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Abstract 

Background  Reducing the under-5 mortality rate (U5MR) to as low as 25/1000 live births globally by 2030 to reach 
the sustainable development goal (SDG) 3.2.1 appears to be a race against time. Amidst this situation, Bangladesh 
experienced stagnancy in U5MR at the beginning of the SDG era. While a comprehensive understanding of this 
stagnancy is crucial, research on stagnancy is scant and limited to investigating the direct effects of the key predictors. 
Therefore, building on the existing evidence, this research investigated the effect of one of the key predictors, parental 
education, on under-5 mortality (U5M) mediated through antenatal care (ANC) and the availability of hand washing 
stations.

Methods  This study conducted weighted mediation analyses using the Bangladesh Demographic and Health Survey 
data from 2011, 2014 and 2017–18, with sample sizes 4,658, 4,367, and 4,826, respectively, and estimated a general-
ised structural equation model. The “nlcom” post-estimation command of STATA was used to obtain the direct effects 
(coefficients), which were then multiplied to estimate the indirect effects for the indirect parallel and sequential 
pathways. The indirect effects were added to obtain the total indirect effect, which was added to the direct effect 
of education to estimate the total effect of education.

Results  This study reveals inconsistent parallel and sequential mediation of parental education’s effect 
across the three surveys. The direct effect of education on U5M reduced over time. The total (parallel and sequential 
combined) mediated effects of either parent’s education on U5M were negative (reduced U5M risk). While the medi-
ated effect of mother’s education on U5M was not significant, the mediated effect of father’s education was sig-
nificant in 2011. The total effect of education (direct and indirect combined) on U5M was negative (reduced U5M 
risk) and significant in 2011. However, the effect reduced over time and changed direction in 2017-18. Since 2011, 
the effects decreased and changed direction to become positive (increased U5M risk) in 2017-18. Due to the weaken-
ing direct effect of education and the opposite nature of the indirect effect, the indirect effect of education appeared 
to be greater than the total effect in 2014 and 2017–18. In 2011, approximately 50% of the total effect of either par-
ent’s education was mediated. However, in 2014 and 2017–18, the proportions were greater than 100%, except for the 
proportion of the mediated effect of father’s education in 2014.

Conclusions  This study reports a weakening and inconsistent mediated effect of both parents’ education on U5M. 
Using existing literature, it also justifies that improving the quality of education and ANC could more effectively 
reduce U5M to achieve SDG 3.2.1. To improve the quality of education, this study recommends updating the school 
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curriculum with a greater emphasis on maternal and child health education. To improve the quality of ANC, it is rec-
ommended that the mandatory use of ANC cards be strictly monitored.

Keywords  Under-5 mortality, Stagnancy, Education, Antenatal care, Handwashing, Mediation analysis

Background
Collective global health initiatives reduced the under-5 
mortality rate (U5MR) by 59% from 93/1000 live births in 
1990 to 37.7/1000 live births in 2019. Still, reducing the 
U5MR to as low as 25/1000 live births globally by 2030 
to reach the sustainable development goal (SDG) 3.2.1 
appears to be a race against time [1, 2]. Contrastingly, as 
a country in the South Asian region, Bangladesh has per-
formed comparatively better in reducing the U5MR. The 
5-year period U5MR decreased by 67% between 1993–94 
and 2017–18 to reach 45/1000 live births, however, the 
reduction rate has not been consistent [3]. Furthermore, 
the proportion of death caused by the leading causes have 
remained the same for almost a decade since 2011; pneu-
monia, birth asphyxia, prematurity and possible serious 
infections claimed almost 60% of the total U5M in 2011 
and in 2017–18 [3].

Returning to the topic of inconsistent mortality reduc-
tion rate, the Bangladesh Demographic and Health Sur-
vey (BDHS) reported a 19% reduction in 1999–2000 as 
opposed to a 6.4% reduction reported in the subsequent 
survey (BDHS 2004). A similar inconsistency in the U5M 
reduction rate was reported in the following decade; a 
13% reduction in the 2014 survey contrary to a sluggish 
2% reduction in the 2017–18 survey [3, 4]. Such incon-
sistencies, primarily dragging reductions in U5MR, are 
threats to the achievement of SDG 3.2.1 [2]. Therefore, 
it is fundamental to understand these sluggish reduc-
tions or stagnancies and take appropriate actions to pre-
vent future stagnancies for an effective under-5 mortality 
(U5M) reduction.

We did not find any Bangladesh-specific study that 
analysed indirect effects of U5M predictors to explain the 
recent stagnancy in U5M. Overall, the foci of the recent 
studies were causes of U5M, effect of sociodemographic 
and health-related factors, such as parental education, 
early marriage, desire for children, C-section and birth 
interval on U5M [5–13]. Mazumder et al. examined the 
stagnancy reported in BDHS 2017–18 using two differ-
ent approaches [14, 15]. One study investigated how the 
direct effects of the key predictors like mother’s age at 
childbirth, parental education, availability of hand wash-
ing stations in the household, or utilisation of antenatal 
care on all-cause U5M changed between the 2011 and 
2017–18 survey periods [15]. The other study investi-
gated the trend in the interplay of the aforementioned 
predictors with the top four causes of U5M in Bangladesh 

during the same period [14]. While these two studies 
explained how the change in the direct effects of these 
key predictors might have been associated with the slug-
gish reduction of U5M, these studies did not shed light 
on the possible contribution of change in the indirect 
effects on U5M [14, 15].

Acknowledging the indirect effects of the factors of 
interest is no less important than acknowledging their 
direct effects to develop effective health interventions. It 
is evident in the literature that the interplay of sociode-
mographic factors related to health is complex, and the 
effect of one factor can influence health outcomes indi-
rectly or through another factor/s too [16–18]. Notably, 
the indirect effect, also known as the mediated effect, has 
often been reported to be larger than the direct effect of 
predictors of interest [16, 19]. Therefore, examining the 
indirect effects of the key predictors identified in the 
studies conducted by Mazumder et  al. can help further 
explain the stagnancy reported in BDHS 2017–18 [3, 14, 
15].

To elaborate, in the context of the stagnancy reported 
in BDHS 2017–18, analysing the pathway mechanisms 
between the key predictors identified by Mazumder 
et  al. and U5M could provide a deeper understanding 
of the stagnancy by determining the underperform-
ing factors on the pathway leading to U5M. Moreover, 
as supported by studies that used mediation analysis, 
knowledge gained by investigating these pathways and 
the change in their effects over time can help tailor inter-
ventions for a more effective U5MR reduction leading to 
the achievement of SDG 3.2.1 [20]. However, uncover-
ing such a pathway’s theoretical and practical evidence-
based framework is critical before investigating one, and 
that can start with further validating the key predictors 
of U5M reported by Mazumder et  al. and the potential 
associations among these [14, 15].

While the majority of U5 (under-5) deaths can be 
prevented with vaccines or other low-cost interven-
tions, parental education also plays a significant role in 
U5M reduction due to its multifaceted influence on the 
society. Accordingly, a study of 175 countries reported 
that more than 50% of the global U5 deaths prevented 
between 1970 and 2009 were attributable to increased 
maternal education [21, 22]. Although the effect size 
was smaller than that of maternal education, each addi-
tional year of paternal education significantly reduced 
the risk of U5M, too: 3.04% for mother’s education and 
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1.57% for father’s education [21, 23]. Owing to the mul-
tifaceted role of education, the literature also supports 
the association of parental education with antenatal 
care (ANC) and handwashing, two well-established 
interventions for U5M prevention [24–28]. It is evident 
that quality ANC and proper handwashing can avert a 
significant proportion of U5 deaths [29–34]. Research 
conducted in the Bangladeshi context, including the 
two studies conducted by Mazumder et  al., altogether 
also supports such associations among education, 
ANC, handwashing and U5M [14, 15, 24–26].

Therefore, it is logical that ANC and handwash-
ing lie on the path between education and U5M in the 
Bangladeshi context, too; parental education improves 
ANC uptake and handwashing practice by improv-
ing health awareness and literacy. Standard ANC pro-
vides counselling on hand washing to pregnant women 
and, in turn, can improve handwashing practices in the 
household of pregnant women [35]. Hence, the effect 
of parental education on child mortality can be medi-
ated sequentially through ANC uptake and then the 
availability of handwashing stations in households. 
It can also be mediated parallelly: parental education 
through ANC to child mortality; and parental educa-
tion through hand washing station to child mortality. 
However, in instances where the quality of education, 
ANC services or handwashing practices are substand-
ard, the mediated effect of parental education on U5M 
may not exist or may become inconsistent.

Undeniably, the pathway from education to U5M 
through ANC and handwashing cannot be the only 
mechanism with the potential to offer significant 
knowledge for bolstering the U5M prevention ini-
tiatives. However, among the few Bangladesh-specific 
studies on child health that investigated mediated 
effect, only one considered U5M as the outcome vari-
able using nationally representative data and used 
maternal autonomy as the exogenous variable [16, 17, 
36]. Therefore, in a context of scant studies on the 
mediated effect of key predictors on U5M, investigat-
ing the pathway from education to U5M through ANC 
and handwashing is relevant. Moreover, the impact of 
parental education, ANC and handwashing on U5M, 
as evident in the current literature, adequately justifies 
investigating the pathway [21, 23, 32, 34]. Furthermore, 
knowledge generated from studying this pathway will 
also guide the testing of other potential pathways (e.g., 
ANC through facility delivery to perinatal survival) in 
the Bangladeshi context [37]. Most importantly, inves-
tigating the mediation pathway between parental edu-
cation and U5M can deepen the understanding of the 
stagnancy of U5MR in Bangladesh that surfaced in the 
2017–18 survey. This knowledge will help strengthen 

the initiatives to achieve SDG 3.2.1, while no such 
studies exist, and the SDG deadline is nearing [2, 3].

At the global level, the findings of this study will pro-
vide new knowledge with the potential to accelerate the 
reduction of U5MR by tailoring interventions related to 
parental education, ANC and handwashing in similar 
contexts. Moreover, the analysis applied in this study may 
also guide studies on other mediation pathways deemed 
important in different country contexts and generate 
valuable knowledge for a faster reduction of U5MR using 
other intervention models.

Methods
Aim
This study aims to investigate the effect of parental 
education on child mortality mediated through ANC 
uptake and the presence of handwashing stations in the 
household across three surveys: BDHS 2011, 2014 and 
2017–18.

Study setting and design
The data used in this study is from Bangladesh, a South 
Asian country with a population of approximately 165 
million, 46% of which  live in urban areas [38]. Media-
tion analyses were conducted using secondary data from 
the BDHS 2011, 2014, and 2017–18. Using a two-stage 
stratified sampling method, these BDHSs selected house-
holds with ever-married women aged 15 – 49  years (12 
– 49  years in 2011). The first stage involved selection of 
enumeration areas/clusters (600 in 2011 and 2014 and 675 
in 2017–18) using probability-proportional-to-size. Then 
a complete household listing was performed in these clus-
ters to create a sampling frame. The second stage involved 
systematic sampling of 30 households from each clus-
ter. These surveys collected information on sociodemo-
graphic characteristics, health, healthcare utilisation and 
birth histories of eligible ever-married women from the 
selected households. This study used the relevant infor-
mation on U5 children in the birth, household and com-
munity data files. The Demographic and Health Survey 
guidelines were used to merge the birth, household and 
community data files using the unique identifier infor-
mation in these files. These merged data were analysed 
separately for each survey. Figure 1 illustrates the sample 
selection process and more details on the survey method-
ology can be found elsewhere [3, 4, 39].

