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Assessing Regional Disparities in Bangladesh: A
Comparative Cluster Analysis of Health, Education,
and Demographic Indicators across Districts

ABSTRACT

Background: For the development of evidence-based health policies and public health research,
representative health information is essential. Often, in developing nations, studies extrapolate data
from a small number of communities to the entire population, potentially leading to inaccuracies. This
study utilises multivariate cluster analysis to examine regional disparities within a developing country
using health indicators from the Bangladesh Multiple Indicator Cluster Survey (MICS) 2019 and
demographic variables from the Bangladesh Population Census Report 2022.

Objective: The study aims to analyze disparities in socio-economic indicators across Bangladesh's
districts to guide balanced development policy-making.

Methods: Indicators for the study were selected through a two-phase evaluation, retaining only those
with significant variations within the dataset. The study focused on maternal, infant, and socio-
demographic characteristics at a district level. The data analysis was conducted using hierarchical,
kmeans, and pam clustering techniques, with the optimal number of clusters determined using a
silhouette diagram. The cluster selection was validated through internal validation and stability tests.
Results: Two distinct clusters of districts showed significant disparities in health, education, and
demographic indicators. The first cluster (21 districts) had lower literacy rates (45% vs 73%), school
attendance (65% vs 85%), and early childhood education enrollment (25% vs 58%). This cluster also
had higher rates of child stunting (40% vs 23%), wasting (16% vs 9%), maternal mortality (239 vs 140
per 100,000 live births), and unemployment (12% vs 6%) compared to the second cluster (43 districts).
These findings highlight the need for targeted interventions.

Conclusion: The study demonstrates the potential for unsupervised learning techniques like cluster
analysis in identifying regional disparities in developing countries. It emphasises the importance of
individual district-level data in policy planning and underscores the need for targeted interventions to
address specific regional health challenges.

Keywords: Clustering, Literacy Rates, Early Childhood Education, Nutritional Indicators, Maternal
Mortality

1. INTRODUCTION

For the development of evidence-based health policies, the planning of educational and awareness
programmes, and the design of public health research, representative and comparable health
information within a nation is essential. In developing nations, the majority of studies pertaining to
public health are predominately founded on a small number of communities chosen for their historical,
financial, or geographical convenience. Unfortunately, these data from specified populations or
communities are extrapolated or generalised to the entire population based on a subjective evaluation
[1]. In this light, multivariate cluster analysis (also known as unsupervised learning technique) could be
an all-encompassing method for examining regional disparities (similarity or dissimilarity) within a
developing country or between developing countries based on available health indicators or metrics. It
is possible to construct clusters of regions based on a single or multiple factors.Multiple indicators were
used to construct the clusters; therefore, we refer to this as multivariate cluster analysis. Cluster
analysis is extensively employed in the social sciences [2], commercial market research [3], and
epidemiology and public health [4]. Unsupervised learning is typically used to uncover concealed data
structures when the correct categories are unknown beforehand. The objective is to discover natural
clusters or patterns in the data, such that elements within the same cluster are more similar to one
another than to elements within a distinct cluster [5].




Bangladesh is a developing nation with over 160 million inhabitants. Bangladesh is administratively
divided into 64 districts under eight divisions. Each district is subdivided into subdistricts, municipalities,
and union councils. The purpose of this study was to establish a framework for grouping regions of a
country according to critical indicators such as maternal and infant health. If we discover that certain
regions share a similar profile based on the selected indicators, this data could be used for resource
allocation and planning. Additionally, we could use the regional concentration pattern to design more
cost-effective surveys for evaluating interventions.In other words, a finding at the community level may
be generalizable to a much broader geographical spectrum with similar profiles.There were two
explanations why a cluster analysis was conducted. Initially, the government reports offered univariate
outcomes. Secondly, this method would validate results that are otherwise regarded as being true. In
China, for example, an analysis of the regional distribution of foreign direct investment (FDI) revealed
that Guangdong province had the greatest level of FDI, which was consistent with its perceived
economic development [6].

