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Abstract

Background Under-five mortality in Tanzania remains a persistent issue, significantly affecting both the health

and economic sectors. Despite various interventions, the under-five mortality rate (USMR) remains high, impeding
progress toward global health targets. This study investigates the factors influencing under-five mortality in Tanzania,
focusing on the gross domestic product (GDP), malaria incidence, access to water, and access to sanitation.

Methods The study employed data sets for Tanzania USMR, GDP, access to water and sanitation, and malaria inci-
dences from the World Bank for the years 1960-2020. Missing values are generated through the linear trend at point
method. To analyses the data, correlation analysis and Bayesian linear regression are employed.

Results The analysis reveals significant relationships between the gross domestic product (GDP), malaria incidence,
access to water, access to sanitation and under-five mortality. Furthermore, an increase in malaria incidences increase
under-five mortality by 0.14 (14%), while access to water and sanitation exhibit an uncertain relationship. On the other
hand, results show that an increase in the GDP lowers the likelihood of USMR.

Conclusion These findings underscore the importance of economic development and public health interven-

tions in reducing the child mortality rate. The study provides valuable insights for policymakers aiming to achieve
Sustainable Development Goal (SDG) Target 3.2 by 2030, which aims for all countries to accomplish USMR of 25

or less deaths per 1000 live births. By highlighting the relationships between these variables, the study contributes
practical evidence to support efforts towards SDG 3.2, emphasizing the need for targeted interventions in both health
and infrastructure sectors.
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Background

Under-five mortality (U5M) is a key indicator of public
health and socioeconomic well-being. Globally, millions
of children under five die annually from preventable
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The under-five mortality rate (USMR) decreased glob-
ally from 93 per 1000 live births in 1990 to 39 in 2017, but
sub-Saharan Africa has the highest rate of USMR of 76
per 1000 live births [5, 6]. About 80% of USM commonly
occur in sub-Saharan Africa, where the mortality prob-
lem of children under five is still high and unevenly dis-
tributed [4, 7, 8]. In Tanzania, despite a 54% reduction in
U5MR between 1999 and 2015, child mortality remains
a persistent challenge, driven by economic and health-
care inequalities [9]. USMR has decreased as a result of
macro- and microeconomic expansion, a low fertility
rate, increased female education, and reinforced public
health initiatives [10].

Several studies have examined the factors influenc-
ing under-five mortality both in sub-Saharan Africa and
globally. A wide range of determinants have been identi-
fied, including socioeconomic, demographic, and health-
related factors. Parental education, particularly maternal
education, has been consistently shown to reduce child
mortality by improving health practices and access to
care. Some studies have emphasized the positive impact
of maternal education on reducing U5M, particularly in
regions with limited healthcare infrastructure [11, 12].

Additionally, maternal age, socioeconomic status, birth
order, birth interval, and birth weight have also been
identified as significant predictors of child mortality
across different contexts [13—15]. Other studies highlight
the importance of geographic and household character-
istics [16—18]. The place and region of residence, gender
of the child, and family structure such as the number of
births in the last year and the number of children under
five are associated with variations in U5M. Dejene and
Girma [16] found that children living in rural areas or
from larger households tend to have a higher risk of mor-
tality due to reduced access to healthcare and economic
constraints, which was also highlighted in [17, 19]. Simi-
lar regional disparities in U5M within sub-Saharan Africa
are noted in [18, 20].

Furthermore, maternal and household characteristics,
such as the place of delivery, previous death of siblings,
marital status, and breastfeeding practices, have been
identified as key predictors of child mortality. Breast-
feeding significantly reduces the risk of under-five mor-
tality (U5M) [21, 22], while marital stability also plays a
crucial role in improving child survival rates [23]. Addi-
tionally, effective household management and healthy
family dynamics are vital factors influencing positive
child health outcomes, as highlighted in previous studies
[24, 25]

Environmental factors such as access to electric-
ity, clean water, safe sanitation, indoor air pollution
and domestic factors such as household size, domes-
tic violence have also been linked to U5M. Inadequate
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sanitation and air quality could increase the risk of infec-
tious diseases, which are leading causes of child mortality
in low-resource settings [11, 26, 27]. Additionally, Wang
[28] and Hossain et al. [29] provide evidence that improv-
ing household amenities can mitigate these risks and sig-
nificantly lower child mortality rates. The use of health
and family planning services has been shown to have a
significant impact on reducing child mortality [12, 25]. In
fact, access to healthcare services, including family plan-
ning and maternal health services, is strongly associated
with lower U5M rates, especially in sub-Saharan Africa
[30, 31]. These studies underscore the need for integrated
health interventions targeting both maternal and child
health to effectively reduce mortality rates.