Sample size
The sample sizes were 4,658 children from 4,658 house-
holds, 4,367 children from 4,193 households and 4,826 
children from 4,611 households in the 2011, 2014 and 
2017–18 surveys, respectively.
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Hypothesised theoretical model for mediation
As highlighted in the background section, this study 
builds on two recent studies conducted by Mazumder 
et  al. and other relevant studies to deepen the under-
standing of the stagnancy of U5MR reported in BDHS 
2017–18 [3, 14, 15]. Based on existing evidence, this 
study hypothesised inter-relationships among the par-
ents’ education, ANC utilisation, availability of hand-
washing station and final outcome (child mortality) 
variables (Figs. 2, 3) [24, 25, 28, 30, 33, 40, 41]. Notably, 
in a mediation pathway model, the key predictor variable 
is considered as the exogenous variable (parents’ educa-
tion). The endogenous variable, on the other hand, is any 
variable which can be influenced by the exogenous vari-
able (e.g., ANC, handwashing, child mortality).

Any variable intervening in the pathway between the 
predictor and the outcome is a mediator (e.g., ANC uti-
lisation, availability of handwashing station); a mediator 
is both endogenous, as it can be influenced by the exog-
enous, and exogenous, as it can also affect the outcome. 
In pathways, where the effect of the exogenous variable 
on the outcome can be sequentially mediated through 
multiple variables (mediators), there can be multiple 

endogenous variables. In the three-way sequential path 
this study investigates, education affects ANC uptake, 
ANC uptake affects availability of handwashing sta-
tions and availability of hand washing stations affects 
child health outcome, i.e., U5M. While estimating the 
total mediated effect in this three-way sequential path 
may appear complex, advanced statistical methods and 
statistical software can handle this well. Earlier studies 
that investigated sequential mediation pathways guided 
this study [42–46]. Notably, in sequential mediation, the 
mediator variables can act both as an outcome variable 
and a predictor (Figs. 2, 3; Pathway: a, b, c) [47].

As per the hypothesis, while either parent’s education 
can directly affect child mortality, the effect of their edu-
cation on child mortality can also be separately medi-
ated through ANC utilisation or through the availability 
of handwashing stations in the households, leading to 
parallel mediation (Figs. 2, 3; Pathway: a, f; and Pathway: 
e, c). However, this study acknowledges that the cross-
sectional nature of the BDHS data limits our scope to 
establish causal relationship among the exogenous and 
endogenous variables definitively while the cause-effect 
relationship is plausible.

Fig. 1  Sample selection procedure
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Fig. 2  Pathways of mother’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability

Fig. 3  Pathways of father’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability
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Variables
Studies on the impact of education, ANC, handwashing, 
U5M and the theoretical model for mediation (as illus-
trated above in Figs. 2, 3) guided the selection of a range 
of child and mother-specific, father and household-spe-
cific, community-specific, and health service-specific 
variables, as previously defined in Mazumder et  al. [14, 
15], and used elsewhere [14, 15, 21, 23–25, 28, 30–33, 40, 
41, 48–55].

Endogenous and outcome variables
As indicated earlier, the exogenous and endogenous vari-
ables for this study were selected based on the theoretical 
plausibility of causal relationships (we acknowledge that 
temporal relationship can’t be established using cross-
sectional data) and existing evidence on the relationships. 
Then the bivariate relationship between the predictors 
and outcome variable in the data were examined for final 
selection of the exogenous and endogenous variables. A 
cut-off value of p < 0.1 was used to select the exogenous 
and endogenous variables for GSEM.

The death of a child before its fifth birthday was the 
final binary (0 = alive, 1 = dead) outcome variable in this 
study. Two mediator variables were the availability of 
a hand washing station in the household (0 = available, 
1 = not available) and ANC utilisation status (0 = utilised 
at least one, 1 = utilised none).

Exogenous variables
Mother’s education (0 = no or primary education, 1 = sec-
ondary or higher education) was used as the exogenous 
variable to examine its indirect effect on child mortality 
through the availability of a hand washing station and 
ANC utilisation. Similarly, father’s education (0 = no 
or primary education, 1 = secondary or higher educa-
tion) was used as the exogenous variable to see its indi-
rect effect on child mortality through the same mediator 
variables.

Covariates
Twelve variables were considered as the control variables 
in this study, which was guided by the theoretical model 
[14, 15]. There were three child-specific control vari-
ables—child’s sex (male, female), child’s gestation type 
(singleton, twins or multiples), and child’s age (12 months 
to 3 years and 11 months or younger).

Four variables were mother-specific control variables 
– mother’s age at childbirth (18  years or younger, 19 to 
24 years, 25 to 30 years and 31 years or above), mother’s 
body mass index (normal weight, underweight and over-
weight or obese), mother’s exposure to media (watched 
television, did not watch television) and participation in 
decision-making (some participation, no participation) 

[56]. Three variables—mother’s participation in decisions 
on her own health care, large purchases for the house-
hold and visits to relatives were combined to create a 
composite variable for mother’s overall participation in 
decision-making [17].

Wealth quintile (poorest, poorer, middle, richer and 
richest) was the only household-specific control variable 
in this study. Access roads in the community (good con-
dition, poor condition) and division (Sylhet, Chittagong, 
Dhaka and Mymensingh, Khulna, Rajshahi, Rangpur and 
Barisal) were the two community-specific control vari-
ables. The two health-service-specific control variables 
were birth assistance (medically trained, not medically 
trained) and post-natal care (PNC) utilisation status 
(took PNC, did not take PNC).

Statistical analysis
Both univariate and bivariate analyses were performed 
to explore the dataset and estimate the frequencies. STA-
TA’s ‘svyset’ and ‘svy’ commands were used to account 
for the complex survey design in estimating the weighted 
frequencies. This study used a variance inflation factor 
(VIF) value of 10 based on the existing literature to deter-
mine the variables for the final analysis [57–59]. It did not 
include variables with VIF ≥ 10.

The structure of BDHS data is nested, i.e., there can be 
multiple children from the same mother, mothers can be 
nested within households, and households can be nested 
within the community. Therefore, we first investigated 
the level of clustering using null models, which showed 
that the clustering of U5M at none of these levels (moth-
ers, household, community) was significant. Hence, this 
study conducted a weighted mediation analysis. Bernoulli 
family and logit function were applied to estimate the 
generalised structural equation model (GSEM). GSEM 
is an expansion of Structural Equation Modeling (SEM). 
SEM, a robust statistical method is used to investigate 
complex relationships among factors and can be used to 
test theoretical models by handling multiple equations 
simultaneously. While SEM is applicable only for con-
tinuous outcomes, GSEM can be applied on outcomes 
that are binary, ordered or count in nature. Further detail 
on GSEM method and formula can be found elsewhere 
[60–62].

Weighted mediation analyses using GSEM were con-
ducted separately using 2011, 2014 and 2017–18 data-
sets to estimate the effects of mother’s education on child 
mortality. The same approach was used to estimate the 
effects of father’s education. These six models estimated 
the direct effects between exogeneous and endogenous 
variables, and these direct effects were used to calculate 
the indirect effects using “nlcom” post-estimation com-
mand of STATA. The estimated direct effects were: direct 
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effects of parents’ education on ANC utilisation, avail-
ability of hand washing stations and child mortality; the 
direct effects of ANC utilisation on the availability of 
hand washing stations and child mortality and the direct 
effects of the availability of handwashing stations on child 
mortality (Figs. 2, 3).

After estimating the GSEM models, the “nlcom” post-
estimation command of STATA was used to obtain the 
indirect effects for each indirect pathway (Figs. 2, 3). It is 
important to note that “nlcom” estimates standard errors 
using delta method. Delta method approximates standard 
error appropriately when sample size is large – a key fea-
ture of this study [63, 64]. The direct effects (coefficients) 
of each indirect pathway were multiplied to estimate the 
indirect or mediated effect (multiplicated coefficients) 
of these indirect pathways [16]. The sum of the multi-
plicated coefficients was used to estimate the total indi-
rect effects of the exogenous variables. The total indirect 
effect and the direct effect of the exogenous variable were 
added to estimate the total effect of the exogenous vari-
able. The effects are reported as log odds and their con-
fidence intervals. The mediated proportion of the total 
effect was estimated by dividing the indirect effect by the 
total effect of the exogenous variable. The data analysis 
was performed using STATA 17.0 statistical software 
(StataCorp. 2021. Stata Statistical Software: Release 17. 
College Station, TX: StataCorp LLC.).

Results
Sample characteristics
Table 1 displays the unweighted and weighted frequency 
distributions of the sample characteristics. Overall, there 
was not much variation in the weighted and unweighted 
proportions.

The proportion of deceased children gradually 
decreased in the 2014 and 2017 surveys compared to 
2011. The percentage of male and female children and 
children in different age groups were roughly similar 
across all surveys. Women who completed secondary 
or higher education increased over time; approximately 
54%, 59% and 66% in the 2011, 2014 and 2017–18 sur-
veys, respectively. Father’s secondary or higher educa-
tion showed a similar trend; proportions were roughly 
44%, 47% and 52%, respectively, in these three surveys. 
Approximately 86%, 96% and 97% of households had 
hand washing stations in 2011, 2014 and 2017–18 sur-
veys, respectively. The proportions of mothers who 
reported having utilised at least one ANC from any pro-
vider were roughly 69%, 79% and 92% in the 2011, 2014 
and 2017–18 surveys, respectively.

The unweighted and weighted proportions of the divi-
sion/region-specific samples in Sylhet, Chittagong, 
Dhaka and Mymensingh, and Barisal varied in each 

survey. Among these divisions, maximum variation was 
observed in Sylhet and Barisal. The unweighted propor-
tions of their sample were approximately double the 
weighted proportions consistently across all three sur-
veys. This addresses the purpose of weighting in BDHS: 
to adjust for the probability of selection, correct for 
oversampling or under sampling in regions, and ensure 
that the survey results are representative of the national 
population.

Weighted mediation analysis
Tables  2 present the weighted estimates (mothers and 
fathers) from GSEM. While only the direct effects are 
presented in Table 2, some of the direct effects, the medi-
ated effect, total effect and proportion of the mediated 
effect are presented only in Table 3 (both parents).

Direct effects of education on antenatal care 
utilisation
Table  2 reveals that ANC utilisation was better when 
parents had secondary or higher education than no or 
primary education. However, the direct effect (Figs. 2, 3; 
Pathway: a) of mother’s education decreased marginally 
over time (Table 2; Figs. 4, 5, 6; Pathway: a) whereas the 
effect of father’s education increased marginally (Table 2; 
Figs.  7, 8, 9; Pathway: a). The log odds of not utilising 
ANC were 0.81 (coefficient: -0.81; 95% CI [-1.01, -0.6], 
p < 0.001) units, 0.65 (coefficient: -0.65; 95% CI [-0.88, 
-0.42], p < 0.001) units, and 0.57 (coefficient: -0.57; 95% 
CI [-0.87, -0.27], p < 0.001) units lower in 2011, 2014 and 
2017–18 surveys, respectively, among the mothers with 
secondary or higher education (Table 2; Figs. 4, 5,6; Path-
way a). For comparison, refer to the log odds of not utilis-
ing ANC, for father’s education, as presented in Table 2 
and Figs. 7, 8, 9 (Pathway a).

