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Abstract
Background: The continuum of care (CoC) for maternal health, which includes ≥4 antenatal care (ANC) visits, delivery
assisted by skilled birth attendants, and a postnatal care (PNC) visit within 48 hours of delivery, is a crucial health care
package associated with survival and improved health outcomes for children and mothers. In addition, the CoC serves as a
platform for delivering messages and counseling on child feeding practices. However, the effect of maternal use of the CoC on
complementary feeding practices in Bangladesh remains unexamined.
Objective: This study aimed to estimate the effect of maternal use of CoC on complementary feeding practices among
children aged 6 to 23 months in Bangladesh.
Methods: Data from 2 consecutive nationally representative surveys—the Bangladesh Demographic and Health Survey
2017-2018 and 2022—were analyzed. Observations corresponding to the CoC for maternal health and complementary feeding
indicators, including (1) timely introduction of solid, semisolid, and soft food (ISSSF); (2) minimum meal frequency (MMF);
(3) minimum dietary diversity (MDD); and (4) minimum acceptable diet (MAD), were merged to prepare the analyzed
samples. The differences in complementary feeding practice indicators by maternal use of the CoC were observed using
chi-square tests. Multivariable logistic regression models were used to observe the associations.
Results: The analysis included 887, 4967, 4967, and 4967 mother-child pairs for the timely ISSSF, MMF, MDD, and MAD
indicators, respectively. The status of complementary feeding indicators was significantly different (P<.05) by maternal use
of the full CoC, ≥4 ANC visits, status of receiving PNC within 48 hours of birth, maternal educational level, husband’s
educational level, maternal occupation, wealth index of families, maternal perceived problems with accessing health care,
and division of residence. Mothers who received the full CoC were 29% and 32% more likely to meet the MDD (adjusted
odds ratio [AOR] 1.29, 95% CI 1.10-1.51; P=.002) and MAD (AOR 1.32, 95% CI 1.13-1.55; P=.001) than those who did
not receive the full CoC, respectively. Among the individual components of the CoC, mothers who received ≥4 ANC visits
were 23%, 31%, and 34% more likely to meet the MMF (AOR 1.23, 95% CI 1.05-1.45; P=.01), MDD (AOR 1.31, 95%
CI 1.13-1.51; P<.001), and MAD (AOR 1.34, 95% CI 1.15-1.56; P<.001) than those with fewer ANC visits, respectively.
Furthermore, the effects of delivery assisted by skilled birth attendants and receiving PNC within 48 hours of delivery on
complementary feeding indicators were also statistically insignificant (P≥.05).
Conclusions: Maternal use of the CoC appears to be effective in improving MDD and MAD among children aged 6 to
23 months in Bangladesh. The findings highlight the pivotal role of recommended ANC visits in promoting complementary
feeding practices and further suggest opportunities to amplify the impact of CoC on timely ISSSF and MMF.
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Introduction
Background
The age of 6 to 23 months constitutes the largest propor-
tion of the first 1000 days of life, which are referred to
as the critical window of opportunity [1]. This age group
is characterized by rapid body growth, cognitive develop-
ment, language acquisition, personality development, and
outstanding learning skills [1,2]. Therefore, children aged
6 to 23 months critically require proper nutrition. This is
primarily met through appropriate complementary feeding,
which demonstrates a significant association with childhood
growth [3,4]. As infants grow, their requirement for essen-
tial micronutrients increases, which is not fulfilled by breast
milk alone, requiring quality and frequency of complementary
food. Evidence shows that proper complementary feeding
can help maintain adequate supply of essential macro-
and micronutrients (eg, protein, calories, vitamin A, iron,
and zinc), which are essential for linear growth, cognitive
development, and protecting young children from deficiency
disorders [5-7]. Furthermore, poor complementary feeding
results in growth faltering and frequent infection in the
short term, whereas the long-term consequences include an
elevated risk of diabetes, obesity, and poor neuromuscular
development [8,9]. Children aged 6 to 23 months are highly
vulnerable to malnutrition; therefore, poor complementary
feeding can result in growth faltering, which might be
irreversible in later life [10]. Apart from undernutrition, the
period of complementary feeding is a crucial opportunity to
prevent overweight and obesity during adulthood [11].