However, studies focusing specifically on Tanzania are
limited, especially regarding the role of broader economic
and health indicators. This gap in the literature highlights
the need for a deeper understanding of the factors that
influence U5M in Tanzania. This study aims to address
this research gap by investigating the key factors influ-
encing U5M in Tanzania. This study contributes to the
existing literature by utilizing a Bayesian linear regres-
sion model to analyse the relationship between Gross
Domestic Product (GDP), access to water and Sanitation,
malaria incidences and U5M.

Methods

The data set for Tanzania USMR, Gross Domestic Prod-
uct (GDP), access to water and Sanitation and malaria
incidences from World Bank for the year 1960 to 2020
was considered [32]. The study focuses on four key deter-
minants of under-five mortality (U5M) in Tanzania: GDP,
access to water, access to sanitation, and malaria inci-
dences. The GDP represents economic health, correlating
with improved healthcare and reduced child mortality.
Access to water and sanitation helps prevent waterborne
diseases, while malaria remains a major child health risk
with high mortality and morbidity in children under five
[33]. These variables were selected based on data availa-
bility and their significance in global and Tanzanian con-
texts. To generate missing values, a linear trend at point
method was used. Though it assumes a linear pattern,
which may not always hold, it was chosen for its sim-
plicity and relevance to the study’s time-series data. This
approach aligns with the expected trends in GDP, water
access, sanitation, and malaria incidences.

Conceptual framework

The conceptual framework in Fig. 1 illustrates the rela-
tionships among GDP, access to water and sanitation,
malaria incidence, and under-five mortality. GDP is
hypothesized to influence under-five mortality positively,
as higher economic growth often leads to improved
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Fig. 1 Conceptual framework

healthcare access and better living conditions. Access to
clean water and sanitation is expected to reduce water-
borne diseases, thereby decreasing child mortality rates.
Malaria incidence is directly linked to under-five mor-
tality, with higher rates of malaria leading to increased
health risks for young children.

Correlation analysis

The Pearson correlation coefficient (r) which is the most
common way of measuring a linear correlation was used.
This calculates (quantifies the correlation between two
variables) the unit to which the raw data from both vari-
ables have linear relationships. The formula is given by:

(cov(X,Y))
p= )

(0x0y)

(1)

Bayesian linear regression

A statistical technique called regression analysis builds
the estimation model by estimating the relationship
between the independent variable (s) and the dependent
variable [34, 35]. Bayesian linear regression is a proba-
bilistic approach to linear regression that incorporates
uncertainty into the model’s parameters and predictions
[36, 37]. Bayes’ Theorem is used to update prior distribu-
tions with observed data to obtain posterior distributions
for the coefficients. This Theorem expresses the posterior
probability in terms of the prior probability and the con-
ditional probability [38, 39].

Bayesian linear regression was chosen for its capacity
to incorporate prior information and address uncertainty
in parameter estimates. Unlike traditional regression,
it generates posterior distributions, providing a better
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understanding of variable relationships. Bayesian linear
regression model is used to show how different factors
influence under-five mortality. Factors used are GDP,
incidence of malaria, access to water and access to sanita-
tion. Bayesian linear regression has the form [37]:

yi =X/ B+ & (2)

where y is the outcome variable while X is the matrix of
predictor variables (features), § is a kX 1 vector of coeffi-
cients (parameters) we want to estimate, and € represents
the error term normally distributed that is:

g~ N(O,oz) (3)

For normally distributed errors, the likelihood function
is often taken as

p(yIX.B) =N (Xip.o™1) @

where N (4, 0°I) is the multivariate normal distribution
with mean g and covariance matrix o°I. The posterior
distribution is denoted as

p(B.0%.x) o p(Blo? 3 X )p(a*nX)  (5)

Results

Correlation analysis

Figure 2 illustrates the relationship between under-five
mortality and GDP, malaria incidences, access to water,
and access to sanitation. There is a strong positive corre-
lation (0.985) between the incidence of malaria incidence
and U5MR. Due to the serious health effects of malaria
on young children, this result suggests that populations
with higher rates of malaria case incidence also tend to
have higher mortality rate among those under five, which
agrees with WHO estimate that tropical and sub-tropi-
cal regions where malaria is endemic carry a dispropor-
tionately high share of the global malaria burden: 95% of
malaria cases, 96% of malaria deaths of which about 76%
are children less than 5 years of age with [40].

