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Abstract

The fertility rate of a married woman can be measured by the length of the first birth interval

(FBI). This length is influenced by some significant factors. Better knowledge about the fac-

tors affecting the birth interval can help in controlling population growth and fertility progress.

The main focus of this study was to compare the performance of Cox-Proportional Hazard

(Cox-PH) and the parametric Accelerated Failure Time (AFT) model in assessing the impact

of significant factors affecting the time to FBI of ever-married Bangladeshi women. Informa-

tion of 14941 women having at least one birth was included in this study from the most

recent nationally representative data 2017–18 Bangladesh Demographic and Health Survey

(BDHS). We used the Cox-PH model and AFT model under various parametric forms of

survival time distributions (Weibull, Exponential, and Log-normal distribution) to measure

the effect of factors influencing FBI. And then, a respective Akaike information criterion

(AIC) was calculated for selecting the best-fitted model. According to the AIC and BIC val-

ues, the log-normal model fitted better than other AFT models. Based on the log-normal

model, women’s age and age at first marriage, maternal and paternal education, contracep-

tive use status, used anything to avoid pregnancy, sex of household head, and spousal age

difference had a significant association with FBI of ever married Bangladeshi women. The

parametric AFT model (log-normal distribution) was a better fitted model in evaluating the

covariates associated with FBI of ever-married Bangladeshi Women. Higher education, the

right age at marriage, and proper knowledge about family planning (i.e., contraception use)

should be ensured for every married person to control the gap of the first birth.

Introduction

The time between two successive live births is referred to as the birth interval. And the time

between marriage to first birth is known as the first birth interval (FBI). The mean age where
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the woman conceives their first kid especially is of great interest to researchers and the general

public. A woman’s first childbirth symbolizes the beginning of her parenting journey. It

already has a strong association with fertility, which influences every woman’s future survival.

The time of life under which a woman starts reproducing has to control the number of babies

during herbirth through the entire reproductive phase or reproductive longevity. As a result,

the maternal age at first birth affects the size and fertility rate that might have had in the whole

lifetime, which also impacts the population’s size, diversity, and growth prospects [1]. Marriage

to FBI is an actual incidence in the life of women with increasing responsibilities. The FBI has

an impact on the length of successive birth intervals and affects the reproductive pattern of

women [2]. Premature delivery, low birth weight, small gestation period, births, and perinatal

mortality are almost all connected to short intervals [3, 4]. Examining birth intervals provides

insight into birth spacing patterns and maternal, infant, and childhood mortality [5]. Short

birth intervals are characterized as those under two years and have adverse effects on maternal,

perinatal, and neonatal outcomes and child health [6]. However, the precise mechanisms are

poorly understood [7].

On the contrary, short birth intervals are associated with an increased risk of death for the

mother and children. Studies have shown that children born less than 24 months after a previ-

ous sibling also risk poor health [8]. Short birth intervals also threaten maternal health.

According to the Bangladesh Demographic and Health Survey 2017–18 report, birth intervals

are generally long in Bangladesh, with a median interval of 55.7 months [9].

Prolonged breastfeeding and a long period of postpartum amenorrhea are likely to contrib-

ute to the relatively high percentage of births occurring after 24 months or more in Bangladesh

[10]. More than half percent of non-first births occur within three or more years after the pre-

vious birth [9, 11], while only a slight percent of births occur 24–35 months after the previous

birth [9, 12]. Eleven percent of children are born after an interval considered’ too short,’ i.e.,

less than 24 months [13]. A comparison with earlier Bangladesh demographic health surveys

shows that the median birth interval in Bangladesh has increased significantly over time, rising

from 35 months in 1993–1994 to 44 months in 2007, 47 months in 2011, 52 months in 2014,

and 56 months in 2017–18, marking an approximate 56 percent increase between 1993 and

2017–18 [9]. The waiting marriage to first birth signifies a couple’s fertility at an earlier mar-

riage stage. As the first birth is the most welcome event for almost all families in Bangladesh,

there is a slight chance of memory lapse in reporting the date of first marriage and the date of

first birth [14]. Women at first birth in developing countries significantly affect the popula-

tion’s demographic characteristics. Thus, women’s age at practical marriage and age at first

childbirth are proximate determinants of fertility behaviour [15]. Marriage to the FBI was sig-

nificantly different for the age of women at marriage, region, education of women, and mar-

riage cohort in Ethiopia. Previous research has indicated that woman’s education level, age,

place of living, job position, and use of contraceptives all impact the age at which she delivers

childbirth in Indonesia [16]. It should be noted that education level has a considerable impact

on women’s marital decisions. Furthermore, lower-income women are more likely to begin

parenthood earlier, to have more kids and face greater difficulties during birth [16, 17].