Initiation of complementary feeding at the age of 6 months
triggers the transition from breastfeeding to family foods;
however, the process should take several factors into careful
consideration, including children’s growth patterns, require-
ments of essential nutrients, appetite, satiety, and quality of
food [12]. The frequency, quantity, and quality of comple-
mentary food differ by children’s age, so the provision of
age-appropriate complementary feeding requires caregivers
skilled or educated in complementary feeding practices [13].
One of the most considered strategies to improve caregivers’
complementary feeding practices is to provide them with
knowledge and motivation, especially through interventions
during the antenatal and postnatal periods, which are often
integrated with antenatal care (ANC) and postnatal care
(PNC) [14].

The continuum of care (CoC) for maternal health offers
a package of health care services from pregnancy to the
postnatal period that are essential for the survival and
well-being of the mother and newborn. These services
include at least 4 ANC visits by skilled care providers
during pregnancy, delivery assisted by skilled birth attend-
ants (SBAs), and a PNC visit within 48 hours of delivery.

These services provide pregnant mothers with opportunities
to be in contact with trained health care providers during
critical periods. Therefore, ANC and PNC are platforms to
deliver nutrition education and sensitize mothers on childcare
and complementary feeding. Furthermore, delivery by SBAs
indicates mothers’ positive health care–seeking behavior,
which may be carried forward to the practice of recommen-
ded complementary feeding. Evidence shows that interven-
tions to improve complementary feeding practice target
pregnant mothers, considering ANC as a valuable platform
to provide counseling and education [15-17]. In low- and
middle-income countries, nutrition education and comple-
mentary feeding interventions appeared to exhibit significant
positive results on linear growth among children [4,18].
Objectives
Despite invaluable benefits, complementary feeding practices
in Bangladesh demonstrate a frustrating picture, with only
20% of children aged 6 to 23 months receiving a minimum
acceptable diet (MAD) in 2024 [19,20]. According to the
latest Bangladesh Demographic and Health Survey (BDHS)
in 2022, only 30% of children were fed with an MAD, and
this unfortunately experienced a drop from 35% in 2017 [21,
22]. Addressing malnutrition and micronutrient deficiencies
through the promotion of complementary feeding practices
is one of the key priorities in the second national plan of
action of nutrition in Bangladesh [23]. One of the strategies
to achieve nutrition goals is mainstreaming nutrition, where
many nutrition services are integrated into health services
such as ANC and PNC, with the hypothesis that mothers
who undergo maternal health care services will exhibit better
performance in child feeding practices [23,24]. However, no
previous study has investigated the effect of maternal use
of the CoC on complementary feeding practices in Bangla-
desh. Using 2 nationally representative surveys, this study
aimed to fill this research gap through estimating the overall
effect of maternal use of the CoC and its components on
complementary feeding practices over the survey periods.
The findings might help policymakers understand how the
benefits of maternal use of CoC translate to complementary
feeding practices, identifying priorities and ways forward.

Methods
Study Design and Samples
In this study, the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) checklist was used
as the reporting guideline [25]. The STROBE checklist is
provided in Checklist 1. We used 2 nationally representative
cross-sectional surveys as data sources. These sources were
the BDHS of 2017-2018 and 2022. The surveys applied
2-stage stratified cluster random sampling and obtained a
response rate of more than 98%. In both surveys, the samples
represented mothers of children aged 6 to 23 months in
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Bangladesh. The sample represented both urban and rural
mothers. Families were recruited for the survey based on
a random selection process and subject to their consent
to participate. The interviews were conducted at the house-
holds of selected families. The detailed methods are outlined
elsewhere [21,22].