Access to water and under-five mortality have a very
strong negative relationship, as indicated by the nega-
tive correlation coefficient of —0.985. In this instance, it
implies that the mortality rate for children under five
drops dramatically with increased access to clean water.
This suggests that communities with greater access
to sources of clean water typically have lower rates of
mortality among children under five, which makes
sense given the importance of clean water for sanita-
tion and child health. Access to sanitation and U5M
have a very strong negative correlation, as indicated
by the correlation coefficient of —0.985. It indicates
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Fig.2 Correlation analysis

that the under-five mortality rate dramatically declines
with improved access to sanitation facilities. Thus,
lower rates of under-five mortality are typically found
in areas with better sanitation facilities, which makes
sense given that good sanitation can lower the risk of
infections and diseases spread by water such as cholera
(Fig. 2).

Furthermore, a strong negative correlation between
a nation’s GDP and under five mortality is indicated by
the negative correlation coefficient of —0.839. That is, a
nation’s under-five mortality rate tends to decline as its
GDP rises. As a result of improved living conditions,
healthcare, and nutrition, it appears that countries with
higher economic wealth tend to have lower rates of
under-five mortality. Although access to water and sani-
tation show strong negative correlations with U5M, the
Bayesian regression analysis reveals wide confidence
intervals for these variables, indicating significant uncer-
tainty in their actual effect on child mortality.
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Analysis of trace plots for Bayesian linear regression model
Figure 3 depicts the trace plots for the Bayesian linear
regression model, which assesses the convergence and
mixing of the Markov Chain Monte Carlo (MCMC) sam-
ples. The trace plots show that the MCMC chains have
reached a stationary state, indicating that the model
has sufficiently explored the entire posterior distribu-
tion. Good mixing is observed, as the parameter values
move freely without getting stuck in any specific region,
suggesting that the model has converged to a reliable
estimate of the posterior distribution. This convergence
confirms the robustness of the results, as the posterior
distributions are stable and represent the true underlying
relationships between the variables.

Model coefficients estimates
Table 1 presents the results of the Bayesian regres-
sion analysis using a Gaussian family distribution to
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Fig. 3 Trace plots for Bayesian linear regression model
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Table 1 Bayesian linear regression

Draws: 4 chains, each with iter=15000; warmup =500; thin=1

Total post-warmup draws =58000

Estimate Est.Error 1-95%Cl u-95% Cl Rhat
Intercept —380.03  900.5 —21638 139293 1
Malaria incidence  0.14 0.07 0 028 1
Access to water 23 43.99 —63.6 110.13 1
Access to sanitation —29.76 54.62 —137.97 77.72 1
GDP -19 1.08 —4 0.25 1

examine the factors influencing mortality among chil-
dren under five. With a wide uncertainty range shown
by the 95% confidence interval (—2163.87,1392.93),
the intercept (constant variable), which represents the
estimated baseline under-five mortality when all pre-
dictor variables are zero, was found to be —380.03. The
positive estimate for malaria incidences (0.14), which
is reflected in a narrow confidence interval, indicates
that an increase in malaria incidence is linked to a cor-
responding rise in mortality among children under five.
Though the large confidence interval indicates signifi-
cant uncertainty in the relationship, improved access to
water (Estimate: 23.00) demonstrated a positive asso-
ciation with under-five mortality.

On the other hand, there was a negative correlation
between under-five mortality and improved access
to sanitation (estimate:—29.76). The relationship is
uncertain, as indicated by the wide confidence inter-
val. Despite access to water and sanitation showing
strong correlations in the earlier analysis, the Bayesian
regression reveals that the true effects of these variables
may vary widely, likely due to other complex interact-
ing factors or the nature of the data. This uncertainty
suggests that while water and sanitation are crucial
for child health, their impact on mortality may not be
as straightforward or consistent across different con-
texts. With a relatively narrow confidence interval, the
negative GDP estimate (—1.90) indicates that there is
a positive correlation between GDP growth and lower
under-five mortality. Effective sample sizes and Rhat
values near 1.00 support the overall convergence to a
stable solution of the model, ensuring the reliability
and accuracy of the results. Based on the results, only
malaria incidences and GDP were found to have effects
on under-five mortality due to the narrow confidence
interval, which indicates a significant relationship.
Access to water and to sanitation show a relationship
with under-five mortality during correlation analysis
but show an uncertainty relationship in Bayesian linear
regression due to the wide confidence interval.
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Discussion