Another study found that the spouse’s age and occupation difference had not affected the wed-

ding to the FBI [18]. The determinants of FBI in rural Bangladesh, respondent’s age, age of

women at marriage, family income, and quality of care at the clinic were significant determi-

nants investigated by a previous study [19]. Religious status has a substantial link with the time

to first birth, which is consistent with previous research findings [20]. After a disastrous out-

come of the last delivery, maternal and neonatal mortality is also higher, which is mediated

mainly through short birth intervals [21, 22]. Birth to pregnancy intervals of 18 months had

the most significant neonatal and newborn death rates.
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Months are slightly increased from birth to pregnancy at 18–27 months [23]. The most

updated WHO recommendation for a successful pregnancy is at least two years, translating

to a delivery delay of 33 months when nine months of gestation is used [24, 25]. The Bangla-

deshi guidelines suggest a three-year gap between the previous live birth and the next

attempt at conception, equivalent to a 45-month birth-to-birth interval assuming a nine-

month gestation period [24, 26]. Over the last 30 years, there has been an increase in the

usage of contraception (from 25.3% in 1986 to 52% in 2017–18) [9, 27]. Bangladesh has wit-

nessed significant reductions in fertility and marked increases in the median birth interval,

increasing from 35 months in 1993–1994 to 47 months in 2011 [24]. However, in Bangla-

desh, more than two-thirds of women marry before 18, and the typical age at first birth is

around 18 years [26]. The birth intervals for these young women are only 27 months, and

there are considerable disparities between socio-economic categories, with impoverished,

less schooled women having short periods [28]. The prior sibling’s survival is strongly

linked to the length of the birth gap [7, 22, 29]. Children whose prior sibling died had a

median birth interval 15 months shorter than children whose previous sibling is living,

according to the Bangladesh Demographic and Health Survey 2017–18 (29 and 58 months,

respectively) [9]. In women, even without a diagnosis of polycystic ovarian syndrome, a

higher BMI at age 18 was a predictor of ovulatory infertility. Lower Body mass index at age

18, considered to be obese, is a risk factor for subsequent ovulatory infertility [30]. Mother’s

age at first birth, parity, previous birth interval, mother’s working status, gender composi-

tion of the living children, and mass media are also described as determinants of birth inter-

vals [14, 28, 31].

There are several studies that used only one method of Cox-PH and AFT models [32–34].

Accelerated Failure Time (AFT) models can simply regresses the logarithm of the survival

time over the covariates [35]. And some researches [33, 34] showed AFT model as a good alter-

native to the Cox regression model in the analysis of survival observations. So far, there is no

study using Bangladesh Demographic and Health Survey 2017–18 data that checks PH

assumptions of Cox Proportional Hazard model and exhibits the difference of using Cox and

AFT model for determining the significant factors affecting the timing of the first birth interval

(FBI) [36].

The major goal of this study was to examine if the semi-parametric (Cox-PH) outperforms

parametric AFT models in determining the impact of some key variables on the FBI of ever-

married Bangladeshi women and find the best-fitted model to identify the influential factors

affecting the timing of first birth interval (FBI).

Methods

Study design and data sources

The dataset used to conduct the analysis of this study was taken from 2017-18BDHS. The

dataset included the characteristics of women aged 15–49 years in Bangladesh. It was

directed by the National Institute of Population Research and Training (NIPORT) of the

Ministry of Health and Family Welfare (MOHFW), and a Bangladeshi Research Firm named

Mitra and Associates accomplished the survey. The United States Agency for International

Development (USAID) provided all financial support needed to run the survey. The dataset

is available on the website of the DHS program [37]. An enumeration area (EA) with an aver-

age of about 120 households was considered as a primary sampling unit (PSU) for conduct-

ing the survey. For the sake of collecting data for this study, they used a two-stage stratified

cluster sampling method. They selected 675 EAs (250 EAs in urban areas and 425 in rural

areas) with a probability proportional to the size of EA, in the first stage of sampling. Then
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they made a complete list of households in all chosen EAs for making a sampling frame for

the second stage. In the second stage, a systematic sample of 30 households was selected

from the sampling frame.

In this study, we included only the first birth history of each woman. The FBI is the length

of time between the date of marriage and the date of first live birth. Here, the lengths of time

were calculated by subtracting the date of birth of the first child from the date of first marriage.

We only dealt with ever-married women of Bangladesh who met their first live birth. BDHS

2017–18 contained data of 20127 ever-married women. Among them, 18134 women met their

first childbirth. We excluded women whose birth intervals were less than eight months (cmc).

Because minimum, 37 weeks (8 months) is required to give birth a normal child [38]. After

excluding sterile women (women who didn’t give birth within 15 years after their marriages

were considered as primary sterile), negative birth interval, and missing information, finally,

we included about 14941 women to assess the significant factors affecting the FBI of ever-mar-

ried women in Bangladesh.

Response variable. In this study, the birth interval was the response variable, which can

be defined as the length of time between marriage to first birth measured in months.