Direct effects of education on the availability status 
of hand washing station
Tables 2 reveals that, compared to no or primary educa-
tion, father’s secondary or higher education reduced the 
risk (Figs. 2, 3; pathway: e) of not having a hand washing 
station in the household and roughly remained the same 
between 2011 and 2017–18. When the fathers had sec-
ondary or higher education, the log odds of not having a 
hand washing station in the household were 0.17 (coef-
ficient: -0.17; 95% CI [-0.41, -0.08], p > 0.05) units, and 
0.16 (coefficient: -0.16; 95% CI [-0.56, -0.18], p > 0.05) 
units lower in 2011and 2017–18 surveys, respectively 
(Table 2; Figs. 7, 8, 9; Pathway e). For comparison, refer 
to the log odds of not having a hand washing station for 
mother’s education, as presented in Table 2 and Figs. 4, 
5, 6 (Pathway e).
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Table 1  Frequency distribution of the sample characteristics in three surveys

2011 (N = 4658) 2014 (N = 4367) 2017 (N = 4826)

Unweighted 
Sample size

Weighted 
proportions

Unweighted 
Sample size

Weighted proportions Unweighted 
Sample size

Weighted proportions

n (%) (%) n (%) (%) n (%) (%)

Living status of the child

  Alive 4473 (96.03) 96.34 4249 (97.3) 97.33 4717 (97.74) 97.74

  Deceased 185 (3.97) 3.66 118 (2.7) 2.67 109 (2.26) 2.26

Sex

  Male 2376 (51.01) 50.97 2255 (51.64) 52.42 2531 (52.45) 52.31

  Female 2282 (48.99) 49.03 2112 (48.36) 47.58 2295 (47.55) 47.69

Multiple or single

  Single 4613 (99.03) 99.11 4340 (99.38) 99.40 4777 (98.98) 99.01

  Multiple 45 (0.97) 0.89 27 (0.62) 0.06 49 (1.02) 0.99

Age category of child

  12 months to 3 years 2895 (62.15) 62.07 2830 (64.8) 64.59 3007 (62.31) 62.72

  11 months or younger 1763 (37.85) 37.93 1537 (35.2) 35.41 1819 (37.69) 37.28

Highest level of education attended by mother

  No education or primary education 2141 (45.96) 47.73 1772 (40.58) 41.63 1638 (62.31) 33.71

  Secondary or attended higher 2517 (54.04) 52.27 2595 (59.42) 58.37 3188 (66.06) 66.29

Mother’s age during childbirth (years)

  Mean (SE) 23.55 (0.08) 23.45 (0.1) 23.6 (0.09) 23.61 (0.11) 24 (0.08) 23.88 (0.09)

  18 years or younger 721 (15.48) 15.60 734 (16.81) 16.55 637 (13.2) 13.83

  19 to 24 years 2084 (44.74) 45.06 1807 (41.38) 41.59 2062 (42.73) 42.50

  25 to 30 years 1219 (26.17) 26.52 1219 (27.91) 28.10 1417 (29.36) 29.28

  31 years or above 634 (16.61) 12.81 607 (13.9) 13.76 710 (14.71) 14.39

Mother’s Body Mass Index

  Normal weight 2749 (59.02) 60.01 2556 (58.53) 59.61 2970 (61.54) 62.16

  Underweight 1373 (29.48) 29.45 1076 (24.64) 23.92 768 (15.91) 15.19

  Overweight or obese 536 (11.51) 10.54 735 (16.83) 16.47 1088 (22.54) 22.64

Mother’s exposure to media

  Watched television 2838 (60.93) 59.53 2571 (58.87) 58.55 2980 (61.75) 63.43

  Did not watch television 1820 (39.07) 40.47 1796 (41.13) 41.45 1846 (38.25) 36.57

Participation in decision-making

  Some participation 3401 (73.01) 72.48 3177 (72.75) 73.83 4088 (84.71) 84.72

  No participation 1257 (26.99) 27.52 1190 (27.25) 26.17 738 (15.29) 15.28

Highest level of education attended by father

  No or primary education 2586 (55.52) 57.66 2313 (52.97) 53.69 2294 (47.53) 47.57

  Secondary or higher 2072 (44.48) 42.34 2054 (47.03) 46.31 2532 (52.47) 52.43

Wealth quintile

  Poorest 990 (21.25) 22.68 908 (20.79) 21.41 1053 (21.82) 20.89

  Poorer 881 (18.91) 19.95 834 (19.1) 19.07 983 (20.37) 20.58

  Middle 892 (19.15) 19.74 841 (19.26) 19.28 872 (18.07) 19.22

  Richer 945 (20.29) 19.55 917 (21) 20.59 959 (19.87) 20.32

  Richest 950 (20.4) 18.07 867 (19.85) 19.65 959 (19.87) 18.99

Hand wash place in the HH

  Observed 3980 (85.44) 85.56 4162 (95.31) 95.65 4656 (96.48) 96.82

  Not observed or not in the dwelling 678 (14.56) 14.44 205 (4.69) 4.35 170 (3.52) 3.18

Access road to community

  Good condition 3285 (70.52) 67.77 3220 (73.73) 70.76 3985 (82.57) 81.60

  Poor condition 1373 (29.48) 32.23 1147 (26.27) 29.24 841 (17.43) 18.40
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Direct effects of education on U5M
Tables 2 reveals that, compared to the parents’ no or pri-
mary education, parents’ secondary or higher education 
negatively affected (Figs.  2, 3; Pathway: d) child mortal-
ity, i.e., mortality declined. However, this effect decreased 
with time. Furthermore, the effect of mother’s education 
was not statistically significant over the three time peri-
ods. Among the children of mothers with secondary or 
higher education, the log odds of U5M were 0.36 units 
(coefficient: -0.36; 95% CI [-0.82, 0.10], p > 0.05]) and 0.23 
(coefficient: -0.23; 95% CI [-0.72, 0.27], p > 0.05) units 
lower in 2011 and 2017–18, respectively (Table 2; Figs. 4, 
5, 6; Pathway d). For comparison, refer to similar log odds 
of U5M, for father’s education, as presented in Table  2 
and Fig. 7, 8, 9 (Pathway d).

Direct effects of antenatal care utilisation status 
on the availability status of hand washing stations 
and on U5M
No utilisation of ANC was shown to have a signifi-
cant positive effect (increased the risk of having no 
hand washing station) on the unavailability of hand 
washing stations in the household (Table  2; Figs.  2–3; 
Pathway b). While the effect remained roughly same 
in the 2011 and 2014 surveys, it changed direction in 

the 2017–18 survey. However, the effect size was very 
small. GSEM results (Table 2; Figs. 4, 5, 6; Fig. 7, 8, 9; 
Pathway b) showed that the log odds of unavailability of 
hand washing station in the household were 0.28 (coef-
ficient: 0.28; 95% CI [0.05, 0.52], p < 0.05) units, 0.29 
(coefficient: 0.29; 95% CI [-0.18, 0.75], p > 0.05) units 
higher, in 2011, 2014 respectively, when the mother did 
not take ANC. Table 2 and Figs. 4, 5, 6 (Pathway f ) also 
showed that the direct effect of ANC utilisation status 
on U5M was not significant, and the directions of the 
effects were inconsistent across the three surveys. No 
utilisation of ANC was associated with a higher risk of 
U5M in 2011 and 2014. Conversely, it was associated 
with a lower risk in 2017–18.

Direct effects of the availability status of hand washing 
stations on U5M
Table  2 reveals no specific pattern for the direct effects 
(Figs.  2–3; Pathway c) of the availability status of hand 
washing stations on U5M. Compared to the availability of 
handwashing stations, unavailability increased the risk of 
U5M. However, the effect decreased with time, and the 
direction of the effect in 2014 was opposite to the direc-
tion in 2011 and 2017–18 surveys.

Table 1  (continued)

2011 (N = 4658) 2014 (N = 4367) 2017 (N = 4826)

Unweighted 
Sample size

Weighted 
proportions

Unweighted 
Sample size

Weighted proportions Unweighted 
Sample size

Weighted proportions

n (%) (%) n (%) (%) n (%) (%)

Division

  Sylhet 718 (15.41) 7.42 657 (15.04) 9.29 673 (13.95) 7.73

  Chittagong 924 (19.84) 22.78 835 (19.12) 21.84 792 (16.41) 21.03

  Dhaka and Mymensingh 763 (16.38) 30.91 767 (17.56) 35.10 1280 (26.52) 33.64

  Khulna 558 (11.98) 9.64 516 (11.82) 8.07 501 (10.38) 9.17

  Rajshahi 589 (12.64) 13.21 532 (12.18) 10.06 513 (10.63) 11.84

  Rangpur 591 (12.69) 10.58 540 (12.37) 9.83 551 (11.42) 10.86

  Barisal 515 (11.06) 5.45 520 (11.91) 5.82 516 (10.69) 5.73

ANC

  One or more ANC 3227 (69.28) 67.38 3435 (78.66) 78.46 4437 (91.94) 92.05

  No ANC 1431 (30.72) 32.62 932 (21.34) 21.54 389 (8.06) 7.95

Birth assistance

  Medically trained 1616 (34.69) 31.48 1944 (44.52) 43.26 2577 (53.4) 52.91

  Not medically trained 3042 (65.31) 68.52 2423 (55.48) 56.74 2249 (46.6) 47.09

PNC within two months

  Took PNC 2489 (53.43) 51.33 2832 (64.85) 63.46 3178 (65.85) 64.34

  Did not take PNC 2169 (46.57) 48.67 1535 (35.15) 36.54 1648 (34.15) 35.66

SE Standard Error, CI Confidence Interval, Ref Reference group, HH Household, HW Hand Washing, St. Station
*** p < 0.001, **p < 0.01, *p < .05,
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Parallel mediation of education’s effect on U5M 
through antenatal care utilisation status and through the 
availability status of handwashing station
As Table  3 shows, compared to either parent’s no or 
primary education, the effect of their secondary or 
higher education on U5M parallelly mediated through 
ANC utilisation status (Figs.  2–3; Pathways a, f ) was 
negative (reduced U5M risk) but non-significant in 
2011 and 2014. The effects in 2017–18 were opposite 
to the effects in 2011 and 2014. Education’s (father) 
effect on U5M parallelly mediated through the avail-
ability status of handwashing stations was negative and 
reduced across the surveys. Mothers’ education exhib-
ited an inconsistent effect—was negative (reduced 
mortality risk) in 2014 but showed a positive effect 
(Table  3; Figs.  2–3; Pathways e, c) in the other two 
surveys.

Sequential mediation of education’s effect 
on U5M through antenatal care utilisation status 
and the availability status of handwashing station
Table  3 also reveals that the effect of either parent’s 
secondary or higher education sequentially mediated 
through ANC utilisation status and availability status of 
hand washing stations (Figs.  2–3; Pathways a, b, c) was 
inconsistent across the survey years; negative (reduced 
U5M risk) in 2011, and positive in the other two surveys.

Education’s total mediated or indirect effect on U5M
Table  3 reveals that, in 2011 and 2014, compared to no 
or primary education, the total mediated or indirect 
effect of either parent’s secondary or higher education on 
U5M, mediated through ANC utilisation status and avail-
ability status of hand washing stations, was negative, i.e., 
reduced the U5M risk. However, only the effect of father’s 
education in 2014 was statistically significant. The effect 
of either parent’s education in 2017–18 was opposite to 
the effects in 2011 and 2014. Hence, like the direct effects 
of either parent’s education, the indirect effects on U5M 
decreased with time.

Total effect of parents’ education on U5M
Overall, the total effect of father’s education on U5M was 
slightly higher than the total effect of mother’s education 
in 2011 and 2014 (Table 3). The effect of either parent’s 
education was significant in 2011 only. Moreover, the 
effect was inconsistent and became positive (increased 
U5M risk) in 2017–18. The coefficients of the total 
effects of mother’s education in 2011, 2014 and 2017–18 
were -0.67 (95% CI [-1.32, -0.03], p < 0.05),  -0.06 (95% 
CI [-0.82, 0.7], p > 0.05), and 0.19 (95% CI [-0.56, 0.94], 
p > 0.05), respectively. See Table  3 for the total effect of 
father’s education.