However, in brief, the study only analyzed samples with
complete information about maternal use of the CoC and
coupled with the respective complementary feeding indicators
(ie, introduction to solid, semisolid, and soft food [ISSSF];
minimum meal frequency [MMF]; minimum dietary diversity
[MDD]; and MAD). Therefore, women who were interviewed
for birth history information (ie, data about women who
had given birth) were filtered from the dataset for inclu-
sion in this study. Women who had a live birth within
the last 3 and 2 years before the surveys, respectively,
for the BDHS 2017-2018 and 2022 were then retrieved.
These retrieved observations served as the source datasets
to estimate maternal use of the CoC or the exposure var-
iables. Finally, the maternal CoC variables were merged
with variables accommodating the respective complementary
feeding indicators, making up the analyzed samples for each
complementary feeding indicator.
Exposure Variables
The exposure variables were maternal use of the CoC and
its 3 components. The components included (1) at least 4
ANC visits by skilled health care providers during pregnancy,
(2) SBA-assisted delivery, and (3) at least one PNC visit
by skilled health care providers within 48 hours of delivery.
In this study, skilled health care providers were denoted as
physicians, nurses, midwives or paramedics, family wel-
fare visitors, community SBAs, and subassistant community
medical officers. Mothers were coded as 1 if they received
all 3 components of the CoC and as 0 otherwise. Similarly,
mothers who used any individual component of the CoC were
coded as 1 or as 0 otherwise and analyzed separately.
Outcome Variables
The outcome variables included complementary feeding
indicators (eg, ISSSF, MMF, MDD, and MAD). The status of
ISSSF was estimated by calculating the proportion of children
aged 6 to 8 months who were fed solid, semisolid, or soft
food during the previous day or night. MMF refers to the
minimum number of meals provided among children aged 6
to 23 months by their age category (6-8 months and 9-23
months) and breastfeeding status (breastfed and nonbreast-
fed). Furthermore, MDD indicates the minimum number of
food groups fed to children aged 6 to 23 months. Finally, the
estimation of the MAD considers both the MMF and MDD,
indicating that a child had an MAD if both the MMF and
MDD were met. Calculation of the outcome variables was
based on BDHS guidelines [26]. Positive status of ISSSF,
MMF, MDD, and MAD was coded as 1 and as 0 otherwise.
Covariates
Covariates were selected based on their expected association
with the exposure variables and evidence from the published

literature [27-29]. Therefore, the covariates considered were
age at delivery (<19 years, 19-30 years, and 31-49 years);
educational level (no education, primary education, secon-
dary education, and higher education); husband’s educational
level (no education, primary education, secondary education,
and higher education); occupation (not working or working);
husband’s occupation (not working or working); parity (1,
2-3, and 3); whether they had ever terminated a pregnancy
(never or no and ever or yes); desired pregnancy (yes or no);
wealth index (poorest, poorer, middle, richer, or richest); any
exposure to television, radio, or the news (yes or no); whether
they were facing problems such as obtaining permission
and money and long distance to access health care (big
problem or not a big problem); religion (Muslim or other);
place of residence (rural or urban); division of residence
(Barisal, Chittagong, Dhaka, Khulna, Mymensingh, Rajshahi,
Rangpur, or Sylhet), and survey round (BDHS 2017-2018 or
2022).

Statistical Analysis
Cross-tabulation was used to observe the distribution of
complementary feeding status by maternal use of the CoC and
covariates, and the differences were observed using chi-
square tests. The binary nature of the outcome variables led
to the consideration of univariable and multivariable logistic
regression models to estimate the effect of maternal use of
the CoC, further divided into its individual components, on
complementary feeding practices among children aged 6 to
23 months. Therefore, the individual effect of maternal use of
the full CoC, receiving ≥4 ANC visits, delivery assisted by
SBAs, and receiving PNC within 48 hours of delivery on the
4 complementary feeding indicators was observed, resulting
in a total of 16 multivariable logistic regression models to
observe the associations. The logistic regression models were
adjusted for sampling weight, strata, primary sampling unit,
and covariates using the svy command. Multicollinearity was
observed using the SE of the odds ratio and variance inflation
factor (VIF), considering an SE of >2 or VIF of >5 as
indicators of the presence of multicollinearity [30,31]. All
the analyses were conducted considering P<.05 as statistically
significant. The Stata software (version 17; StataCorp) was
used to conduct the statistical analyses.