Explanatory variables. The explanatory variables which might determine the change in

FBI of women were socio-economic, demographic, health, and environmental factors. Several

predictors were considered in the earlier studies to investigate the essential relative contribu-

tion of different potential risk factors to the change in FBI. We included here women’s age at

first marriage, current age, residence, division, religion, mother’s and partner’s education,

mother’s occupation, contraceptive using status, wealth index, spousal age differences, ever

used anything to avoid getting pregnant, and sex of household as a significant covariates which

were found to be associated with the FBI of women [13, 15, 32, 39–45].

Statistical analysis. As this study included a censored dataset, different methods of sur-

vival analysis were carried out. Initially, a Log-rank test was conducted to compare the survival

between different groups. A popular semi-parametric model (Cox-PH Model) was used to esti-

mate the association between the FBI and other relevant socio-economic and demographic

factors. Moreover, parametric survival models with different baselines (Exponential distribu-

tion, Log-normal distribution, and Weibull distribution) were also examined. We used the

Cox-PH model and three commonly used AFT models (Exponential distribution, Log-normal

distribution, and Weibull distribution) which were used in the earlier studies to determine the

factors affecting the FBI of ever-married women in Bangladesh [13, 32, 46, 47]. The estimation

of the Cox-PH model and three parametric AFT models (Exponential distribution, Log-nor-

mal distribution, and Weibull distribution) were performed by using R-studio version 4.0.5

with packages ‘Survival’ and ‘flexsurv’ respectively.

Cox Proportional Hazard model. Let Yi denote the observed time (either censoring time

or event time) for subject i. Let Ci be the indicator that the time corresponds to an event (i.e. if

Ci = 1 the event occurred and if Ci = 0 the time is a censoring time). Let Xi = {Xi1, . . ., Xip} be

the realized values of the covariates for subject i. The hazard function for the Cox proportional

hazard model has the form-

h t=Xi

� �
¼ h0 tð Þexp b1Xi1 þ b2Xi2 þ . . .þ bpXip

� �
¼ h0 tð Þexp Xi:bð Þ

This expression gives the hazard rate at time t for subject i with covariate vector (explana-

tory variables) Xi. = (x1, x2,. . ., xp)0 is the values of the vector of explanatory variables for a par-

ticular individual, and β = (β1, β2,. . ., βp) is a vector of regression coefficients. The
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corresponding survival functions are related as follows:

S t=Xð Þ ¼ s0 tð Þexp
X

bixi

� �

This model, also known as the Cox regression model, makes no assumptions about the

form of h0(t) (Baseline Hazard) [48].

Parametric Accelerated Failure Time model. Exponential distribution. The exponential

model is the most simplest of all life distribution models with only one parameter [49]. The

exponential model has got a constant hazard rate. The probability that an individual will die

within a small interval of time Δt given that the person has survived up to time t is constant for

any time period. The probability density function of an exponential distribution is given as:

f tð Þ ¼ le� lt; t > 0 and l > 0

The cumulative distribution function denoted as F(t), the probability that an individual has

survived up to time t is given as:

F tð Þ ¼ 1 � e� lt; 0 � t <1

The survival function S(t), the probability that an individual survives beyond time t can be

derived from F(t) as follows:

S tð Þ ¼ P tð Þ ¼ 1 � F tð Þ ¼ e� lt

The hazard function denoted as h(t) is given as:

h tð Þ ¼
f ðtÞ
SðtÞ
¼ l

Log-normal distribution. According to the Log-normal distribution is a very flexible distri-

bution just like the Weibull distribution, therefore it can fit many types of failure data [50].

The two-parameter Log-normal distribution with scale parameter σ and shape parameter

(median time) has a probability density function given as below:

f tð Þ ¼
1

st
ffiffiffiffiffiffi
2p
p exp �

1

2s2
lnt � lntm½ �

2

� �

; 0 < t <1

The survival function is given by:

S tð Þ ¼ 1 � F tð Þ ¼ 1 � �
lnt � lntm

s

� �

F tð Þ ¼
Z t

0

1

st
ffiffiffiffiffiffi
2p
p exp �

1

2s2
lnt � lntm½ �

� �

dx ¼ �
lnt � lntm

s

� �

The hazard rate denoted as h(t) is derived as follows:

h tð Þ ¼
f ðtÞ
SðtÞ
¼

1

st
ffiffiffiffi
2p
p exp � 1

2s2 lnt � lntm½ �
2

� �

1 � �
lnt� lntm

s

� �

Weibull distribution. The exponential distribution is not applicable in some of lifetime data

like biological and social process because it assumes a constant hazard rate. The Weibull distri-

bution is the most flexible and more general distribution, it has got two parameters; one of the

parameters is called the scale parameter and the other the shape parameter [51].
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The probability density function of the Weibull distribution is formulated in a number of

similar forms, but one of the commonly used versions is given by:

f tð Þ ¼
a

t
t
l

� �a

e� t
l; 0 < t <1

Where, λ and α are the scale and shape parameters respectively. The Weibull distribution is a

more general distribution compared to the exponential distribution, because when λ = 1, the

Weibull distribution simplifies to an exponential distribution. The cumulative density function

denoted as F(t) is given as:

F tð Þ ¼ 1 � e�
t
að Þ
l

The survival function S(t) is given as:

S tð Þ ¼ e�
t
að Þ
l

It follows that the hazard rate is given by:

h tð Þ ¼
a

t
t
l

� � a� 1ð Þ

The Weibull model can fit a range of survival data because of its flexibility. When α = 1 the

shape parameter is set to one, the failure rate is a constant. When α� 1, the failure rate is

increasing and when α< 1, we have a decreasing failure rate.