Proportions of the mediated effect of parents’ education
Table 3 presents the proportions of the mediated effects. 
The proportions of the effects of education on U5M 
mediated either parallelly or sequentially showed incon-
sistencies. These inconsistent proportions were insuf-
ficient to confer broadly which pathway mechanism 
influenced U5M more than the other. The proportions 
of the total mediated effect were inconsistent across the 
surveys. In 2011, 46% of the total effect of either parent’s 
education was mediated through ANC utilisation and 
availability of hand washing stations in the household. In 
2014 and 2017–18, due to the opposite direction of edu-
cation’s direct and total indirect effect, the proportions 
were greater than 100% except for the proportion of the 
mediated effect of father’s education in 2014.

Discussion
This research used three nationally representative surveys 
to investigate the trend of the mediated effect of parents’ 
education on child mortality in Bangladesh. At a high 
level, this study implies that for a more effective U5M 
reduction, initiatives need to acknowledge the dynamic 
nature of the inter-relationships of relevant factors rather 
than focusing on the performance of the factor/s of inter-
est alone. This argument is congruent with the findings, 
which report both parallel and sequential mediation of 
education’s effect through ANC utilisation and avail-
ability of hand washing stations in households, and a 
gradual reduction in the effect of parents’ education over 
time. This gradual reduction needs to be interpreted by 
acknowledging relevant contextual factors. Firstly, per 
the 2017–18 survey, there was either a rise or stagnancy 
in the rate of child mortality from causes like prematurity, 
birth asphyxia, congenital malformation or birth injuries, 
i.e., causes that often require extensive hospital-based 
care [3, 65]. Secondly, roughly 20% of the Bangladeshi 
pregnant women received 4 + ANC with all the recom-
mended components [3, 66]. Thirdly, practice related 
to standard handwashing can be low amid the presence 
of handwashing facility in a household [67]. Fourthly, 
the quality of school education in Bangladesh requires 
improvement [68, 69]. The following sections will delve 
into these contextual factors to provide a detailed analy-
sis and discussion of the findings and their interplay with 
these factors.

Direct effect of parents’ education on U5M
Our study found that the direct effect of parents’ educa-
tion on child mortality reduced and became non-signif-
icant over time. This means that, in the course of time, 
parents’ education became less effective in reducing 
U5M. What our study reports is not anomalous. Instead, 
it is supported by literature and can be explained using 
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Table 3  Direct effects, indirect effects, total effects and proportion of indirect effects across three surveys

Effects 2011 2014 2017

Mothers Fathers Mothers Fathers Mothers Fathers

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Bivariate analyses

  Unadjusted direct 
effects

    Effect of edu-
cation on mortality

-0.01 (- 0.03,—
0.001)*

-0.01 (-0.02, 0.0002) - 0.01 (-0.02,0.001)* -0.02 (-0.03, -0.003)* -0.01 (-0.02, 0.003) -0.004 (-0.01, 0.003)

    Effect of ANC 
on mortality

0.01 (0.001, 0.03)* 0.01 (-0.003, 0.03) -0.01 (-0.02, 0.01)

    Effect of HW St. 
in the HH on mor-
tality

0.03 (0.01, 0.06)** -0.001 (-0.03, 0.03) 0.004 (-0.02, 0.3)

GSEM

  Adjusted direct 
effects

    Effect of edu-
cation on mortality

-0.36 (-0.82, 0.1) -0.46 (-0.91, -0.002)* 0.08 (-0.53, 0.69) -0.31 (-0.88, 0.27) -0.23 (-0.72, 0.27) -0.19 (-0.63, 0.25)

    Effect of ANC 
on availability 
of HW St. in the HH

0.28 (0.05, 0.52)* 0.29 (-0.18, 0.75) -0.008 (-0.54, 0.53)

    Effect of ANC 
on mortality

0.39 (-0.03, 0.81) 0.24 (-0.31, 0.78) -0.68 (-1.52, 0.17)

    Effect of avail-
ability of HW St. 
in the HH on mor-
tality

0.8 (0.37, 1.23)*** -0.07 (-1.16, 1.02) 0.18 (-0.93, 1.29)

Adjusted indirect 
effect on the avail-
ability of HW St

  Effect of educa-
tion on the avail-
ability of HW 
St. mediated 
through ANC 
uptake

-0.23 (-0.42, -0.03)* -0.12 (-0.24, -0.002) -0.19 (-0.48, 0.11) -0.11 (-0.31, -0.08) 0.01 (-0.3, 0.31) 0.01 (-0.36, 0.38)

  Adjusted indirect 
effects on mortality

  ANC uptakes’ 
effect mediated 
through the avail-
ability of HW st. 
in the HH

0.23 (-0.01, 0.46) 0.23 (0.01, 0.46) -0.02 (-0.33, 0.29) -0.02 (-0.33, 0.29) -0.001 (-0.1, 0.1) -0.001 (-0.1, 0.1)

  Education’s 
effect mediated 
through ANC 
uptake

-0.31 (-0.67, 0.04) -0.17 (-0.36, 0.03) -0.15 (-0.52, 0.21) -0.09 (-0.31, 0.12) 0.38 (- 0.12, 0.89) 0.47 (-0.16, 1.09)

  Education’s 
effect mediated 
through availability 
of HW station

0.18 (-0.03, 0.4) -0.13 (-0.33, -0.07) -0.002 (-0.05, 0.05) - 0.01 (-0.09, 0.08) 0.03 (-0.18, 0.25) -0.03 (-0.23, 0.17)

  Education’s 
effect mediated 
through ANC 
uptake and avail-
ability of HW station

-0.18 (-0.37,—0.01) -0.1(-0.21, 0.2) 0.01 (-0.19, 0.21) 0.01 (-0.11, 0.13) 0.001 (-0.06, 0.06) 0.001 (-0.07, 0.07)
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contextual factors. A recent multi-country study reported 
a weakening association of parental education with child 
health outcomes [70]. Moreover, in our study context, 
a gradual reduction in education’s effect is also possible 
partially due to the shift in the burden of cause-specific 
mortality. In other words, with time, a higher propor-
tion of children died due to causes that largely required 
extensive hospital care. These are probably handled bet-
ter when hospitals are well equipped, and carers like par-
ents have better education, which is also highlighted in a 
recent study conducted in Bangladesh [14]. In contrast, 
if recognised early, mortalities from causes like diarrhoea 
or pneumonia, generally preventable or treatable using 
cost-effective interventions, have reduced remarkably 
during the same period [30, 71].

For example, between 2004 and 2011, U5MR from 
diarrhoea reduced from 7/1000 to 1/1000 live births, as 
opposed to either a rise or stagnation in mortalities from 

birth asphyxia, prematurity or congenital malforma-
tion [39]. Reduction of U5M from diarrhoea was possi-
ble mainly due to mass campaigns that raised awareness 
about diarrhoea and the coverage of cost-effective inter-
ventions, including hand washing [3, 30, 72]. The diar-
rhoea-focused mass campaigns equipped parents with 
school education with the required comprehension to 
recognise the signs of diarrhoea and take necessary 
actions to save the child from dying.

Like diarrhoea, pneumonia-specific mortality rates 
in Bangladesh also reduced remarkably. The rates per 
thousand live births were 18, 12 and 8 in 2004, 2011 and 
2017–18 surveys, respectively [3, 39]. By early detec-
tion, it is possible to treat pneumonia with low-cost oral 
antibiotics, while hospitalisation would be required for 
severe pneumonia cases [73]. Moreover, pneumonia can 
be prevented through immunisation [30, 71]. Due to 
easily accessible antibiotics from drug shops and good 

CI Confidence Interval, Ref Reference group, HH Household, HW Hand Washing, St. Station
*** p < 0.001, **p < 0.01, *p < .05

Table 3  (continued)

Effects 2011 2014 2017

Mothers Fathers Mothers Fathers Mothers Fathers

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Coefficients (95% 
CI)

Proportion of total 
effect mediated 
either parallelly 
or sequentially

  Proportion 
of education’s total 
effect mediated par-
allelly through ANC 
uptake

0.47 (0.004, 0.93)* 0.2 (-0.002, 0.39)* 2.6 (-27.45, 32.64) 0.24(-0.37, 0.84) 2.03 (-4.66, 8.72) 1.88 (-2.27, 6.04)

  Proportion 
of education’s 
total effect medi-
ated parallelly 
through availability 
of HW station

-0.27 (-0.73, 0.19) 0.16 (-0.08, 0.39) 0.04 (-1.01, 1.1) 0.01 (-0.2, 0.22) 0.17 (-0.89, 1.23) -0.12 (-1.08, 0.84)

  Proportion 
of education’s total 
effect sequen-
tially mediated 
through ANC 
uptake and avail-
ability of HW station

0.27 (-0.04, 0.59) 0.11 (0.02, 0.25) -0.23 (-5, 4.55) -0.02 (-0.33, 0.3) 0.004 (-0.29, 0.3) 0.004 (-0.27, 0.28)

  Total indirect 
effect of education

-0.31 (-0.77, 0.14) -0.4 (-0.71, -0.09)* -0.14 (-0.54, 0.25) -0.09 (-0.31, 0.13) 0.42 (-0.14, 0.98) 0.44 (-0.21, 1.09)

  Total effect 
of education (direct 
effect + indirect 
effect)

-0.67 (-1.32, -0.03)* -0.85 (-1.39,- 0.31)** -0.06 (-0.82, 0.7) -0.4 (-0.97, 0.17) 0.19 (-0.56, 0.94) 0.25 (-0.52, 1.01)

  Proportion 
of education’s medi-
ated effect

0.46 (-0.02, 0.95) 0.47 (0.15, 0.79)** 2.42 (-25, 29.83) 0.23 (-0.37, 0.82) 2.21 (-4.63, 9.05) 1.77 (-1.85, 5.39)



Page 16 of 25Mazumder et al. BMC Public Health         (2025) 25:1976 

coverage of the national immunisation programme, it is 
a reasonable assumption that parents with limited years 
of education can still adopt prevention measures or seek 

the required treatment for their child’s pneumonia [3, 
74]. Consistent with our argument, Chopra et al. (2013) 
referred to increased access to primary education as 

Fig. 4  Pathways of mother’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability (survey 2011)

Fig. 5  Pathways of mother’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability (survey 2014)
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one of the key drivers of global pneumonia mortality 
reduction between 2000 and 2011 [71, 72]. However, 
it would be hard for parents with similar education to 

seek appropriate, timely treatment for severe pneumo-
nia that may require hospital-based care. A study con-
ducted in India reported that children of mothers with 

Fig. 6  Pathways of mother’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability (survey 2017–18)

Fig. 7  Pathways of father’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability (survey 2011)
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less than undergraduate level had a 1.5 times higher 
risk of prolonged hospital stay for severe pneumonia 
compared to children from mothers with graduation or 
higher education [75].

Like severe pneumonia, causes of U5M that require 
extensive hospital care (such as birth asphyxia and pre-
maturity) could likely be addressed more effectively with 
a higher level of parental education. A study conducted 

Fig. 8  Pathways of father’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability (survey 2014)

Fig. 9  Pathways of father’s education to U5M mediated through ANC utilisation and/or hand washing station’s availability (survey 2017–18)
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in Bangladesh also reported that mothers with secondary 
and above education were at least 2.5 times more likely to 
seek care from trained providers for sick neonates [76]. 
In the Bangladeshi context, where the quality of school 
education is not up to the mark, it is presumable that 
primary education would fall short of preventing child 
deaths from more complicated causes that are harder 
to recognise and often require hospital care [69]. As 
expected, a recent study conducted in rural Bangladesh 
also reported that parents and other family members had 
poor knowledge, beliefs and practices regarding neonatal 
complications [77].