The purpose of this study was to use cluster analysis techniques to determine whether or not there are
homogeneous groups of districts based on maternal, infant, and certain socio-demographic
characteristics.

Objective

The study aims to examine disparities in health, education, and demographics across districts in
Bangladesh using cluster analysis. By understanding variations in key indicators such as literacy,
school attendance, early education enroliment, nutrition, maternal mortality, and unemployment rates,
the research seeks to guide effective policy making for balanced socio-economic growth.

2. METHODS
2.1 Data Source&Variables

The present study utilises data from the Bangladesh Multiple Indicator Cluster Survey (MICS) 2019,
which was administered by the Bangladesh Bureau of Statistics (BBS) between December 2018 and
April 2019 [7] on 51,755 households. The MICS 2019 survey report provides a comprehensive
overview of maternal and children's health conditions in Bangladesh, including 79 indicators organised
into ten categories: child mortality, nutrition and breastfeeding, child health, access to safe drinking
water and improved sanitation, reproductive health, child development, literacy and education, child
protection, HIV/AIDS awareness, and access to mass media and ICT [8]. In addition to the MICS 2019
data, demographic variables from the Bangladesh Population Census Report 2022 were also included
[9].The study focused on district-level statistics for the following indicators extracted from the MICS
report: moderate and severe prevalence of underweight, moderate and severe prevalence of stunting,
moderate and severe prevalence of wasting, moderate and severe prevalence of overweight, and
moderate and severe prevalence of iodized salt consumption.

2.2 Indicator Selection

The evaluation of study indicators was conducted in two phases. An initial subset of indicators was
selected based on their uniqueness. Then, the standard deviation of each of these indicators was
calculated, and only those with a standard deviation greater than five were retained, ensuring that
significant variations within the dataset were captured.

2.3 Cluster Analysis

The data analysis was conducted using cluster analysis. Several clustering techniques, such as
"hierarchical," "kmeans," and "pam," were evaluated, with the number of clusters spanning from two to
seven. Using a silhouette diagram generated by the cluster utility in R [10][11], the optimal nhumber of
clusters was determined. Using the cValid R package, the cluster selection was validated through
internal validation and stability tests [12-14].

2.4 Results Extraction



Based on a variety of demographic, literacy, and educational indicators, cluster averages were
calculated for districts, divisions, and the entire nation. In terms of demographic indicators and literacy
and education rates, the findings reveal a vast multitude of similarities and distinctions between the
clusters and divisions. Further indicators pertaining to early childhood education enroliment, adult
support for learning, the early development index, birth registration rates, and the marital status of
young women were also analysed to provide a more complete picture of the current conditions in
Bangladesh.

2.5 Nutritional Indicators

In conclusion, a comprehensive analysis was conducted on the average prevalence of several
nutritional indicators, including underweight, stunting, wasting, overweight, and iodized salt
consumption rates, to provide an in-depth comprehension of the nutritional status in Bangladesh's
various regions. Using cluster analysis techniques, these nutritional variables were also analysed to
identify potential patterns and variations across districts and divisions.

3. RESULTS

The results derived from the cluster averages of districts, divisions, and Bangladesh as a whole based
on various demographic, literacy, and educational indicators, are elucidated below. (Table 1)

Demographic Indicators

For male-headed households, cluster averages showed a similar pattern: 87.8% for Cluster 1 and
88.8% for Cluster 2. The highest rate was observed in RANGPUR division (91.2%), while the lowest
was in CHATTOGRAM division (83.0%). On a national level, the prevalence of male-headed
households was 88.6%, indicating a dominant patriarchal household structure across Bangladesh. The
average household size was found to be almost identical in both clusters, being 4.5 for each. In terms
of divisions, the largest household size was found in SYLHET (5.2), and the smallest in RAJSHAJI
(4.1). The national average household size was observed as 4.5, which aligns with the cluster
averages. Population density varied significantly across the districts and divisions. Cluster 1,
comprising of 12 districts, exhibited a much higher density (1549.1 people/km2) compared to Cluster 2
(957.1 people/km?2). The highest density was recorded in DHAKA (1720.1 people/km?) and the lowest
in BARISHAL (655.1 people/km?). The overall density for Bangladesh was estimated at 1108.1
people/kmz.