Ethical Considerations
This study was exempted from receiving approval from an
ethical review committee because it was conducted based
on publicly available BDHS data, which involved interview-
ing mothers of children under 2 years of age to collect
information. However, the BDHS was approved by the ICF
Macro Institutional Review Board (United States) following
the overall requirements of Title 45, Part 46 of the Code
of Federal Regulations, “Protection of Human Subjects.”
Moreover, as the data collection procedure was carried out in
Bangladesh, the National Research Ethics Committee of the
Bangladesh Medical Research Council, Dhaka, Bangladesh,
also reviewed and approved the BDHS. Before enrollment in
the study, informed consent was obtained verbally from each
participant and their intimate partners (for all ever-married
women aged 15‐49 years). Verbal consent was considered the
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most suitable option to ensure the participation of respondents
who were incapable of reading. Very young children who
were under 5 years of age and were born in 2014 or later
were also considered in the sample when the data collec-
tion procedure was conducted by the BDHS. Verbal consent
for children’s participation in the survey was obtained from
their mothers, who acted as legal guardians and provided
authorization on behalf of their children. Before using the
data for research purposes, the responses were deidentified.
No compensation was provided to any participants for their
responses or the information used in this research. Further-
more, this paper and its supplementary material do not
contain any identifiable information or images of participants

whose responses were used to conduct this study. Detailed
ethical aspects and consent forms are available in the BDHS
website and report.

Results
Figure 1 shows the results of the sample selection process.
A total of 8561 observations were included in the analy-
sis (n=887, 10.36% for ISSSF; n=4967, 58.02% for MMF;
n=4967, 58.02% for MDD; and n=4967, 58.02% for MAD).
The status of timely ISSSF, MMF, MDD, and MAD is shown
in Figure 2.

Figure 1. Selection process of the analyzed sample from the Bangladesh Demographic and Health Survey (BDHS) 2017-2018 and 2022 data. CoC:
continuum of care; ISSSF: introduction to solid, semisolid, and soft food; MAD: minimum acceptable diet; MDD: minimum dietary diversity; MMF:
minimum meal frequency.
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Figure 2. Status of complementary feeding practices in Bangladesh calculated from the analyzed sample. BDHS: Bangladesh Demographic and
Health Survey; ISSSF: introduction to solid, semisolid, and soft food; MAD: minimum acceptable diet; MDD: minimum dietary diversity; MMF:
minimum meal frequency.

The distribution of outcome variables by maternal use of
the CoC, ANC visits, delivery assisted by SBAs, PNC, and
maternal socioeconomic characteristics is shown in Table
1. The analysis shows that the distributions of all 4 out-
come variables were statistically significantly (P<.05) and
differed by maternal use of the CoC, status of receiving
≥4 ANC visits, status of receiving PNC within 48 hours of
birth, maternal educational level, husband’s educational level,
maternal occupation, wealth index, perceived problems with
accessing health care, and division of residence. In addition,
the status of MMF, MDD, and MAD significantly differed
by maternal status of media exposure and place of residence,
whereas delivery assisted by SBAs, husband’s occupation,
and parity were variables that showed significant differences
in the distribution of MDD and MAD.
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The association between complementary feeding practices
and maternal use of the CoC and its components is shown in
Table 2. The analysis shows that maternal use of either the
CoC or its components had no significant association with

timely ISSSF among children aged 6 to 8 months. On the
other hand, MDD and MAD among children aged 6 to 23
months were statistically significantly associated with
maternal use of the CoC and receiving ≥4 ANC visits.