Direct effect of parents’ education on antenatal care 
uptake
While the direct effects of neither parent’s education 
on U5M were significant in 2014 or 2017–18, educa-
tion’s direct effect on ANC utilisation was consistently 
significant and high across three surveys. The associa-
tion between a couple’s education and ANC uptake is 
rational. Formal education enhances the couple’s capac-
ity to interpret health information from different sources 
and appreciate ANC’s importance, leading them to ANC 
utilisation [78]. Moreover, education may also improve 
ANC uptake through empowerment and financial sta-
bility [79, 80]. Consequently, the literature supports our 
findings and reports a positive association between wom-
en’s or husbands’ education and ANC utilisation [81, 82].

Although the effect of a mother’s secondary or higher 
education on ANC uptake was significantly high in our 
study, the effect steadily decreased over time. A study 
conducted in Ghana also reported a similar trend of edu-
cation’s effect on ANC utilisation [83]. In Bangladesh, 
the reduction in education’s effect on ANC uptake (any 
ANC) could be due to the remarkable reduction in dispar-
ity related to ANC uptake between women with no edu-
cation and women with secondary or higher education. 
For example, in the 2011 survey, women with secondary 
or higher education (93%) were more than twice as likely 
to report ANC utilisation than women with no education 
(40%) [39]. The proportions in the 2017–18 survey period 
were, 73% among the women with no education and 99% 
among the women with secondary or higher education 
[3]. This reduction in disparity probably was also facili-
tated by the country’s effort to increase the coverage of 
ANC services. However, it is essential to be cautious in 
interpreting these statistics as this reduction in disparity 
does not apply to the uptake of quality ANC services, i.e., 
4 + ANC with all the recommended components of ANC. 
In 2017–18, only about 6% of women with no education 
received quality ANC services, as opposed to about 33% 
among women with secondary or higher education [3].

Direct effect of parents’ education on the availability status 
of handwashing station
While the effect of father’s education on the availabil-
ity of hand-washing stations in households remained 
roughly steady, the effect of mother’s education steadily 
increased (i.e., the risk of having no handwashing sta-
tion while mother had secondary or higher education 
decreased) between 2011 and 2017–18. Just as educa-
tion enhances awareness about the importance of utilis-
ing ANC, it similarly improves awareness regarding hand 
hygiene. Awareness related to hand hygiene promotes the 
availability of hand washing stations in the household. A 
study conducted in Ethiopia also reported findings con-
gruent with our research; households headed by a per-
son with secondary education had significantly higher 
odds of having basic hand-washing facilities compared to 
households headed by a person with no education [84]. 
This study reports the effect of household heads’ educa-
tion, whereas our study reports the effect of women’s or 
husband’s education. However, it can be argued that in 
the same household, the effect of any member’s educa-
tion on the availability of a handwashing station would be 
roughly similar.

Direct effect of antenatal care utilisation status 
on the availability status of hand washing station
Our study also reports a significant effect of ANC uptake 
on the availability of handwashing stations in 2011, which 
is also reasonable as counselling on handwashing is a 
component of standard ANC [35]. Although the effect 
size remained similar in 2014, it was not significant, and 
the effect in 2017–18 changed direction (having no ANC 
reduced the risk of having not had washing station). 
Again, the remarkably low coverage (18% per the 2017–
18 survey) of quality ANC, i.e., ANC with all the recom-
mended components, is one of the possible explanations 
[3]. To elaborate, it is likely that ANC contacts that did 
not cover all the recommended components (substand-
ard ANC contacts: 82%) during service provision, did not 
provide counselling on handwashing [3]. The fact that a 
remarkably lower proportion (40%) of women received 
counselling on danger signs of pregnancy complications 
in 2017–18 than in 2014 (57%) supports our argument 
[3]. Furthermore, even if the ANC provider did pro-
vide counselling on handwashing, it was most likely not 
repeated in the subsequent (if received) ANC contacts, 
although repeated counselling in general, is a proven 
intervention for improving healthy practices [85]. Con-
sequently, while the practice related to any ANC uptake 
increased remarkably, a notably small proportion of ANC 
maintained the standard and did not lead to expected 
changes in hand hygiene practices.
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Direct effect of antenatal care on U5M
The quality of ANC also comes into play to explain the 
inconsistency of ANC’s effect on U5M mortality. It is 
likely that U5M would be higher when mothers do not 
receive ANC compared to ANC uptake. Even though the 
effect was not significant, the direction of the effect of no 
ANC utilisation on U5M was in line with the expectation 
in the 2011 and 2014 surveys [4, 39]. Earlier studies con-
ducted during same period reported similar direction of 
ANC on child mortality [86, 87]. In contrast to the direc-
tion in 2011 and 2014 survey, in the 2017–18 survey, the 
direction of the effect of ANC on U5M was the opposite 
– U5M was lower when the mother did not take ANC [3]. 
This unexpected finding possibly makes sense when the 
quality of ANC reported in the 2017–18 survey is consid-
ered. As around 82% of mothers did not receive quality 
ANC, it is possible that a larger proportion of the moth-
ers of the deceased children received substandard ANC 
[3, 26]. Moreover, in the 2017–18 survey, only about 40% 
of women reported being informed about signs of preg-
nancy complications, as opposed to about 57% of women 
in 2014 [3, 4]. It is reasonable to assume that women 
who are unaware of neonatal danger signs may engage in 
poorer health-seeking practices, potentially leading to an 
increased U5M risk [16, 88]. However, it is also possible 
that among those who received ANC, a large proportion 
sought ANC due to having complications during preg-
nancy. Of course, children born to mothers with preg-
nancy complications would have a higher risk of death 
compared to children of mothers who did not seek ANC. 
To add further, a case–control study conducted in a sub-
district of Bangladesh also reported a higher risk of peri-
natal death when mothers sought ANC from a qualified 
provider. The data collection period of this study shares a 
similar timeline with BDHS 2017–18. This case–control 
study also referred to quality of care as one of the pos-
sible explanations for the increased mortality risk associ-
ated with ANC uptake [89].

Direct effect of handwashing station’s availability status 
on U5M
Like ANC, the availability of handwashing stations in the 
household also appeared to have an inconsistent effect 
on U5M across three surveys. The association between 
standard handwashing practice and lower U5M risk is 
well established. However, BDHS does not contain infor-
mation on hand-washing practices. Instead, it contains 
information on the availability of handwashing stations 
in the household, which we used as a predictor of U5M in 
this study. As the availability of handwashing stations is a 
precursor of handwashing, we can argue that the availa-
bility of handwashing stations in the household is a proxy 
of handwashing practice.

In line with our findings, a matched case–control study 
in Ethiopia reported that improper handwashing practice 
was associated with a higher U5M [27]. A randomised 
controlled trial conducted in Pakistan reported that hand-
washing with soap reduced pneumonia cases by 50% and 
diarrhoea cases by 53% among children [32]. As mentioned 
earlier, in recent decades, Bangladesh also has remark-
ably reduced mortalities from these two causes. Therefore, 
a higher risk of child death in households with no hand 
washing stations compared to households with handwash-
ing stations is also not a real surprise. However, the effect 
of hand washing stations on U5M decreased between the 
2011 and 2017–18 surveys. One of the possible explana-
tions could be the shift in mortality causes, i.e., a rise in 
the proportion of causes (prematurity, birth asphyxia, con-
genital, etc.) that have less influence from hand washing 
[14, 90]. Moreover, the literature also suggests that having 
a handwashing station in the household may not always 
translate into proper handwashing practices [67].

Mediated effect of parents’ education on U5M
Our study presents both parallel and sequential media-
tion of education’s effect. The parallel or sequentially 
mediated effects were inconsistent across the surveys 
and thus insufficient to broadly determine which path-
way mechanism influenced U5M more than the other. 
However, this study reports a reduction in the total 
mediated effect (i.e., the  combined effect of the parallel 
and sequential pathway mechanisms); the total mediated 
effect reduced and the direction of the effect changed in 
2017–18. This trend of education’s mediated effect might 
seem unexpected; however, it is understandable when 
considering the direct effects discussed earlier and the 
contextual factors mentioned at the beginning of the 
discussion section. In summary, the gradual increase in 
deaths due to conditions requiring greater medical atten-
tion, the unmet need for improved quality of education, 
unusually low coverage of quality ANC services, and the 
potential failure in converting the availability of hand-
washing stations in households into appropriate hand-
washing practices resulted in a gradual reduction in the 
education’s total mediated effect on U5M. Moreover, 
possibly due to the substandard quality of ANC, includ-
ing a comparatively lower coverage (57% in 2014 vs 40% 
in 2017–18) of counselling on pregnancy complications, 
ANC uptake was associated with an increased U5M risk 
in 2017–18 [3]. Secondary or higher education’s weak-
ening effect, coupled with the negative effect of ANC 
uptake on U5M, changed the direction of the total medi-
ated effect of education and was associated with a higher 
U5M risk. The aforementioned concepts also explain the 
inconsistencies in the parallel or sequentially mediated 
effect of education on U5M.
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However, the limited number of studies investigat-
ing the trend of education’s effect on U5M mediated 
through ANC utilisation status and availability status of 
handwashing stations in households restricts our ability 
to substantiate our findings with existing evidence. Still, 
studies that looked at these paths individually (paral-
lel and sequential paths discussed in this study) broadly 
support the overall findings shared in our study. Previ-
ous studies on predictors of child mortality in Bangla-
desh reported a degrading effect of parental education 
on U5M. Although education was categorised differently 
compared to our study, overall, most of the education 
categories exhibited a reducing effect [91, 92]. The sur-
vey-year-specific findings on the direction of education’s 
effect reported in our study are also in agreement with 
existing findings. Based on an analysis of pooled survey 
data, Khan et al. reported a lower risk of child mortality 
when parents had better education. However, our study 
did not find any significant association between par-
ents’ education (except for 2011 with father’s education) 
and child mortality; this could be due to the differences 
in the methods. For example, Khan et  al. used a differ-
ent approach for sample selection compared to our study 
[93]. Survey-specific studies conducted by Paul et al. on 
BDHS 2017–18 data, and Jamee et al. on multiple indica-
tor cluster survey (MICS) (2019) data reported an effect 
of mother’s education on child mortality, broadly coher-
ent with our study [8, 94].

Overall, existing evidence also supports a degrading 
effect of education on ANC utilisation between 2011 and 
2014, as reported in this study [95]. However, based on 
analysis of MICS (2019), Jamee et al. reported that ANC 
reduced the risk of child mortality, while our analysis of 
BDHS 2017 data found the opposite. This contrast could 
be due to the difference in how ANC services are defined 
in the study; while our study considered ANC from any 
provider, Jamee et al. considered ANC from skilled pro-
viders only [94]. Nevertheless, the inconsistent effect of 
ANC on U5M over time, as our study found, has also 
been interpreted in reference to other comparable stud-
ies mentioned earlier in this discussion Sect. [86, 87, 89]. 
Similarly, the possible mechanism of the reducing effect 
of ANC on the availability of hand washing stations, as 
well as the reducing effect of hand washing stations on 
U5M, as mentioned earlier, are in line with the existing 
evidence [3, 35, 67, 90]. The integration of evidence from 
multiple studies examining different paths of the media-
tion pathway that we investigated helps us to relate the 
broader picture presented by this study – the reduction 
of education’s overall (direct and indirect) effect on U5M 
and the change of its direction due to the inconsistent 
effect of ANC and handwashing.