Literacy and Education Indicators

In the literacy rate of individuals aged 7 and above, Cluster 1 demonstrated a considerably higher
average (75.2%) than Cluster 2 (60.4%). Divisions also showed significant disparity, with the highest
literacy rate in BARISHAL (71.9%) and the lowest in RANGPUR (60.3%). The national literacy rate
was 63.1%. Among young women aged 15-24, literacy rate differences between clusters were
relatively marginal, with 80.5% in Cluster 1 and 84.1% in Cluster 2. Across the divisions, KHULNA had
the highest literacy rate (87.9%), and SYLHET the lowest (78.3%). Nationally, the literacy rate for
young women was 82.1%. Primary school net attendance ratio (adjusted) was higher in Cluster 2
(77.1%) compared to Cluster 1 (71.6%). On a divisional level, the highest ratio was observed in
RANGPUR (75.8%), and the lowest in SYLHET (69.5%). The national average ratio was found to be
73.3%. Secondary school net attendance ratio (adjusted) showed a greater difference between the
clusters with 43.6% in Cluster 1 and 53.4% in Cluster 2. The divisional ranges were from 32.8% in
SYLHET to 52.4% in RANGPUR. The national average ratio was 46.2%. Primary completion rates
varied significantly between clusters, with an exceptionally high rate of 103.4% in Cluster 2 compared
to 73.7% in Cluster 1. Among divisions, the highest rate was in RAJSHAJI (92.6%) and the lowest in
DHAKA (71.3%). The national average primary completion rate was 79.6%.

Unemployment Indicators
The unemployment rate showed minimal variation between the two clusters, 9.7% for Cluster 1 and

9.8% for Cluster 2. However, there was a notable disparity among the divisions, with SYLHET
exhibiting the highest unemployment rate of 21.6% and KHULNA the lowest at 6.8%. The national



average unemployment rate was found to be 9.9%. The results demonstrate both similarities and
differences across the clusters and divisions in terms of demographic indicators and literacy and
education rates.

Table 1. Cluster averages of districts, averages of divisions, and Bangladesh as a whole based
on demographic indicators and indicators of literacy and education.

Cluster Average

Indicators Cluster Cluster
1 2
12 52 BARISHAL CHATTOGRAM DHAKA KHULNA RAJSHAJI RANGPUR SYLHET BANGLADESH
districts districts
Percent male- 87.8 88.8 90.9 83.0 87.9 91.1 90.9 91.2 86.8 88.6
headed
households
Average 45 45 4.6 4.9 4.4 4.2 4.1 4.2 52 4.5
household size
Literacy rate (7+ 75.2 60.4 71.9 63.7 61.6 63.9 62.0 60.3 60.8 63.1
years)
Unemployment 9.7 9.8 10.0 12.3 9.9 6.8 7.0 7.3 21.6 9.9
rate
Population 1549.1 957.1 655.1 990.1 1720.1 803.1 1007.1 958.1 775.1 1108.1
density per
square km
18 46 BARISHAL CHATTOGRAM DHAKA KHULNA RAJSHAJI RANGPUR SYLHET BANGLADESH
districts districts
Literacy among 80.5 84.1 86.2 81.6 81.0 87.9 83.1 80.1 78.3 82.1
young women
(15-24 years)
Primary school 71.6 771 72.0 725 72.6 75.5 75.2 75.8 69.5 73.3
net attendance
ratio (adjusted)
Secondary 43.6 53.4 47.9 45.7 45.7 51.0 46.2 52.4 32.8 46.2
school net
attendance ratio
(adjusted)
Primary 73.7 103.4 79.6 80.9 71.3 825 92.6 87.5 73.6 79.6