AIC. To compare different parametric models, we used Akaike Information Criterion

(AIC). It is measure of the goodness of fit of an estimated model. The value AIC was calculated

in the following way:

AIC ¼ � 2 Log likelihood þ 2p

Where, p is the number of parameters in the model (model specific and covariates) [52].

BIC. To compare different parametric models, we used Bayesian Information Criterion

(BIC). The value BIC was calculated in the following way:

BIC ¼ � 2 Log likelihoodþ logk ∗ p

Where k is the number of observations and p is the number of parameters in the model

(model specific and covariates).

The estimation of the Cox-PH model and three parametric AFT models (Exponential dis-

tribution, Log-normal distribution, and Weibull distribution) were performed by using R-

studio version 4.0.5 with packages ‘Survival’ and ‘flexsurv’ respectively [53].

Ethics statement. We have used a secondary dataset from the Demographic and Health Sur-

veys (DHS) Program website (https://dhsprogram.com/data/). No ethics approval is required

for this dataset.

Results

There were 14941 respondents for the analysis of this study. Out of the total respondents of

this study, 13257 (88.73%) women had at least one child, and the rest, 1684 (11.27%) were cen-

sored (women without a child until the end of the interview). The average FBI was 47.57

months with a standard error of 0.52 months and a median of 26 months. The women’s aver-

age age was 31.22 ± 0.08 years, and the age at first marriage was 16.19 ± 0.02 years.

PLOS GLOBAL PUBLIC HEALTH Factors associated with time to first birth interval among ever married bangladeshi women

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004062 December 18, 2024 6 / 17

https://dhsprogram.com/data/
https://doi.org/10.1371/journal.pgph.0004062


Here, Table 1 represents the frequency of some demographic characteristics and their KM

estimates (mean ± S.E) for women’s FBI (months) with their respective p-values of the log-

rank test. The results of Table 1 showed that women’s age at first marriage, current age, reli-

gion, occupation, education, status of avoiding pregnancy, contraceptive using status, partner’s

education, wealth index, spousal age difference, residence, and division had a significant

impact on FBI at 1% level of significance. This suggests that the probability of giving first birth

after marriage was significantly different in the group of women whose marital age was less

than 18 years from mothers whose marital age was greater than or equal to 18 years and higher

for mothers whose marital age was greater than or equal to 18 years. Women who were illiter-

ate had a significantly different probability of giving first birth compared to women having pri-

mary, secondary and higher education, and the survival probability was higher for women

having primary, secondary and higher education groups. Women aged less than 21 years old

had a higher probability of delaying their first birth. Similarly, the probability of having a first

birth was higher in women who used contraception than women who did’t use contraception.

There was a significance difference in the probability of giving first birth among women from

different divisions. Women with high wealth index and lower spousal age differences had a

higher probability of delaying their first pregnancy.

Table 1. Demographic characteristics of women and their Kaplan-Meier estimates for the FBI (months).

Covariate No (%) FBI (Months) Log Rank Test p-value

Mean ± SE Median

Age at first marriage(years)

<18 Years 10982(73.50%) 78.75±1.31 28 <0.001

�18 Years 3959(26.50%) 39.81±1.02 24

Religion

Muslim 13492(90.30%) 69.15±1.07 27 <0.001

Non-Muslim 1449(9.70%) 57.41±2.70 24

Mother’s education

Illiterate 2106(14.10%) 46.03±1.36 29 <0.001

Primary 4352(29.10%) 48.99±1.32 25

Secondary and Higher 8483(56.80%) 85.02±1.59 27

Partner’s education

Illiterate 3133(21.0%) 106.41±2.94 32 <0.001

Primary 4670(31.30%) 71.05±1.85 27

Secondary and Higher 7138(47.80%) 49.77±1.06 25

Residence

Urban 5530(37.0%) 71.10±1.70 28 0.019

Rural 9411(63.0%) 66.39±1.24 26

Mother’s occupation

Not-Working 7598(50.90%) 81.86±1.63 27 <0.001

Working 7343(49.10%) 54.73±1.16 26

Mother’s age(Years)

� 20 Years 2096(14.0%) 213.27±4.62 43 <0.001

21 to 30 Years 5416(36.20%) 61.95±1.61 24

>30 Years 7429(49.70%) 39.43±0.55 28

Ever used anything to avoid getting pregnant

No 1565(10.50%) 199.25±5.25 84 <0.001

Yes 13376(89.50%) 53.97±0.87 25

(Continued)
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From Table 2, it can be seen that among 13 covariates, PH assumption meet only for the 4

covariates (religion, residence, sex of household head, and Spousal age difference (Years)) at

5% level of significance. That is most of the covariates didn’t meet the proportional hazard

assumption. The overall global test also suggested that there was an indication

(P-Value = 0.000) of non-proportional hazards over time.