Policy implications
While this study reports a weakening overall effect of 
both parents’ education on U5M, it also highlights the 
scope of strengthening the programmes and policies 
for U5M reduction by unmasking the underperforming 
areas in the pathway between education and U5M. The 
rising proportion of mortalities from causes that require 
greater medical attention has undoubtedly made the task 
of mortality prevention harder than before. However, 
had the quality of education and ANC improved propor-
tionately with the rise in the proportion of U5M from 
the more complicated causes, the U5M outcomes would 
probably have been better. Meticulous studies aimed at 
understanding how to improve the quality of education 
and ANC could guide the development of effective initia-
tives to effectively reduce U5M, regardless of the causes.

Strengths and limitations of the study
This study is unique as it conducted a weighted media-
tion analysis on three nationally representative surveys to 
unmask the stagnancy of U5M, while studies on stagna-
tion are scant. More importantly, applying existing evi-
dence, our study explains why education and ANC fell 
short over time to have the expected impact on U5M 
reduction. The most significant strength is that it pro-
vides evidence to justify that improving the quality of 
education and ANC could reduce U5M more effectively 
and achieve SDG 3.2.1.

One of the key limitations of this study rests with the 
cross-sectional nature of data, which cannot be used to 
establish a temporal relationship between endogenous, 
exogenous and other predictors. However, the key pre-
dictors, such as parents’ education and ANC uptake, have 
a temporal relationship with U5M, while the availability 
of hand washing stations may not. Another limitation of 
this study also lies with the nature of the dataset; infor-
mation on ANC utilisation was available only for children 
born within three years of the surveys. This limited our 
scope of investigation on how the mediated effect was on 
children older than three years. However, according to 
the combined data of 2011, 2014, and 2017–18 surveys, 
about 98% of the U5 children died within three years of 
birth. Therefore, our analysis still considered the char-
acteristics of almost all the deceased children to report 
its findings. Another limitation related to the dataset—
information on the components of ANC was not avail-
able for all surveys, therefore, binary ANC variable used 
in this study merely represents the number of visits. Fur-
thermore, there may be other unobserved factors/latent 
variables affecting the relationships of exogenous and 
endogenous variables implying the presence of other 
pathways. Not including them in the model could have 
over or under-estimated the effects. Lastly, the scope of 
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our study is limited to the variables available in BDHS 
dataset, while there could be other relevant factors.

Conclusions
This study aimed to investigate parental education’s effect 
on U5M mediated through ANC uptake status and the 
availability status of hand washing stations. The analy-
sis revealed a decreasing and inconsistent effect, par-
tially responsible for the stagnant U5MR reported in the 
2017–18 survey. The declining direct effect of parents’ 
education on U5M highlights the inadequacy of educa-
tion in reducing U5M. It stresses the need to improve the 
quality of education, which has been highlighted in other 
studies, too [68, 69]. Updating the school curriculum to 
achieve better public health outcomes has been recom-
mended in the existing literature [96, 97]. In the context 
of Bangladesh, an updated school curriculum, guided by 
research, with a greater emphasis on maternal and child 
health education could improve the quality of educa-
tion, leading to an effective U5M reduction. Although the 
impact of improved quality of education on U5M may 
not be reflected soon enough to help achieve SDG 3.2.1, 
it will certainly help to achieve relevant post-SDG goals.

As reflected in this study, the quality of ANC services in 
Bangladesh also requires significant improvement. Man-
datory use of ANC cards during ANC services can help 
to improve the quality of ANC services by enhancing the 
accountability of service providers. The national guide-
line in Bangladesh also recommends using ANC cards 
during service delivery [35, 98]. However, the govern-
ment needs to ensure the availability of these cards and 
strictly monitor the use of these cards during ANC ser-
vices [98]. ANC service providers’ mandatory reporting 
to the managers (sub-district, district and division-level 
managers) about the quality of provided ANC services 
can be an integral part of monitoring. To improve the 
accountability of the service providers, scanned copies of 
ANC cards with the service recipient’s signature should 
be made a compulsory part of ANC service reports.

Future studies should investigate other potential path-
ways between predictors and U5M to support develop-
ment of more effective programmes and policies. The 
pathway models should be adjusted for unobserved con-
founders as appropriate according to the literature.

Abbreviations
ANC	� Antenatal Care
BDHS 	� Bangladesh Demographic and Health Survey
GSEM	� Generalised Structural Equation Modeling
PNC	� Postnatal Care
SDG	� Sustainable Development Goal
SEM	� Structural Equation Modeling
U5	� Under 5
U5M 	� Under-5 Mortality
U5MR	� Under-5 Mortality Rate
VIF 	� Variance Inflation Factor

Acknowledgements
The authors thank the Demographic and Health Surveys Program for provid-
ing access to the BDHS datasets.

Authors’ contributions
T.M., I.M., D.A. and T.N. conceptualised this research, developed the methodol-
ogy and arranged the required resources. With guidance from the co-authors, 
T.M. conducted data curation and data analysis and developed the first draft 
of the manuscript. I.M., D.A. and T.N. reviewed the manuscript and provided 
feedback. T.M. addressed those to finalise the manuscript for submission. The 
revised manuscript was approved by all the authors before submission.

Funding
This study is a part of the first author’s PhD thesis, which did not receive any 
specific grant from funding agencies in the public, commercial or not-for-
profit sectors.

Data availability
The dataset(s) supporting the conclusions of this article are available in the 
Demographic and Health Surveys repository, https://dhsprogram.com/Data/.

Declarations

Ethics approval and consent to participate.
The de-identified data from BDHS 2011, 2014 and 2017–18 was accessed 
upon approval from the ICF. As these secondary data were nonsensitive 
in nature, the Research Ethics Committee of the University of Canberra 
exempted this study from the ethical review process (reference:11579).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Health Research Institute, Faculty of Health, University of Canberra, Canberra, 
ACT​ 2617, Australia. 2 School of Medicine and Psychology, College of Science 
and Medicine, Australian National University, Canberra, ACT​ 2601, Australia. 

Received: 15 October 2024   Accepted: 6 May 2025

References
	1.	 Sharrow D, Hug L, You D, Alkema L, Black R, Cousens S, et al. Global, 

regional, and national trends in under-5 mortality between 1990 and 
2019 with scenario-based projections until 2030: a systematic analysis by 
the UN Inter-agency Group for Child Mortality Estimation. Lancet Glob 
Health. 2022;10(2):e195–206.

	2.	 United Nations. SDG Indicators Metadata Repository 2023 [Available 
from: https://​unsta​ts.​un.​org/​sdgs/​metad​ata/.

	3.	 National Institute of Population Research and Training (NIPORT), and 
ICF. Bangladesh demographic and health survey 2017-18. Dhaka and 
Rockville: NIPORT and ICF; 2020.

	4.	 National Institute of Population Research and Training (NIPORT), Mitra 
and associates, and ICF international. Bangladesh demographic and 
health survey 2014. Dhaka and Rockville: NIPORT, Mitra and associates, 
and ICF international; 2016.

	5.	 Uddin MF, Mim SA, Haque MA, Tariquajjaman M, Jabeen I, Latif MB, 
et al. Sociodemographic and maternal health-related factors associ-
ated with mortality among children under three in Bangladesh: an 
analysis of data from Bangladesh Demographic and Health Survey 
2017–18. BMC Public Health. 2024;24(1):3324.

	6.	 Rahman MM, Alam K. The Role of Socio-economic and Female Indica-
tors on Child Mortality Rate in Bangladesh: A Time Series Analysis. 
OMEGA - J Death Dying. 2023;86(3):889–912.

https://unstats.un.org/sdgs/metadata/


Page 23 of 25Mazumder et al. BMC Public Health         (2025) 25:1976 	

	7.	 Khan JR, Biswas RK. Influence of parental education on child mortality 
in Bangladesh: repeated cross-sectional surveys. Biodemography Soc 
Biol. 2020;65(3):214–26.

	8.	 Paul R, Srivastava S, Rashmi R. Examining infant and child death cluster-
ing among families in the cross-sectional and nationally representative 
Bangladesh Demographic and Health Survey 2017–2018. BMJ Open. 
2022;12(6):e053782.

	9.	 Khan GR, Baten A, Azad MAK. Influence of contraceptive use and other 
socio-demographic factors on under-five child mortality in Bangla-
desh: semi-parametric and parametric approaches. Contraception and 
Reproductive Medicine. 2023;8(1):22.

	10.	 Hasan MN, Chowdhury MAB, Jahan J, Jahan S, Ahmed NU, Uddin 
MJ. Cesarean delivery and early childhood diseases in Bangladesh: 
An analysis of Demographic and Health Survey (BDHS) and Multiple 
Indicator Cluster Survey (MICS). PLoS ONE. 2020;15(12):e0242864.

	11.	 Hossain MM, Abdulla F, Banik R, Yeasmin S, Rahman A. Child marriage 
and its association with morbidity and mortality of under-5 years old 
children in Bangladesh. PLoS ONE. 2022;17(2):e0262927.

	12.	 Alam MZ, Islam MS. Is there any association between undesired chil-
dren and health status of under-five children? Analysis of a nationally 
representative sample from Bangladesh. BMC Pediatr. 2022;22(1):445.

	13.	 Wu H. The effect of maternal education on child mortality in Bangla-
desh. Popul Dev Rev. 2022;48(2):475–503.

	14.	 Mazumder T, Mohanty I, Ahmad D, Niyonsenga T. An analysis of cause-
specific under-5 mortality in Bangladesh using the demographic and 
health survey 2011 and 2017–18. BMC Pediatrics. 2024;24(1):572.

	15.	 Mazumder T, Mohanty I, Ahmad D, Niyonsenga T. An explanation of 
the stagnant under-5 mortality rate in Bangladesh using multilevel 
multivariable analysis of three Demographic and Health Surveys. 
Scientific Reports. 2024;14(1). https://​www.​nature.​com/​artic​les/​
s41598-​024-​69924-0.

	16.	 Azad R, Billah SM, Bhui BR, Ali NB, Herrera S, Graft-Johnson Jd, et al. 
Mother’s care-seeking behavior for neonatal danger signs from quali-
fied providers in rural Bangladesh: A generalized structural equation 
modeling and mediation analysis. Front Pediatrics. 2023;10:929157.

	17.	 Abedin S, Arunachalam D. Risk Deciphering Pathways from Women’s 
Autonomy to Perinatal Deaths in Bangladesh. Matern Child Health J. 
2022;26(11):2339–45.

	18.	 Bhowmik J, Apputhurai P, Williams J, Biswas RK. Investigating the role 
of women’s education status and empowerment on accessing skilled 
birth attendance in Bangladesh: A structural equation modelling 
approach. Midwifery. 2024:104140. https://​doi.​org/​10.​1016/j.​midw.​
2024.​104140.

	19.	 Sheikh MA, Abelsen B, Olsen JA. Education and health and well-being: 
direct and indirect effects with multiple mediators and interactions 
with multiple imputed data in Stata. J Epidemiol Community Health. 
2017;71(11):1037–45.

	20.	 Isa A, Loke YK, Smith JR, Papageorgiou A, Hunter PR. Mediational 
effects of self-efficacy dimensions in the relationship between 
knowledge of dengue and dengue preventive behaviour with respect 
to control of dengue outbreaks: a structural equation model of a cross-
sectional survey. PLoS Negl Trop Dis. 2013;7(9):e2401.

	21.	 Gakidou E, Cowling K, Lozano R, Murray CJ. Increased educa-
tional attainment and its effect on child mortality in 175 coun-
tries between 1970 and 2009: a systematic analysis. The lancet. 
2010;376(9745):959–74.