completion rate

Analysis of the data (Table 2) regarding early childhood education attendance for 36-59 months old
children reveals a significantly higher rate in Cluster 2 (32.1%) compared to Cluster 1 (11.9%). This is
notably above the national average of 13.5%, with the highest divisional average recorded in Barishal
at 18.5%. All other divisions demonstrated attendance rates lower than the national average, indicating
a general deficit in early childhood education across most of Bangladesh. In terms of adult support for
learning in the age bracket of 36-59 months, Cluster 1 presents a robust rate of 79.6%, significantly
surpassing the 51.6% average of Cluster 2. This indicator is also well above the national average of
78.1%, with the highest divisional average demonstrated by Khulna at 86.0%. Sylhet, however,
showcased the lowest divisional average of 76.5%, still falling slightly below the national average. The
early development index was found to be the same for both clusters at 64.9%, which is marginally
above the national average of 64.0%. Notably, the highest divisional average was recorded in
RANGPUR at 77.8%, whereas the lowest was in Chattogram at 54.5%. Regarding the percentages of
birth registration under 5 years of age, Cluster 1 presents an average of 38.6%, surpassing Cluster 2
which had an average of 26.3%. However, both cluster averages fall short of the national average of
37.1%. The highest and lowest divisional averages were seen in RANGPUR (47.7%) and Sylhet
(35.1%), respectively. Among women aged 15-49, those married before 15 were significantly higher in
Cluster 2 (34.3%) compared to Cluster 1 (23.3%). The national average stood at 23.9%, with Rajshahi
demonstrating the highest divisional average of 33.4%, and Chattogram reporting the lowest at 14.6%.
For girls aged 15-19 who are currently married, Cluster 2 presented a slightly higher average (36.1%)
compared to Cluster 1 (35.5%). The national average was found to be 34.4%, with the highest
divisional average noted in Rajshahi (47.9%), and the lowest in Sylhet (13.8%).

Table 2. Cluster averages of districts in addition to divisional and national averages for
Bangladesh based on child protection and development indicators.

Cluster Average
Cluster 1 Cluster 2
58
districts

Indicators

6 districts BARISHAL CHATTOGRAM DHAKA KHULNA RAJSHAJI RANGPUR SYLHET

BANGLADESH




Attended early
childhood

X 11.9 32.1 18.5 11.8 15.7 13.7 10.3 13.3 10.6 13.5
education (36-
59 months)
Getting adult
|S“p‘.’°”f°r 79.6 51.6 80.5 76.6 79.0 86.0 75.2 75.1 76.5 78.1
earning (36-
59 months)
Early
development 64.9 64.9 67.4 54.5 65.2 69.1 65.3 77.8 54.1 64.0
index
Percen_tages
of birth 38.6 26.3 32.4 415 34.4 322 32.7 47.7 35.1 37.1
registration (
tmder5)
Women (15-
49) married 23.3 34.3 20.9 14.6 23.2 31.2 33.4 31.6 9.3 23.9
before 15
Girls 15-19
currently 35.5 36.1 318 27.8 334 43.6 47.9 42.0 13.8 344
married
Data in Table 3 show the average prevalence of nutritional indicators in two clusters, identified as
Cluster 1 (composed of 45 districts) and Cluster 2 (comprising 19 districts), as well as in each of the
eight divisions of the country (Barishal, Chattogram, Dhaka, Khulna, Rajshahi, Rangpur, Sylhet), and
Bangladesh as a whole. For underweight children, the cluster averages were slightly higher than the
national average of 32.0%. Cluster 1 had the higher average prevalence of 32.4%, while Cluster 2
exhibited a slightly lower average prevalence of 30.4%. The highest prevalence of underweight
children was found in Sylhet at 39.8%, whereas Khulna had the lowest prevalence of 28.6%. Stunting
showed a similar pattern to underweight status with cluster averages and divisional averages all being
close to the national average of 42.1%. The average prevalence of stunting was slightly higher in
Cluster 1 at 41.6% compared to Cluster 2 at 40.6%. Among the divisions, Sylhet had the highest
average prevalence at 50.7%, with the lowest in Khulna at 34.5%. For wasting, both Cluster 1 and
Cluster 2 showed averages that are relatively consistent with the national average of 9.7%, with
Cluster 1 reporting an average of 10.1% and Cluster 2, 9.5%. The division with the highest average
prevalence was Sylhet at 13.4%, while the lowest was Rangpur at 8.8%. The average prevalence of
overweight children was notably low across all districts and divisions, with a national average of 1.7%.
However, it was slightly higher in Cluster 2 (1.9%) than in Cluster 1 (1.5%). Dhaka reported the highest
prevalence of overweight children at 2.3%, while Barishal had the lowest prevalence at 0.9%.
Significant variations were also observed in iodine consumption across the country. The national
average iodine consumption was 54.4%, with a stark contrast observed between Cluster 1 and Cluster
2 at 42.4% and 74.8%, respectively. Among divisions, Dhaka showed the highest average iodine
consumption at 64.7%, whereas Rangpur reported the lowest average at 33.9%.
Table 3. On the basis of nutrition indicators, cluster averages for districts, divisions, and
Bangladesh as awhole.
Cluster Average
Cluster Cluster
Indicators 1 2
disétlr? . 19 BARISHAL CHATTOGRAM DHAKA KHULNA RAJSHAJI RANGPUR SYLHET BANGLADESH
cts districts
Underweight 32.4 30.4 35.3 32.3 30.9 28.6 30.0 32.7 39.8 32.0
Stunting 41.6 40.6 415 43.2 422 34.5 39.5 43.8 50.7 421
Wasting 10.1 9.5 11.8 9.3 9.3 10.1 9.2 8.8 13.4 9.7
Overweight 15 1.9 0.9 1.3 2.3 1.2 1.3 1.2 3.0 17
lodine. 424 748 625 59.4 64.7 60.2 36.4 33.9 50.8 54.4
consumption