Table 2. Multivariable regression models demonstrating the association between maternal use of the continuum of care (CoC) and complementary
feeding indicators.
Exposure variable ISSSFa MMFb MDDc MADd

AORe (95% CI) P value AORe (95% CI) P value AORe (95% CI) P value AORe (95% CI) P value
Full CoC use
  No Reference —f Reference — Reference — Reference —
  Yes 1.30 (0.77-2.20) .33 1.13 (0.94-1.37) .20 1.29g (1.10-1.51) .002 1.32g (1.13-1.55) .001
≥4 ANCh visits
  No Reference — Reference — Reference — Reference —
  Yes 1.00 (0.64-1.57) .98 1.23g (1.05-1.45) .01 1.31g (1.13-1.51) <.001 1.34g (1.15-1.56) <.001
Delivery by SBAsi

  No Reference — Reference — Reference — Reference —
  Yes 0.98 (0.63-1.52) .92 0.94 (0.80-1.11) .49 1.04 (0.89-1.22) .62 1.03 (0.87-1.21) .77
PNCj within 48 hours of birth
  No Reference — Reference — Reference — Reference —
  Yes 1.27 (0.83-1.93) .27 1.05 (0.89-1.24) .55 0.99 (0.85-1.15) .88 1.03 (0.88-1.20) .72

aISSSF: introduction to solid, semisolid, and soft food.
bMMF: minimum meal frequency.
cMDD: minimum dietary diversity.
dMAD: minimum acceptable diet.
eAOR: adjusted odds ratio. Adjusted for primary sampling unit, sampling strata, sampling weight, age at last delivery, educational level, husband’s
educational level, occupation, husband’s occupation, parity, whether they had ever terminated a pregnancy, desired pregnancy, wealth index, media
exposure, access to health care, religion, residence, division of residence, and survey round.
fNot applicable.
gP<.05.
hANC: antenatal care.
iSBA: skilled birth attendant.
jPNC: postnatal care.

Mothers who received the full CoC were 29% and 32% more
likely to provide an MDD (adjusted odds ratio [AOR] 1.29,
95% CI 1.10-1.51; P=.002) and MAD (AOR 1.32, 95% CI
1.13-1.55; P<.001) to their children, respectively, than their
counterparts. Similarly, maternal status of receiving ≥4 ANC
visits was significantly associated with 23%, 31%, and 34%
higher likelihood of providing an MMF (AOR 1.23, 95%
CI 1.05-1.45; P=.01), MDD (AOR 1.31, 95% CI 1.13-1.51;
P<.001), and MAD (AOR 1.34, 95% CI 1.15-1.56; P<.001)
to their children, respectively, compared to mothers who did
not receive ≥4 ANC.

In all regression models, the SE of the odds ratio was
<2, and the VIF was <3, indicating the absence of collinear-
ity among the independent variables. The detailed regression
models are provided in Multimedia Appendix 1. There were
some observations (n=83) with missing values in covariates
in the analyzed sample. Therefore, we also conducted the
analysis after excluding observations with missing values.
However, we did not find any significant difference in
the direction and significance of the association between
the analysis including observations with missing values in
covariates and the complete case analysis.

Discussion
Principal Findings
Our findings demonstrate significant positive effects of
maternal use of the CoC on providing an MDD and MAD
to their children. Breaking down the effect of individual CoC
components, the status of receiving ≥4 ANC visits exhibited a
significant positive association with MMF, MDD, and MAD.
However, we did not find any significant effect of the status
of maternal use of CoC or its components on ISSSF.