	22.	 World Health Organization. Child mortality (under 5 years) 2022 
[updated 28 January 2022; cited 2024 19 August]. Available from: 
https://​www.​who.​int/​news-​room/​fact-​sheets/​detail/​levels-​and-​trends-​
in-​child-​under-5-​morta​lity-​in-​2020.

	23.	 Balaj M, York HW, Sripada K, Besnier E, Vonen HD, Aravkin A, et al. Parental 
education and inequalities in child mortality: a global systematic review 
and meta-analysis. The Lancet. 2021;398(10300):608–20.

	24.	 Bhowmik J, Biswas R, Woldegiorgis M. Antenatal care and skilled birth 
attendance in Bangladesh are influenced by female education and family 
affordability: BDHS 2014. Public Health. 2019;170:113–21.

	25.	 Rabbi SE, Dey NC. Exploring the gap between hand washing knowledge 
and practices in Bangladesh: a cross-sectional comparative study. BMC 
Public Health. 2013;13:1–7.

	26.	 Akter E, Hossain AT, Rahman AE, Ahmed A, Tahsina T, Tanwi TS, et al. Levels 
and determinants of quality of antenatal care in Bangladesh: Evidence 

from the Bangladesh Demographic and Health Survey. medRxiv. 
2022:2022.05. 31.22275822.

	27.	 Dube L, Taha M, Asefa H. Determinants of infant mortality in community 
of Gilgel Gibe Field Research Center, Southwest Ethiopia: a matched case 
control study. BMC Public Health. 2013;13(1):401.

	28.	 Uwimana G, Elhoumed M, Gebremedhin MA, Qi Q, Azalati MM, Wang 
L, et al. Association between adequacy of antenatal care and neonatal 
outcomes in Rwanda: a cross-sectional study design using the Rwanda 
demographic and health surveys. BMC Health Serv Res. 2023;23(1):1379.

	29.	 Ashraf S, Islam M, Unicomb L, Rahman M, Winch PJ, Arnold BF, et al. Effect 
of Improved Water Quality, Sanitation, Hygiene and Nutrition Interven-
tions on Respiratory Illness in Young Children in Rural Bangladesh: A 
Multi-Arm Cluster-Randomized Controlled Trial. Am J Trop Med Hyg. 
2020;102(5):1124–30.

	30.	 Billah SM, Raihana S, Ali NB, Iqbal A, Rahman MM, Khan ANS, et al. Bangla-
desh: a success case in combating childhood diarrhoea. J Global Health. 
2019;9(2):020803.

	31.	 Kifle M, Yadeta TA, Debella A, Mussa I. Determinants of pneumonia 
among under-five children at Hiwot Fana specialized hospital, Eastern 
Ethiopia: unmatched case-control study. BMC Pulm Med. 2023;23(1):293.

	32.	 Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, et al. 
Effect of handwashing on child health: a randomised controlled trial. The 
Lancet. 2005;366(9481):225–33.

	33.	 Roy S, Haque MA. Effect of antenatal care and social well-being on 
early neonatal mortality in Bangladesh. BMC Pregnancy Childbirth. 
2018;18(1):485.

	34.	 Arunda M, Emmelin A, Asamoah BO. Effectiveness of antenatal care ser-
vices in reducing neonatal mortality in Kenya: analysis of national survey 
data. Glob Health Action. 2017;10(1):1328796.

	35.	 Ministry of Health and Family Welfare. Operational Manual for Maternal 
and Newborn Health Service Accreditation Program. 2022. http://​hospi​
taldg​hs.​gov.​bd/​wp-​conte​nt/​uploa​ds/​2023/​05/​MNH-​Servi​ce-​Accre​ditat​
ion-​Manual_​Clean_​Cor-​14-4-​23.​pdf.

	36.	 Ghosh PK, Das P, Goswam DR, Islam A, Chowdhury S, Mollah MM, et al. 
Maternal characteristics mediating the impact of household poverty 
on the nutritional status of children under 5 years of age in Bangladesh. 
Food Nutr Bull. 2021;42(3):389–98.

	37.	 Pervin J, Moran A, Rahman M, Razzaque A, Sibley L, Streatfield PK, et al. 
Association of antenatal care with facility delivery and perinatal survival–
a population-based study in Bangladesh. BMC Pregnancy Childbirth. 
2012;12:1–12.

	38.	 Bangladesh Bureau of Statistics. Population and Housing Census 2022 In: 
Planning Mo, editor. Dhaka; 2022. https://​bbs.​portal.​gov.​bd/​sites/​defau​
lt/​files/​files/​bbs.​portal.​gov.​bd/​page/​b343a​8b4_​956b_​45ca_​872f_​4cf9b​
2f1a6​e0/​2024-​01-​31-​15-​51-​b53c5​5dd69​2233a​e401b​a0130​60b9c​bb.​pdf.

	39.	 National Institute of Population Research and Training (NIPORT), Mitra 
and associates, and ICF international. Bangladesh demographic and 
health survey 2011. Dhaka and Calverton: NIPORT, Mitra and Associates, 
and ICF International; 2013.

	40.	 Akter T, Hoque D, Chowdhury E, Rahman M, Russell M, Arifeen S. Is there 
any association between parental education and child mortality? A study 
in a rural area of Bangladesh. Public Health. 2015;129(12):1602–9.

	41.	 Dube L, Taha M, Asefa H. Determinants of infant mortality in community 
of Gilgel Gibe Field Research Center, Southwest Ethiopia: a matched case 
control study. BMC Public Health. 2013;13:1–8.

	42.	 An S, Sun S. Serial multiple mediation of perceived professional health-
care support and social structural factors in the relationship between 
care-seeking behavior and perinatal mental health in Chinese mothers. 
BMC Public Health. 2023;23(1):2386.

	43.	 Carroll SJ, Dale MJ, Niyonsenga T, Taylor AW, Daniel M. Associa-
tions between area socioeconomic status, individual mental health, 
physical activity, diet and change in cardiometabolic risk amongst a 
cohort of Australian adults: A longitudinal path analysis. PLoS ONE. 
2020;15(5):e0233793.

	44.	 Soares AG, Howe LD, Heron J, Hammerton G, Rich-Edwards J, Magnus 
MC, et al. How does childhood maltreatment influence cardiovascu-
lar disease? A sequential causal mediation analysis. Int J Epidemiol. 
2022;51(2):555–66.

	45.	 Zugna D, Popovic M, Fasanelli F, Heude B, Scelo G, Richiardi L. Applied 
causal inference methods for sequential mediators. BMC Med Res Meth-
odol. 2022;22(1):301.

https://www.nature.com/articles/s41598-024-69924-0
https://www.nature.com/articles/s41598-024-69924-0
https://doi.org/10.1016/j.midw.2024.104140
https://doi.org/10.1016/j.midw.2024.104140
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-under-5-mortality-in-2020
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-under-5-mortality-in-2020
http://hospitaldghs.gov.bd/wp-content/uploads/2023/05/MNH-Service-Accreditation-Manual_Clean_Cor-14-4-23.pdf
http://hospitaldghs.gov.bd/wp-content/uploads/2023/05/MNH-Service-Accreditation-Manual_Clean_Cor-14-4-23.pdf
http://hospitaldghs.gov.bd/wp-content/uploads/2023/05/MNH-Service-Accreditation-Manual_Clean_Cor-14-4-23.pdf
https://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/b343a8b4_956b_45ca_872f_4cf9b2f1a6e0/2024-01-31-15-51-b53c55dd692233ae401ba013060b9cbb.pdf
https://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/b343a8b4_956b_45ca_872f_4cf9b2f1a6e0/2024-01-31-15-51-b53c55dd692233ae401ba013060b9cbb.pdf
https://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/b343a8b4_956b_45ca_872f_4cf9b2f1a6e0/2024-01-31-15-51-b53c55dd692233ae401ba013060b9cbb.pdf


Page 24 of 25Mazumder et al. BMC Public Health         (2025) 25:1976 

	46.	 Niyonsenga T, Blackson TC, De la Rosa M, Rojas P, Dillon F, Ganapati 
EN. Social support, attachment, and chronic stress as correlates 
of Latina mother and daughter drug use behaviors. Am J Addict. 
2012;21(2):157–67.

	47.	 Albert JM, Nelson S. Generalized causal mediation analysis. Biometrics. 
2011;67(3):1028–38.

	48.	 Huda TM, Tahsina T, Arifeen SE, Dibley MJ. The importance of intersec-
toral factors in promoting equity-oriented universal health coverage: a 
multilevel analysis of social determinants affecting neonatal infant and 
under-five mortality in Bangladesh. Glob Health Action. 2016;9(1):29741.

	49.	 Alam N, Van Ginneken JK, Bosch AM. Infant mortality among twins 
and triplets in rural Bangladesh in 1975–2002. Tropical Med Int Health. 
2007;12(12):1506–14.

	50.	 Das U, Chaplot B, Azamathulla HM. The Role of Place of Delivery in 
Preventing Neonatal and Infant Mortality Rate in India. Geographies. 
2021;1(1):47–62.

	51.	 Khan GR, Baten A, Azad MAK. Influence of contraceptive use and other 
socio-demographic factors on under-five child mortality in Bangladesh: 
semi-parametric and parametric approaches. Contracept Reprod Med. 
2023;8(1):22.

	52.	 Kumar S, Loughnan L, Luyendijk R, Hernandez O, Weinger M, Arnold F, 
et al. Handwashing in 51 Countries: Analysis of Proxy Measures of Hand-
washing Behavior in Multiple Indicator Cluster Surveys and Demographic 
and Health Surveys, 2010–2013. Am J Trop Med Hyg. 2017;97(2):447–59.

	53.	 Huo N, Zhang K, Wang L, Wang L, Lv W, Cheng W, et al. Association of 
maternal body mass index with risk of infant mortality: a dose-response 
meta-analysis. Front Pediatr. 2021;9:650413.

	54.	 Sines E, Syed U, Wall S, Worley H. Postnatal care: A critical opportunity to 
save mothers and newborns. Policy Perspectives on Newborn Health. 
2007;1(7). https://​www.​healt​hynew​bornn​etwork.​org/​hnn-​conte​nt/​uploa​
ds/​Postn​atal-​Care-a-​criti​cal-​oppor​tunity-​works_0.​pdf.

	55.	 Sarkodie AO. Factors influencing under-five mortality in rural-urban 
Ghana: An applied survival analysis. Soc Sci Med. 2021;284:114185.

	56.	 WHO Consultation on Obesity (1999: Geneva, Switzerland) & World 
health organization. Obesity: preventing and managing the global 
epidemic: report of a WHO consultation. World health organization; 2000. 
https://​iris.​who.​int/​handle/​10665/​42330.

	57.	 Ahmed MS, Whitfield KC, Yunus FM. Trends and predictors of early initia-
tion, exclusive and continued breast-feeding in Bangladesh (2004–2018): 
a multilevel analysis of demographic and health survey data. Br J Nutr. 
2022;128(9):1857–67.

	58.	 Belay DG, Kibret AA, Diress M, Gela YY, Sinamaw D, Simegn W, et al. 
Deworming among preschool age children in sub-Saharan Africa: pooled 
prevalence and multi-level analysis. Tropical Med Health. 2022;50(1):74.

	59.	 Sunuwar DR, Singh DR, Chaudhary NK, Pradhan PMS, Rai P, Tiwari K. 
Prevalence and factors associated with anemia among women of repro-
ductive age in seven South and Southeast Asian countries: Evidence from 
nationally representative surveys. PLoS ONE. 2020;15(8):e0236449.

	60.	 Huber C, editor Generalized structural equation modeling using stata. 
Italian STATA users group meeting; 2013. https://​www.​stata.​com/​meeti​
ng/​italy​13/​abstr​acts/​mater​ials/​it13_​huber.​pdf.