The Total Fertility Rate (TFR) per 1000 women across the country was found to average at 2.4, but
there were marked variations with Sylhet reporting the highest (3.0) and Khulna and Rajshahi reporting
the lowest (2.0). The cluster-wise analysis revealed a marginally higher TFR in Cluster 2 (2.7) than
Cluster 1 (2.2). (Table 4) When observing the early childbearing (before age 18) rates, it is evident that
the national average is 24.5%, with the highest recorded in Rajshahi (34.1%) and the lowest in Sylhet
(14.9%). Interestingly, both clusters had an average rate higher than the national average, Cluster 1 at
25.0% and Cluster 2 at 26.2%. The contraceptive prevalence rate was highest in RANGPUR (73.0%),
significantly higher than the national average (61.9%). Both clusters exhibited a contraceptive
prevalence rate closely mirroring the national average, with 63.7% in Cluster 1 and 61.4% in Cluster 2.



The unmet need for contraception was highest in Barishal (19.1%) and lowest in RANGPUR (9.2%)
compared to the national average of 14.0%. In terms of antenatal care, 58.8% of women nationally
were found to have received at least one consultation from a skilled health professional, with the
highest rate recorded in Khulna (74.7%) and the lowest in Cluster 2 (43.5%). For antenatal care
coverage of at least four times by any provider, the national average was 24.8%, significantly lower
than the rate in RANGPUR (35.9%). The national average for the presence of a skilled attendant was
43.6%, with Cluster 2 reporting the lowest rate (26.1%). The national average of institutional deliveries
was 31.1%, with Khulna leading the list at 45.7% and Cluster 2 at the lowest at 16.2%. As for
Cesarean deliveries, the national average stood at 19.2%, with the highest rate reported in Khulna
(30.6%) and the lowest in Cluster 2 (9.2%).

Table 4. On the basis of reproductive health indicators, cluster averages for districts, divisions,
and Bangladesh as a whole, as well as their respective averages.