As the PH assumption was violated for the data of this study, we then represented the

parameter estimation of three commonly used AFT models (Weibull distribution, exponential

distribution, and Log-normal distribution) along with CoxPH in Table 3 for identifying the

impact of each parameter on the survival time (FBI). Here we used three AFT models (Weibull

distribution, exponential distribution, and Log-normal distribution) because the AFT model

did’t have any PH assumption.

From Table 3, using the Cox PH model, women’s age at first marriage, current age, educa-

tion, status of avoiding pregnancy, contraceptive use status, partner’s education, spousal age

difference covariates are statistically significant at a 1% level of significance, and the covariate

sex of household head is significant at 5% level of significance. But the covariates of religion,

women’s occupation, residence, division, and wealth index exhibit an insignificant relation-

ship with the FBI.

Moreover, in the case of Weibull, exponential and Log-normal distribution, women’s cur-

rent age, age at first marriage, education, partner’s education, status of avoiding pregnancy,

contraceptive use status, sex of household head, spouse age difference showed significant asso-

ciation with FBI at 1% level of significance. But covariate residence is significantly associated

Table 1. (Continued)

Covariate No (%) FBI (Months) Log Rank Test p-value

Mean ± SE Median

Contraceptive use status

No 5714(38.20%) 107.57±2.18 32 <0.001

Yes 9227(61.80%) 45.02±0.85 24

Sex of household head

Male 13189(88.30%) 68.20±1.08 27 0.150

Female 1752(11.70%) 68.99±2.92 28

Division

Barisal 1655(11.10%) 64.26±2.79 28 <0.001

Chittagong 2060(13.80%) 63.67±2.58 23

Dhaka 2277(15.20%) 75.54±2.77 28

Khulna 2026(13.60%) 70.61±2.69 30

Mymensingh 1646(11.0%) 67.04±2.96 28

Rajshahi 1930(12.90%) 67.59±2.69 29

Rangpur 1858(12.40%) 63.39±2.67 26

Sylhet 1489(10.0%) 61.98±2.93 22

Spousal age difference (Years)

� 5 year 4835(32.40%) 74.60±1.87 29 <0.001

6 to 10 year 5962(39.90%) 68.11±1.60 26

�11 year 4144(27.70%) 60.60±1.74 25

Wealth Index

Poor 5476(36.70%) 60.85±1.48 26 <0.001

Middle 2876(19.20%) 65.56±2.22 26

Rich 6589(44.10%) 74.86±1.63 28

https://doi.org/10.1371/journal.pgph.0004062.t001
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with FBI for only Weibull, with an exponential distribution at a 5% level of significance. But in

the case of Log-normal distribution, the type of place of residence is insignificant.

We calculated the AIC, BIC, and log-likelihood values of the three parametric in Table 4.

AFT models, Weibull, Exponential, and Log-normal distributions to determine the best-fitted

model. The three parametric models, Weibull, Exponential, and Log-normal distribution, had

AIC values of 138066.90, 139693.80, and 135791.80, respectively. And their respective BIC val-

ues are 138878.0, 139996.7, and 138451.6. And Log-normal distribution had the lowest Log-

likelihood value of -67893.92. That means the Log-normal distribution had the lowest Log-

likelihood, AIC, and BIC value among the three models (three parametric AFT models). The

Log-normal distribution was the best-fitted model for FBI of Bangladeshi women.

Finally, we calculated the estimates of hazard ratio with the respective p-value and 95% con-

fidence interval of Log-normal distribution for each covariate associated with FBI. This is rep-

resented in Table 5. Age at first marriage (years) showed a significant positive relationship

with first birth of women at a 1% level of significance. Here, the hazard ratio of less than 1 indi-

cates a longer duration between marriage to first birth, and a hazard ratio of greater than 1

indicates the shorter duration between marriage to the child’s first birth.

Women whose age at first marriage was greater than or equal to 18 years had a 1.19 times

higher hazard of giving first birth after marriage (HR: 1.19, 95% C.I = 1.15–1.24) than women

aged less than 18 years. Women’s education and their partner’s education were positively asso-

ciated with the first birth of women, and this association is significant with a 1% level of signifi-

cance. The women who had primary education (HR: 1.13, 95% C.I = 1.07–1.19) and secondary

and above education (HR: 1.07, 95% C.I = 1.01–1.14) had a higher hazard of having first birth

compared to illiterate women. Women whose husbands had primary educated were 1.2 times

more hazard of having a first birth (HR: 1.19, 95% C.I = 1.14–1.26) and secondary and higher

education were 1.3 times more hazarded of having a first birth (HR: 1.31, 95% C.I = 1.25–1.37)

compared to no educated person. Women aged 21 to 30 Years had a 2.5 times higher hazard of

having a first birth (HR: 2.46, 95% C.I = 2.29–2.63), and women aged greater than 30 years had

a 2.4 times greater hazard of having a first birth (HR: 2.36, 95% C.I = 2.20–2.53) compare to

women aged less than 21 years old. Women who used anything to avoid getting pregnant had

Table 2. Test the proportional hazard assumptions of Cox regression.