Consistent with our findings, a previous study using the
BDHS 2007 data also reported no significant association
between ISSSF and the number of ANC and PNC visits
[32]. Timely ISSSF is associated with exclusive breastfeeding
because children who are not exclusively breastfed are likely
to receive family foods before the age of 6 months, which
results in disqualifying them from receiving timely ISSSF.
In Bangladesh, the exclusive breastfeeding rate declined from
64% in 2017 to 53% in 2022; therefore, this might partly
explain the statistically insignificant effect of maternal use
of the CoC and its components on timely ISSSF. There
is a scarcity of studies explicitly examining the association
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between maternal CoC use and timely ISSSF. Previous
studies highlight that complementary feeding practices are
primarily influenced by maternal knowledge, cultural beliefs,
family practices, and household factors rather than formal
health care service use [19,33]. Similarly, a study in rural
Bangladesh revealed that only 19% of mothers knew the
appropriate age for introducing complementary foods, and
this knowledge was not significantly associated with their
feeding practices [34]. This provides an insight that, although
an increase in maternal CoC use indicates a better coverage
of maternal health care services, it may not ensure better child
feeding practices (eg, ISSSF) unless the maternal health care
services are strengthened with targeted nutrition education
and behavior change interventions. The analysis revealed
that mothers who received ≥4 ANC visits and the full CoC
had significantly higher odds of providing an MMF than
their counterparts. This finding is consistent with those of
a previous study conducted using the Bangladesh Integra-
ted Household Survey, which reported a positive associa-
tion between ≥4 ANC visits and MMF [35]. Indeed, ANC
provides platforms for counseling on nutrition as well as the
importance of child feeding frequency and dietary adequacy.
MAD is a composite indicator of both MMF and MDD. In
this study, we found that the status of using the full CoC and
receiving ≥4 ANC visits had a significant positive associa-
tion with MAD. Similar studies based on the Bangladesh
Integrated Household Survey 2018‐2019 and from other
South Asian countries have also reported a positive associa-
tion between ≥4 ANC visits and MAD [28,35-37]. Four or
more ANC visits facilitate positive complementary feed-
ing practices such as MDD and MAD through sustained
opportunities for nutritional counseling [38]. Mothers who
received the full CoC package were 29% more likely to
provide foods meeting the MDD for their children. Nota-
bly, the trend of MDD in Bangladesh remained relatively
consistent over a 10-year period from 2004 to 2014 [20].
Looking into the individual effects of the components of the
CoC, the status of receiving ≥4 ANC visits also exhibited
a significant association with MDD status. A previous study
identified that mothers who received ≥4 ANC visits were
31% more likely to give their babies minimum diversified
foods than those who did not have any ANC visits [39].
No significant effect of delivery by SBAs and PNC within
48 hours of delivery was observed on MDD. This could be
because these services are more focused on maternal and
essential newborn care rather than on complementary feeding

practices, which require targeted counseling and behavior
change communication. A previous study reported significant
associations between dietary diversity score and status of
receiving ≥4 ANC visits, which aligns with our findings [40].

This study was conducted using 2 consecutive nationally
representative cross-sectional surveys (BDHS 2017‐2018 and
2022) conducted after the National Nutrition Policy 2015
was adopted in Bangladesh. Therefore, the findings provide
a valuable insight into how the benefits of nutrition main-
streaming to maternal and child health care platforms are
reflected in complementary feeding practices. The exposure
variables included both maternal use of the CoC and its
components (ie, ≥4 ANC visits, delivery assisted by SBAs,
and PNC within 48 hours of delivery), which provides a
holistic overview of their association with recommended
complementary feeding practices and which maternal health
care component should be further strengthened with policy
support to increase the benefits. Furthermore, adjustment
of covariates increased the accuracy of the estimates. The
surveys use validated measurements for the exposure and
outcome variables, strengthening the internal validity. On the
other hand, the cross-sectional design limits causal infer-
ence between maternal use of the CoC and complementary
feeding practices. Key behavioral factors such as maternal
nutritional knowledge and attitude, cultural norms, house-
hold food security, and intrahousehold food dynamics were
not estimated in the survey and, therefore, not included in
this analysis. Furthermore, the quality of ANC and PNC,
especially nutrition counseling while providing these services,
was not considered in the statistical models. These issues
should be considered carefully when interpreting and using
the findings.
Conclusions
Maternal use of the CoC, particularly through receiving
≥4 ANC visits, appears to be a significant determinant of
improved MDD and MAD among children aged 6 to 23
months in Bangladesh. Enhancing maternal knowledge and
practices related to exclusive breastfeeding may help facilitate
the practice of timely ISSSF. Expanding maternal use of
the CoC through policy support and targeted interventions
presents a valuable opportunity to fully leverage its posi-
tive impact on maternal complementary feeding practices in
Bangladesh.
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