Cluster

Average
Indicators Cluster 1 Cluzster
. 42 . 22, BARISHAL CHATTOGRAM DHAKA KHULNA RAJSHAJI RANGPUR SYLHET BANGLADESH
districts districts
TFR per 1000 women 2.2 2.7 2.4 2.8 2.4 2.0 2.0 2.3 3.0 2.4
Early childbearing 25.0 26.2 21.4 198 23.4 27.2 341 30.6 14.9 245
before age 18
Contraceptive
prevalence rate-any 63.7 61.4 56.9 53.1 60.2 70.4 68.2 73.0 46.6 61.9
method
Unmet need 12.5 15.3 19.1 18.1 15.1 9.4 10.3 9.2 16.4 14.0
Antenatal care: at
least once by skilled 65.2 435 40.4 58.2 62.0 74.7 63.7 46.7 52.2 58.8
health professional
Antenatal care
coverage: at least
four times by any 28.9 12.8 14.1 21.8 26.4 27.2 25.7 359 16.1 24.8
provider
Skilled attendant at 524 26.1 385 416 44.9 56.8 51.9 395 26.8 436
delivery
Institutional delivery 37.6 16.2 17.2 27.2 35.0 45.7 38.2 23.1 20.9 31.1
Cesarean delivery 23.8 9.2 10.6 14.6 24.5 30.6 22.5 11.8 10.9 19.2

4. DISCUSSION

The study analyzed demographic indicators, literacy, education rates, and unemployment rates in
Bangladesh. Male-headed households had similar patterns, with 87.8% in Cluster 1 and 88.8% in
Cluster 2. Literacy rates were higher in Cluster 1, and primary school attendance ratios varied.
Unemployment rates were minimal, but disparities were observed. However, the percentage is
significantly lower than the South Asian region (approximately 62%) and almost half the global
proportion (approximately 71%) [15]. Six districts, nhamely Narsingdi, Chapai Nawabganj, Laksmipur,
Rangpur, Sherpur, and Nilphamari, lagged behind the rest of the nation by more than 10 percentage
points on this indicator. Notably, four of these districts are situated in the northern and northwestern
regions of Bangladesh. Intriguingly, these districts have a greater than 10-point increase in the
percentage of women (15-49) who married before the age of 15 compared to the rest of the nation
(34% vs. 24%). Early initiation of lactation within one hour of birth is recommended by the World Health
Organization (WHO) [16] as the optimal practice. In South Asia, only 39% of infants are breastfed
within one hour of birth, compared to 44% worldwide. However, the rate of early initiation of lactation is
higher in Bangladesh (57.4%) than it is in South Asia and the world as a whole [15]. There are few
regional differences in the pattern of lactation indicators. 11 districts, including Jhalokati, Feni,
Jamalpur, Narail, Cox's Bazar, Chittagong, Meherpur, Pirojpur, Kurigram, Natore, and Lalmonirhat, are
significantly below the national average in terms of the proportion of newborns who are breastfed
within the first hour of life. Only 13.1% of infants in Pirojpur were breastfed within the first hour of birth,
the lowest rate of all districts. The reproductive health indicators are crucial for assessing maternal
health in Bangladesh. When it comes to antenatal care coverage, competent attendant at delivery, and
institutional delivery practices, 22 districts are well below the national average. These districts must
attain parity with the rest of the nation.