Covariates χ2value Df P-Value

Age at first marriage (years) 19.84 1 <0.001

Religion 3.37 1 0.067

Mother’s education 181.03 2 <0.001

Partner’s education 18.90 2 <0.001

Residence 0.33 1 0.566

Mother’s occupation 93.83 1 <0.001

Mother’s age (Years) 1075.11 2 <0.001

Ever used anything to avoid getting pregnant 76.50 1 <0.001

Contraceptive use status 60.03 1 <0.001

Sex of household head 0.36 1 0.54

Division 151.91 7 <0.001

Spousal age difference (Years) 1.87 2 0.394

Wealth Index 9.57 2 0.008

Global Test 1319.27 24 <0.001

Key note: Df Degree of Freedom

https://doi.org/10.1371/journal.pgph.0004062.t002
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Table 3. Results of fitting the Cox Proportional Hazard model (PH) and parametric Accelerated Failure Time (AFT) model.

Covariates PH model Weibull AFT model Exponential AFT model Log-normal AFT model

e β̂ð Þ p-value β̂ p-value β̂ p-value β̂ p-value

Intercept 6.746 0.000 6.657 0.000 5.512 <0.001

Age at first marriage (years)

<18 YearsRef 1.00

�18 Years 1.19 <0.001 -0.27 <0.001 -0.26 <0.001 -0.25 <0.001

Religion

MuslimRef 1.00

Non-Muslim 1.04 0.133 -0.03 0.321 -0.03 0.263 -0.03 0.399

Mother’s education

IlliterateRef 1.00

Primary 1.13 <0.001 -0.16 <0.001 -0.16 <0.001 -0.15 <0.001

Secondary and above 1.07 <0.001 -0.07 0.020 -0.07 0.007 -0.09 <0.001

Partner’s education

IlliterateRef 1.00

Primary 1.19 <0.001 -0.26 <0.001 -0.24 <0.001 -0.24 <0.001

Secondary and above 1.31 <0.001 -0.39 <0.001 -0.37 <0.001 -0.37 <0.001

Residence

UrbanRef 1.00

Rural 1.03 0.083 -0.05 0.024 -0.05 0.009 -0.04 0.101

Mother’s occupation

Not-workingRef 1.00

Working 1.01 0.342 -0.03 0.145 -0.03 0.073 -0.01 0.621

Mother’s age (Years)

� 20 YearsRef 1.00

21 to 30 Years 2.46 <0.001 -1.35 <0.001 -1.29 <0.001 -0.89 <0.001

>30 Years 2.36 <0.001 -1.42 <0.001 -1.38 <0.001 -0.83 <0.001

Ever used anything to avoid getting pregnant

NoRef 1.00

Yes 2.43 <0.001 -1.22 <0.001 -1.15 <0.001 -1.02 <0.001

Contraceptive use status

NoRef 1.00

Yes 1.25 <0.001 -0.34 <0.001 -0.34 <0.001 -0.27 <0.001

Sex of household head

MaleRef 1.00

Female 1.05 0.053 -0.10 <0.001 -0.09 <0.001 -0.01 <0.001

Division

BarisalRef 1.00

Chittagong 1.36 <0.001 -0.33 <0.001 -0.30 <0.001 -0.47 <0.001

Dhaka 1.02 0.449 0.01 0.724 0.02 0.440 -0.07 0.103

Khulna 0.95 0.203 0.07 0.056 0.08 0.021 0.02 0.531

Mymensingh 1.01 0.840 0.00 0.946 0.01 0.806 -0.05 0.262

Rajshahi 0.99 0.994 0.02 0.604 0.02 0.423 -0.03 0.424

Rangpur 1.06 0.105 -0.03 0.458 -0.01 0.631 -0.12 0.004

Sylhet 1.30 <0.001 -0.27 <0.001 -0.243 <0.001 -0.47 <0.001

Spousal age difference (Years)

� 5 (years) Ref 1.00

6 to 10(years) 1.13 <0.001 -0.17 <0.001 -0.17 <0.001 -0.16 <0.001

(Continued)
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2.4 times more hazards to having a first birth (HR: 2.43, 95% C.I = 2.25–2.62) than women

who used nothing. Women’s contraceptive use status had a significant positive association

with first childbirth. Women who used contraception had 1.3 times elevated hazard of having

a first childbirth (HR: 1.25, 95% C.I = 1.20–1.30) than women who did’t use contraception.

