with Children Ever Born (TCEB) among Women using BDHS Data (n = 19987)

	Predictors
	Categories
	IRR (exp(B))
	95% CI for IRR

	Intercept
	
	0.341 ***
	[0.296, 0.395]

	Age of respondents

	20-24
	2.274 ***
	[2.109, 2.453]

	
	25-29
	3.550 ***
	[3.301, 3.818]

	
	30-34
	4.405 ***
	[4.098, 4.734]

	
	35-39
	4.871 ***
	[4.533, 5.234]

	
	40-44
	5.577 ***
	[5.185, 5.998]

	
	45-49
	6.341 ***
	[5.891, 6.825]

	Education level

	Primary
	0.955 **
	[0.928, 0.981]

	
	Secondary
	0.847 ***
	[0.823, 0.873]

	
	Higher
	0.630 ***
	[0.603, 0.657]

	Wealth

	Middle class
	0.946 ***
	[0.921, 0.972]

	
	Rich
	0.917 ***
	[0.894, 0.940]

	Religion
	Muslim
	1.236 ***
	[1.196, 1.278]

	Contraceptive use
	Yes
	1.277 ***
	[1.249, 1.305]

	Current marital status


	Married
	1.263 ***
	[1.123, 1.422]

	
	Widowed
	1.295 ***
	[1.140, 1.471]

	
	Divorced
	0.692 ***
	[0.587, 0.814]

	Place of Residence
	Rural
	1.059 ***
	[1.036, 1.083]

	Region

	Chattogram
	1.138 ***
	[1.096, 1.182]

	
	Dhaka
	0.981
	[0.943, 1.020]

	
	Khulna
	0.905 ***
	[0.868, 0.942]

	
	Mymensingh
	1.038
	[0.997, 1.081]

	
	Rajshahi
	0.869 ***
	[0.834, 0.905]

	
	Rangpur
	0.961
	[0.923, 1.001]

	
	Sylhet
	1.140 ***
	[1.095, 1.187]


Note: * p-value< 0.001, IRR-Incidence Rate Ratio

3.4. Regional and Residential Differences

Figure 1 shows the forest plot of Incidence Rate Ratios (IRRs) and 95% confidence intervals (CIs) for region and place of residence, derived from the generalized Poisson regression model predicting the total number of children ever born. Women in Sylhet (IRR = 1.140) and Chattogram (IRR = 1.138) had higher fertility compared to the reference region, while those in Rajshahi (IRR = 0.869) and Khulna (IRR = 0.905) had lower fertility. Rural women also had significantly higher fertility (IRR = 1.059) than urban women. There are clear differences in fertility between regions and residential areas.
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Figure 1. Forest Plot of IRRs for Region and Residence

4. Discussion

This research aimed to investigate the socio-demographic and regional determinants of fertility in Bangladesh by analyzing the total number of children ever born (TCEB) among women aged 15–49 using BDHS 2022 data. Employing the Generalized Poisson Regression Model (GPRM) provided flexibility for addressing potential dispersion in count data. While the distribution did not indicate overdispersion, the GPRM provided a robust framework for modeling TCEB with improved parameter estimation. The findings indicate significant disparities in fertility patterns by age of respondents, education level, wealth, religion, current marital status, place of residence, and contraceptive use. The results confirm that age is a strong and consistent predictor of fertility, with older women exhibiting higher fertility than those ages 15-19, which reflects the cumulative exposure to childbearing over time (Bongaarts, 2001; Ibeji et al., 2020).  

Education had a strong inverse association with fertility. Women with secondary and higher education had significantly fewer children compared to those with no education. This is likely due to delayed marriage, better knowledge of reproductive health, and higher autonomy among educated women, which is consistent with findings from Cleland et al. (2013) and Channon & Harper (2020). Contrary to classical demographic transition theory, women in middle- and high-income households reported slightly lower fertility than those in poorer households, though the difference was modest. This may indicate that wealthier families in Bangladesh are beginning to prioritize smaller family sizes, reflecting evolving economic and social aspirations (Tessema et al., 2021). Religious affiliation was another key determinant of TCEB. Muslim women exhibited significantly higher fertility compared to non-Muslims, which supports previous research showing the influence of religious norms and values on reproductive preferences (Rahman et al., 2022). Interestingly, although contraceptive use showed a positive association with TCEB, this may reflect reverse causality. Women tend to adopt contraception after having several children. This aligns with prior literature indicating that cross-sectional data may not fully capture temporal relationships between fertility and contraceptive behavior (Bongaarts, 2001).

The forest plot highlights substantial regional and residential variations in fertility. Women residing in rural areas had significantly higher fertility than their urban counterparts, likely due to traditional family structures, limited access to family planning, and differences in female employment and education opportunities (Uddin et al., 2022). Among divisions, Sylhet and Chattogram exhibited significantly higher fertility, while Rajshahi and Khulna showed lower fertility levels. These regional disparities may reflect variation in socio-cultural norms, contraceptive availability, health service access, and educational attainment across divisions (Tessema et al., 2021; BDHS, 2022).

5. Conclusion

This study analyzed TCEB among Bangladeshi women aged 15–49 using the BDHS 2022 dataset. Our findings revealed that the TCEB increases significantly with age, with women aged 45–49 having over 6.341 times the fertility rate compared to the youngest group. Education showed a strong inverse relationship with fertility, particularly among those with secondary or higher education. Muslim women, those residing in rural areas, and those currently married or widowed had significantly higher fertility. Although contraceptive use was positively associated with TCEB, this may reflect reverse causality, where women adopt contraception after reaching the desired family size. Regionally, women in Sylhet and Chattogram divisions exhibited significantly higher fertility, while those in Khulna and Rajshahi had lower rates. These disparities emphasize the need for regionally targeted interventions focused on education, access to reproductive healthcare, and culturally sensitive family planning programs to reduce fertility inequality and support Bangladesh’s progress toward SDG targets.
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