	61.	 STATA. Generalised structural equation modeling 2024 [cited 2024 6 
December]. Available from: https://​www.​stata.​com/​featu​res/​overv​iew/​
gener​alized-​sem/.

	62.	 Press S. Structural equation modeling reference manual. Intro. 2015;8:581.
	63.	 MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev Psy-

chol. 2007;58(1):593–614.
	64.	 Reparameterizing M. Remarks and Examples Stata. Com[Google 

Scholar]. https://​cites​eerx.​ist.​psu.​edu/​docum​ent?​repid=​rep1&​type=​pdf&​
doi=​5c3db​d7a0f​d572e​5fc37​06451​06d4e​9f67e​bbf77.

	65.	 Rahman AE, Hossain AT, Siddique AB, Jabeen S, Chisti MJ, Dockrell DH, 
Nair H, Jamil K, Campbell H, El Arifeen S. Child mortality in Bangladesh 
- why, when, where and how? A national survey-based analysis. J Glob 
Health. 2021;11:04052. https://​doi.​org/​10.​7189/​jogh.​11.​04052.

	66.	 National Institute of Population Research and Training (NIPORT), ICF. 
Bangladesh Demographic and Health Survey 2022: Key Indicators Report. 
2023.

	67.	 Wichaidit W, Biswas S, Begum F, Yeasmin F, Nizame FA, Najnin N, et al. 
Effectiveness of a large-scale handwashing promotion intervention on 
handwashing behaviour in Dhaka. Bangladesh Tropical Med Int Health. 
2019;24(8):972–86.

	68.	 Alam MJ, Haque A, Banu A. Academic supervision for improving quality 
education in primary schools of Bangladesh: Concept, issues and implica-
tions. Asian J Educ Soc Stud. 2021;14(4):1–12.

	69.	 Mamun-ur-Rashid M. Quality of government secondary school services in 
regional Bangladesh. Heliyon. 2023;9(1). https://​www.​cell.​com/​heliy​on/​
fullt​ext/​S2405-​8440(22)​03962-7.

	70.	 Karlsson O, De Neve J-W, Subramanian S. Weakening association of 
parental education: analysis of child health outcomes in 43 low-and 
middle-income countries. Int J Epidemiol. 2019;48(1):83–97.

	71.	 Chopra M, Mason E, Borrazzo J, Campbell H, Rudan I, Liu L, et al. Ending of 
preventable deaths from pneumonia and diarrhoea: an achievable goal. 
The Lancet. 2013;381(9876):1499–506.

	72.	 Gill CJ, Young M, Schroder K, Carvajal-Velez L, McNabb M, Aboubaker S, 
et al. Bottlenecks, barriers, and solutions: results from multicountry con-
sultations focused on reduction of childhood pneumonia and diarrhoea 
deaths. The Lancet. 2013;381(9876):1487–98.

	73.	 Organization WH. Revised who classification and treatment of childhood 
pneumonia at health facilities, 2014. Geneva: WHO; 2021.

	74.	 Matin MA, Khan WA, Karim MM, Ahmed S, John-Langba J, Sankoh OA, 
et al. What influences antibiotic sales in rural Bangladesh? A drug dis-
pensers’ perspective. J Pharm Policy Pract. 2020;13(1):20.

	75.	 Tiewsoh K, Lodha R, Pandey RM, Broor S, Kalaivani M, Kabra SK. Factors 
determining the outcome of children hospitalized with severe pneumo-
nia. BMC Pediatr. 2009;9:1–8.

	76.	 Chowdhury SK, Billah SM, Arifeen SE, Hoque DME. Care-seeking practices 
for sick neonates: findings from cross-sectional survey in 14 rural sub-
districts of Bangladesh. PLoS ONE. 2018;13(9):e0204902.

	77.	 Abdullah ASM, Dalal K, Yasmin M, Ussatayeva G, Halim A, Biswas A. Per-
ceptions and practices on newborn care and managing complications 
at rural communities in Bangladesh: a qualitative study. BMC Pediatr. 
2021;21(1):168.

	78.	 Raru TB, Ayana GM, Zakaria HF, Merga BT. Association of Higher Educa-
tional Attainment on Antenatal Care Utilization Among Pregnant Women 
in East Africa Using Demographic and Health Surveys (DHS) from 2010 to 
2018: A Multilevel Analysis. Int J Women’s Health. 2022;14:67–77.

	79.	 Corroon M, Speizer IS, Fotso J-C, Akiode A, Saad A, Calhoun L, et al. The 
Role of Gender Empowerment on Reproductive Health Outcomes in 
Urban Nigeria. Matern Child Health J. 2014;18(1):307–15.

	80.	 Dankwah E, Zeng W, Feng C, Kirychuk S, Farag M. The social determinants 
of health facility delivery in Ghana. Reprod Health. 2019;16(1):101.

	81.	 Kumar G, Choudhary TS, Srivastava A, Upadhyay RP, Taneja S, Bahl R, et al. 
Utilisation, equity and determinants of full antenatal care in India: analysis 
from the National Family Health Survey 4. BMC Pregnancy Childbirth. 
2019;19(1):327.

	82.	 Okedo-Alex IN, Akamike IC, Ezeanosike OB, Uneke CJ. Determinants of 
antenatal care utilisation in sub-Saharan Africa: a systematic review. BMJ 
Open. 2019;9(10):e031890.

	83.	 Duodu PA, Bayuo J, Mensah JA, Aduse-Poku L, Arthur-Holmes F, Dzomeku 
VM, et al. Trends in antenatal care visits and associated factors in Ghana 
from 2006 to 2018. BMC Pregnancy Childbirth. 2022;22(1):59.

	84.	 Odo DB, Mekonnen AG. Availability and factors influencing community 
level handwashing facility in Ethiopia: implication for prevention of infec-
tious diseases. PLoS ONE. 2021;16(1):e0243228.

	85.	 Munakata M, Honma H, Akasi M, Araki T, Kawamura T, Kubota M, et al. 
Repeated counselling improves the antidiabetic effects of limited indi-
vidualized lifestyle guidance in metabolic syndrome: J-STOP-METS final 
results. Hypertens Res. 2011;34(5):612–6.

	86.	 Vijay J, Patel KK. Risk factors of infant mortality in Bangladesh. Clin Epide-
miol Global Health. 2020;8(1):211–4.

	87.	 Akter T, Dawson A, Sibbritt D. What impact does antenatal and postnatal 
care have on neonatal deaths in low- and lower-middle-income countries? 
Evidence from Bangladesh. Health Care Women Int. 2017;38(8):848–60.

	88.	 Kebede AA, Cherkos EA, Taye EB. Mother’s Knowledge of Neonatal 
Danger Signs and Health-Seeking Practices and Associated Factors in 
Debretabor, Northwest Ethiopia: A Community-Based Cross-Sectional 
Study. Res Rep Neonatol. 2020;10:47–58.

	89.	 Bear AP, Bennett WL, Katz J, Lee KH, Chowdhury AI, Bari S, et al. Asso-
ciations of hypertension and antenatal care-seeking with perinatal 
mortality: A nested case-control study in rural Bangladesh. PLoS ONE. 
2024;19(7):e0287622.

https://www.healthynewbornnetwork.org/hnn-content/uploads/Postnatal-Care-a-critical-opportunity-works_0.pdf
https://www.healthynewbornnetwork.org/hnn-content/uploads/Postnatal-Care-a-critical-opportunity-works_0.pdf
https://iris.who.int/handle/10665/42330
https://www.stata.com/meeting/italy13/abstracts/materials/it13_huber.pdf
https://www.stata.com/meeting/italy13/abstracts/materials/it13_huber.pdf
https://www.stata.com/features/overview/generalized-sem/
https://www.stata.com/features/overview/generalized-sem/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=5c3dbd7a0fd572e5fc370645106d4e9f67ebbf77
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=5c3dbd7a0fd572e5fc370645106d4e9f67ebbf77
https://doi.org/10.7189/jogh.11.04052
https://www.cell.com/heliyon/fulltext/S2405-8440(22)03962-7
https://www.cell.com/heliyon/fulltext/S2405-8440(22)03962-7


Page 25 of 25Mazumder et al. BMC Public Health         (2025) 25:1976 	

	90.	 Rhee V, Mullany LC, Khatry SK, Katz J, LeClerq SC, Darmstadt GL, et al. 
Maternal and Birth Attendant Hand Washing and Neonatal Mortality in 
Southern Nepal. Arch Pediatr Adolesc Med. 2008;162(7):603–8.

	91.	 Maniruzzaman M, Suri HS, Kumar N, Abedin MM, Rahman MJ, El-Baz A, 
et al. Risk factors of neonatal mortality and child mortality in Bangladesh. 
J Glob Health. 2018;8(1):010417.

	92.	 Rahman MM, Ara T, Mahmud S, Samad N. Revisit the correlates of infant 
mortality in Bangladesh: findings from two nationwide cross-sectional 
studies. BMJ Open. 2021;11(8):e045506.

	93.	 Khan JR, Awan N. A comprehensive analysis on child mortality and its 
determinants in Bangladesh using frailty models. Archives of Public 
Health. 2017;75(1):58.

	94.	 Jamee AR, Sen KK, Bari W. Examining the influence of correlates on dif-
ferent quantile survival times: infant mortality in Bangladesh. BMC Public 
Health. 2022;22(1):1980.

	95.	 Rahman A, Nisha MK, Begum T, Ahmed S, Alam N, Anwar I. Trends, 
determinants and inequities of 4+ ANC utilisation in Bangladesh. J Health 
Popul Nutr. 2017;36:1–8.

	96.	 Birch DA. Improving schools, improving school health education, 
improving public health: The role of SOPHE members. Health Educ Behav. 
2017;44(6):839–44.

	97.	 Organization WH. Improving health through schools: National and 
International Strategies. World Health Organization; 2000. Report No.: 
1727–2335.

	98.	 Hakim S, Chowdhury MAB, Ahmed Z, Uddin MJ. Are Bangladeshi health-
care facilities prepared to provide antenatal care services? Evidence 
from two nationally representative surveys. PLOS Global Public Health. 
2022;2(7):e0000164.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	From parental education to under-5 mortality: how antenatal care and hand hygiene mediate the pathway mechanisms
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Aim
	Study setting and design
	Sample size
	Hypothesised theoretical model for mediation
	Variables
	Endogenous and outcome variables
	Exogenous variables
	Covariates
	Statistical analysis

	Results
	Sample characteristics
	Weighted mediation analysis

	Direct effects of education on antenatal care utilisation
	Direct effects of education on the availability status of hand washing station
	Direct effects of education on U5M
	Direct effects of antenatal care utilisation status on the availability status of hand washing stations and on U5M
	Direct effects of the availability status of hand washing stations on U5M
	Parallel mediation of education’s effect on U5M through antenatal care utilisation status and through the availability status of handwashing station
	Sequential mediation of education’s effect on U5M through antenatal care utilisation status and the availability status of handwashing station
	Education’s total mediated or indirect effect on U5M
	Total effect of parents’ education on U5M
	Proportions of the mediated effect of parents’ education

	Discussion
	Direct effect of parents’ education on U5M
	Direct effect of parents’ education on antenatal care uptake
	Direct effect of parents’ education on the availability status of handwashing station
	Direct effect of antenatal care utilisation status on the availability status of hand washing station
	Direct effect of antenatal care on U5M
	Direct effect of handwashing station’s availability status on U5M
	Mediated effect of parents’ education on U5M
	Policy implications
	Strengths and limitations of the study

	Conclusions
	Acknowledgements
	References