Women whose household heads were female had higher odds (HR: 1.05, 95% C.I = 0.99–1.11)

of having a first birth than women who had the male household head. The spousal age differ-

ence was found to be a significant positive factor of FBI. Couples whose age difference was 6 to

10 years were 1.13 times more hazard (HR: 1.13, 95% C.I = 1.09–1.18) to have a first birth and

whose age difference was greater than ten years were 1.2 times more hazard (HR: 1.20, 95% C.

I = 1.15–1.26) to have first birth compared to those couples whose age differences was less

than six years.

Discussion

The main goal of this study was to compare the results of the Cox-PH model and the paramet-

ric accelerated failure time model (AFT) model to analyze the time to the first birth of ever-

married women in Bangladesh and determine the best-fitted model. This study found wom-

en’s current age, age at first marriage, education, partner’s education, status of avoiding preg-

nancy, contraceptive use status, and spousal age difference as a significant predictor of the

timing of first birth of ever married Bangladeshi women.

This study found the median time to first birth after women’s marriage to be 26 months,

which is almost similar to the WHO-recommended median birth interval of greater than 2

years or 24 months [6] and the median age at first birth was 18 years. But another study of Ban-

gladesh also observed a median time to first birth of 25 months for Bangladeshi women [54],

which is different from this present study. A study in Jordan found the median time to first

birth after marriage was 15 months [55], and an analysis of Ghana observed a median time to

Table 3. (Continued)

Covariates PH model Weibull AFT model Exponential AFT model Log-normal AFT model

e β̂ð Þ p-value β̂ p-value β̂ p-value β̂ p-value

�11 years 1.20 <0.001 -0.25 <0.001 -0.24 <0.001 -0.25 <0.001

Wealth Index

PoorRef 1.00

Middle 0.98 0.500 0.02 0.339 0.03 0.233 0.01 0.645

Rich 0.89 <0.001 0.16 <0.001 0.15 <0.001 0.12 <0.001

Key note: RefReference, P-ValueProbability Value, AFTAccelerated Failure Time, PHProportional Hazard

https://doi.org/10.1371/journal.pgph.0004062.t003

Table 4. Comparison of three parametric AFT models.

Model Log-Likelihood AIC BIC

Weibull -69031.44 138066.90 138878.0

Exponential -69845.92 139693.80 139996.7

Log normal -67893.92 135791.80 138451.6

Key note: AICAkaike Information Criterion, BICBayesian Information Criterion

https://doi.org/10.1371/journal.pgph.0004062.t004
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Table 5. Estimates of hazard ratio (95% CI) and P-value of log-normal distribution for FBI according to different

categorical variables.

Variable HR (95% CI) p-value

Age at first marriage (years)

<18 YearsRef 1.00

�18 Years 1.19 (1.15–1.24) <0.001

Religion

MuslimRef 1.00

Non-Muslim 1.05 (0.99–1.11) 0.133

Respondent’s education

IlliterateRef 1.00

Primary education 1.13 (1.07–1.19) 0.000

Secondary and above 1.07 (1.01–1.14) 0.010

Partner’s education

IlliterateRef 1.00

Primary education 1.19 (1.14–1.26) <0.001

Secondary and above 1.31 (1.25–1.37) <0.001

Residence

UrbanRef 1.00

Rural 1.03 (0.99–1.07) 0.082

Respondent’s occupation

Not workingRef 1.00

Working 1.01 (0.98–1.05) 0.342

Respondent’s age(Years)

� 20 YearsRef 1.00

21 to 30 Years 2.46 (2.29–2.63) <0.001

>30 Years 2.36 (2.20–2.53) <0.001

Ever used anything to avoid getting pregnant

NoRef 1.00

Yes 2.43 (2.25–2.62) <0.001

Contraceptive use status

NoRef 1.00

Yes 1.25 (1.20–1.30) <0.001

Sex of household head

MaleRef 1.00

Female 1.05 (0.99–1.11) 0.055

Division

BarisalRef 1.00

Chittagong 1.36 (1.26–1.45) <0.001

Dhaka 1.02 (0.95–1.10) 0.448

Khulna 0.95 (0.89–1.02) 0.202

Mymensingh 1.00 (0.93–1.08) 0.839

Rajshahi 0.99 (0.93–1.07) 0.994

Rangpur 1.06 (0.98–1.13) 0.105

Sylhet 1.30 (1.20–1.40) <0.001

Spousal age difference(Years)

�5 (years) Ref 1.00

6 to 10 (years) 1.13 (1.09–1.18) <0.001

�11 years 1.20 (1.15–1.26) <0.001

(Continued)
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first birth of 24 months (two years) after marriage [43]. The results of these studies are parallel

to the results of this study.