In Bangladesh, 19.1% of pregnancies occur via caesarean section, which exceeds the WHO-
suggested "medically necessary" target range of 10%-15% [17]. However, the average is significantly
higher in the plurality of districts (41 out of 64), where it is 23%, compared to the national average of
19.1%. Interestingly, only 9.1% of births in low-performing districts are via caesarean section, which is
close to the WHO-recommended threshold. This disparity may be the result of a correlation between
greater access to antenatal care and mode of delivery. The global prevalence of competent birth
attendants increased from 62% in 2000 to 73% in 2013 [18], but Bangladesh lags far behind with a
national prevalence of 43.5%. In addition, the percentage of births that occur in a health facility in
Bangladesh is considerably lower than the global average of approximately two-thirds [19]. Between
1993 and 2011, Bangladesh made significant progress in institutional delivery rates, increasing from
4% to 29% [20]. Five districts significantly outperform the national averages on literacy-related
indicators. These are Dhaka, Khulna, Faridpur, Munsiganj, and Rajshahi. Dhaka, Khulna, and Rajshahi
are the divisional capitals. Other divisional headquarters, including Chittagong, Barishal, and Sylhet,
are conspicuously absent. In Bangladesh, knowledge of HIV/AIDS in its entirety is uncommon. This
proportion is approximately 10% among female adolescents (15-19 years old), which represents
nearly half of the global prevalence. In addition, the urban-rural and richest-poorest ratios of
comprehensive HIV/AIDS knowledge among females aged 15-24 in Bangladesh are 1.8% and 8.9%,
respectively [15]. Bangladesh can be divided into two distinct clusters of 35 and 29 districts based on
the totality of all indicators. To address regional disparities, it is necessary to refocus health systems on
the accessibility and affordability of quality services for populations residing in disadvantaged areas
and to implement monitoring mechanisms to track progress over time. In addition, geospatial tools
could be incorporated into interventions to monitor activities, coverage, and variations in order to
identify concentrations and deploy resources accordingly. In addition, it is necessary to design
programmes and interventions based on various stratifications (such as rural, urban, and urban squalor
areas; wealthy and impoverished, geographically difficult to reach areas, and non-difficult to reach
areas, etc.). Through effective interventions and social advocacy, it may be possible to reduce regional
disparities by increasing health service providers' awareness of critical issues, such as effective
newborn care, reproductive health, and quality health services, as well as household members'
knowledge and attitudes towards good health practises and the benefits of these practises. In order to
optimise health outcomes at the subnational level in Bangladesh, disparities also necessitate the
decentralisation of national-level planning and budgeting.

4. CONCLUSION

The analysis of diverse clusters from Bangladesh offers valuable insights into the socio-economic and
health variables across the nation. The exploration of these factors revealed several regional
disparities, primarily driven by differences in demographic characteristics, education, unemployment,
and health indicators. Our study finds that some areas in Bangladesh, such as Dhaka, Khulna,
Faridpur, Munsiganj, and Rajshahi, significantly outperform the national averages on literacy-related
indicators, underlining the benefits of focusing resources on education. Nevertheless, significant
disparities exist, particularly in the Northern and Northwestern regions. The persistent regional
disparities discovered in this research have important implications. For instance, early marriage in
certain districts is significantly higher than the national average, which could have long-lasting negative
impacts on health and education outcomes for women. The relatively low rates of antenatal care and
competent birth attendants in several districts, along with the disparities in caesarean section rates,
suggest that considerable health inequities exist in the country. These areas must be targeted to
achieve health equity, particularly in maternal and newborn care. Furthermore, nutrition-related
indicators such as underweight, stunting, and wasting are alarming and demand targeted
interventions.To bridge these regional disparities, it is critical to devise tailored strategies that focus on
enhancing the accessibility, affordability, and quality of services in the underserved areas.
Incorporating geospatial tools in interventions can help identify areas of concentration and enable the
effective allocation of resources. Furthermore, it is crucial to design programmes considering various
stratifications like urban-rural, wealthy-impoverished, and geographically accessible-inaccessible
regions. Health service providers should be sensitized about these critical issues, including effective
newborn care, reproductive health, and quality health services. Moreover, promoting awareness
among household members about good health practices can significantly boost health outcomes.
These disparities underline the need for decentralisation of national-level planning and budgeting to
optimise health outcomes at the subnational level. Regional health equity can be facilitated through this
decentralisation, by which tailored policies, interventions, and resources can be effectively allocated



according to the specific needs of each region. Furthermore, future research should delve deeper into
the factors influencing these disparities, both at the individual and community levels. There is a
pressing need for studies that identify the underlying social, economic, and cultural determinants
contributing to these disparities. By doing so, we can design more targeted and effective strategies for
health equity. Our analysis highlights the persistence of regional disparities in Bangladesh in terms of
several crucial demographic, educational, and health indicators. Addressing these disparities will
require nuanced, region-specific interventions and policies, a holistic approach involving all
stakeholders, and a strong commitment to achieving health equity. The findings from this study could
provide a solid foundation for future research and policy development aimed at mitigating regional
disparities in Bangladesh.
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