Mortality of children under the age of five from prevent-
able causes is a major challenge worldwide. Address-
ing critical causes of U5M is an essential component for
achieving the SDGs. Key factors influencing under-five
mortality (U5M) in Tanzania and their correlations are
highlighted herein, providing insights that can inform
targeted policy interventions. A major finding is the
negative relationship between GDP and U5M, under-
scoring the role of economic development in improving
child health. As the economy grows, it enables better
healthcare infrastructure, improved living conditions,
and greater access to essential services, all of which con-
tribute to reducing child mortality. This aligns with prior
research, such as Rahman et al. [41], which similarly
found that higher GDP leads to better health outcomes
by increasing resources allocated to healthcare. These
results support the need for sustained economic policies
aimed at equitable growth and poverty reduction, espe-
cially in regions with high child mortality rates.

The study also highlights a strong positive association
between malaria incidence and U5M, pointing to the
urgent need for robust malaria control measures. Malaria
remains a major health risk for children in Tanzania, and
the study’s results reinforce the importance of expanding
malaria prevention strategies such as insecticide-treated
bed nets, indoor residual spraying, and timely treat-
ment of infections. This echoes Van Malderen et al. [2],
who also identified malaria as a significant contributor to
child mortality. The study suggests that reducing malaria
infection rate could substantially improve child survival
and general public health in Tanzania.

The impact of access to water and sanitation on U5M is
more uncertain in this study, despite strong correlation,
but an uncertainty relationship in Bayesian linear regres-
sion due to the wide confidence interval. While access
to clean water and sanitation is widely regarded as criti-
cal for preventing waterborne diseases, the regression
results suggest that their effects on child mortality might
be influenced by other intervening variables or socio-
economic factors. This contrasts with studies like those
by Dendup et al. [1] and Sharow et al. [4], which empha-
sized sanitation as a key determinant of child survival.
The results imply that improving water and sanitation
alone may not suffice in reducing U5M without address-
ing broader health and socio-economic challenges, such
as poverty, education, and access to healthcare.

Policy implication

The study highlights key policy implications for reduc-
ing under-five mortality (U5M) in Tanzania, with a
focus on economic development, malaria control, and
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improvements in water and sanitation infrastructure.
Promoting inclusive economic growth is essential, as
higher GDP correlates with lower U5M, while scaling up
malaria prevention programs is crucial due to the signifi-
cant link between malaria incidence and child mortality.
Despite uncertainty in the relationship between water,
sanitation, and U5M, improving access to these services
remains important for public health and aligns with SDG
6 (Clean Water and Sanitation). Strengthening healthcare
infrastructure, enhancing data collection, and fostering
cross-sectoral collaboration are also vital for achieving
SDG@G Target 3.2 and reducing preventable child deaths.

Strength and limitation of the study

The study’s strengths lie in its extensive 60-year dataset
and the use of rigorous analytical methods, offering valu-
able insights into the relationship between under-five
mortality (U5M) and key factors like GDP, malaria inci-
dence, and access to water and sanitation. These could
potentially provide actionable, context-specific policy
recommendations for Tanzania. However, limitations
include potential biases from missing data, particularly
for water and sanitation access, and the uncertain nature
of these variables’ effects on U5M, warranting further
investigation. While the Tanzania-specific focus might
limit generalizability, it enhances the study’s relevance for
localized policymaking, with potential for comparative
studies across similar regions especially developing coun-
tries. Bayesian linear regression model provides a proba-
bilistic framework that incorporates prior knowledge and
is more resilient to outliers, making it particularly effec-
tive for analysing incomplete or uncertain data.

Conclusion

Malaria incidence and GDP are the primary predictors
of under-five mortality in Tanzania, with a positive cor-
relation between malaria cases and child mortality, and
a negative correlation between GDP and child deaths.
While access to water and sanitation showed uncertainty
in the Bayesian regression, this should not diminish the
importance of improving these services for broader pub-
lic health. To reduce under-five mortality, future policies
should focus on scaling up malaria prevention efforts,
such as the distribution of insecticide-treated nets and
access to anti-malarial treatments, as well as promot-
ing economic growth through investments in health-
care, education, and infrastructure. For future research,
deeper investigation into specific interventions for water
and sanitation and the inclusion of other socioeconomic
factors could provide additional insights. A comprehen-
sive approach combining health, economic, and infra-
structure policies is key to achieving reductions in child
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mortality and meeting the Sustainable Development

Goals (SDGs).
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