This study’s full model (Table 3) indicated approximately similar results in analyzing the

impact of predictors for both the Cox-PH model and the three parametric AFT models. And

after testing the goodness of fit test for the three parametric AFT models (Table 4), the Log-

normal distribution had the lowest AIC as well as BIC value among all three parametric AFT

models. So Log-normal model was considered as the best-fitted model for analyzing the data

of the FBI. That means the three parametric AFT models (Weibull, Exponential, and Log-nor-

mal) outperformed over the common COX-PH model (Tables 2 and 3). This finding is consis-

tent with the findings of previous studies [32, 33, 46, 56].

The results of the best-fitted model in Table 5 (Log-normal AFT model), in analyzing data

of time to FBI, indicated that respondent’s age at first marriage (greater than equal to 18

years), respondent’s education (primary education and above secondary), partner’s education

(primary education and above secondary), respondent’s age (21 to 30 years and greater than

30 years), used anything to avoid getting pregnant (yes), contraceptive use status (yes), sex of

household head (female), and spousal age difference (6 to 10 years and greater than equal to 11

years) had a significant positive relationship with the FBI of Bangladeshi ever-married women.

These results are consistent with previous studies’ findings [46, 57].

Results of this study showed that respondent’s age at first marriage had a significant nega-

tive influence on the FBI of women. Women who entered into married life before eighteen

years old had a lower likelihood than those who entered into married life at age eighteen and

above, indicating women who married at an older age (at age eighteen and above) had a

shorter duration of FBI than those who marry at a young age (before eighteen years). This

finding is similar to previous research [57].

Respondent’s education and their partner’s education had a negative relationship in analyz-

ing FBI of Bangladeshi ever-married women. Women and their partners having primary, sec-

ondary, and above education had shorter FBI than the uneducated women. These findings are

similar to the findings of earlier studies [18, 45, 55]. This might be because educated women

and their partners spend a lot of time completing the educational part. As a result, they start

their marital life lately. And may wish to give birth their first birth very quickly to cover the

time of their late entry into married life, and they are financially stable enough to give birth to

a child [39, 55].

Respondent’s current age was a significant factor that had a relation with FBI of ever mar-

ried Bangladeshi women. Older women were more likely to have a short duration of giving

their first birth, and the younger women were more likely to have a long birth interval. This

is parallel to the previous study [58]. The reason behind this fact is the deducting nature of

fertility with the increase of maternal age and different physiological disorders of different

ages.

Table 5. (Continued)

Variable HR (95% CI) p-value

Wealth Index

PoorRef 1.00

Middle 0.98 (0.93–1.03) 0.500

Rich 0.89 (0.85–0.94) <0.001

Key note: RefReference, HRHazard Ratio, CIConfidence Interval, P-ValueProbability Value

https://doi.org/10.1371/journal.pgph.0004062.t005
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Contraceptive using status was identified as a significant predictor in analyzing FBI of

ever-married Bangladeshi women. The birth interval was shorter among the women using

any kind of contraceptive method than the women who didn’t use any method of contracep-

tion. These findings are unexpected, but it coincides with the previous studies [41, 42, 55,

59]. This might be the reason that women who didn’t use any method of contraception

might have less education, lower age during the time of their first marriage, and might come

from the countryside [41].

In this study, a higher gap between the age of women and their spouses was found to be

associated with higher early motherhood of women, which is consistent with the previous

studies [40, 44]. This might be a fact that a lower age gap can make a balanced marital relation-

ship between husband and wife, allowing women to make self-decision on family welfare and

family planning like contraceptives [60].

Strength and limitation

The main strength of this study is that it was performed it’s analysis with a large sample size

of a nationally representative secondary dataset Bangladesh Demographic and Health Survey

(BDHS 2017–18). Most of the studies didn’t check the PH assumptions of the Cox-PH model

and didn’t suggest any alternative process if the PH assumption is violated of that model.

Analysis of this study encompassed several potential covariates which exhibited an associa-

tion with FBI of Bangladeshi women. The models which have been used here for the alterna-

tive of the Cox-PH model are widely used analyzing methods. And it has no PH assumption

like the Cox-PH model. Due to the unavailability and missing information of some related

variables, we couldn’t include several potential covariates associated with the FBI of Bangla-

deshi women.

Conclusion

In this study, we checked the PH assumption of the FBI according to different categorical vari-

ables. And we found a violation of the PH model for the FBI data of this study. We applied

three commonly used AFT models (Weibull distribution, Exponential distribution, and Log-

normal distribution). After comparing the goodness of fit of these three AFT models, we

found log-normal distribution as the best-fitted model for this study. The results of best fitted

log-normal AFT model exhibited that women’s age and age at first marriage, maternal and

paternal education, contraceptive use status, used anything to avoid pregnancy, sex of house-

hold head, the spousal age difference had significant associations with FBI of ever married

Bangladeshi women. Women who were educated, older, using a contraceptive method and

having higher spousal age differences had shorter FBI. The Government of Bangladesh should

take the necessary steps to make people more educated and conscious about contraceptive use.

As higher age gap between women and their partners decreases the time of first birth of the

child, there should have the least spousal age gap between women and their partners.
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