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Abstract

The rise in Caesarean section rates, which often exceed World health organization recommendations, has sparked global concern,
particularly in Tanzania. Despite a notable increase in Caesarean deliveries, differences exist both within and between countries,
largely due to factors influencing these procedures. This study aimed to validate logistic regression model in predicting and analyze
the determinants of Caesarean delivery among Tanzanian women aged 15 to 49 using data from the 2022 Tanzania Demographic
and Health Survey (TDHS). Employing a quantitative cross-sectional design, the research analyzed responses from 3,876 women,
focusing on demographic, socioeconomic, and health system variables. Utilizing Pearson chi-square tests and binary logistic
regression, it found that education, urban residence, and household wealth significantly increased the likelihood of Caesarean
sections. However, the logistic regression model revealed limitations in predicting Caesarean deliveries, correctly identifying only
2.0% of such cases. The study underscores the necessity of refining predictive models to enhance the accuracy of Caesarean
delivery predictions, indicating that targeted healthcare interventions could improve maternal health outcomes in Tanzania.
Policymakers should improve predictive modeling for Caesarean birth rates, improve women's education, expand access to rural
health care, increase health insurance coverage, promote regular prenatal care, and encourage collaboration to achieve equitable

maternal health and better outcomes for women to ensure women.
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1. Introduction et al., 2016). The rising rates of Caesarean deliveries

Caesarean section (CS) is a crucial surgical procedure ~ have garnered global research attention, especially as

performed when specific obstetric conditions make
vaginal delivery unsafe (Betran et al., 2016; Zainab et al.,
2023). Access to obstetric care is vital for reducing
maternal and perinatal mortality,  contributing
significantly to global efforts to lower maternal deaths to

fewer than 70 per 100,000 live births by 2030 (Thomas

some nations exceed the World Health Organization's
recommended threshold of 10-15% (WHO, 2015; Adu-
Bonsaffoh et al., 2022). While CS rates are rising
worldwide, substantial disparities persist both between
and within countries. These disparities can be attributed
to  various factors,

including  demographic
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characteristics, socioeconomic status, and health

system variables (Zahroh et al., 2020).

However, the increasing prevalence of CS in sub-
Saharan Africa raises significant public health concerns
related to maternal and neonatal morbidity and mortality
(Keag et al., 2018; Rossi et al., 2020). The Caesarean
section rate in Tanzania increased from 2% in 1996 to
11% in 2022, accompanied by a 60% increase in total
births, resulting in 120,000 Caesarean sections annually.
Despite this growth, only 43% of procedures were
performed in fully equipped facilities in 2014-2015
2018). The 2022 Tanzania

Demographic and Health Survey found significant

(Cavallaro et al.,

disparities in Caesarean delivery rates between private
(30%) and public (12%) facilities, urban (19%) and rural
(8%) areas, and socioeconomic quintiles (TDHS-MIS,
2022). identified

demographic and socioeconomic factors as significant

While previous studies have
determinants of Caesarean section rates using
multivariable binary logistic regression, there is a lack of
rigorous statistical validation to ensure the accuracy of
these models for predicting CS probability, highlighting
the need for extensive testing to confirm their predictive
accuracy and fit (Binyaruka & Mori, 2021; Fagerland &
Hosmer, 2012; Morabu et al., 2022; Shipe et al., 2019).

Statistical validation plays a crucial role in modeling the
determinants of Caesarean section (CS) delivery among
women aged 15 to 49 by ensuring the accuracy,
reliability, and generalizability of research findings. It
enables researchers to assess the strength and
significance of relationships between key variables such

as maternal age, parity, socioeconomic status, and

access to healthcare services (Ladfors & Janssen,
2023). Appropriate validation techniques, including
cross-validation, goodness-of-fit testing, and model
diagnostics, help reduce bias, detect model specification
errors, and ensure reliable representations of real-world
conditions (Ting et al., 2023). This process enhances the
credibility of predictive models by ensuring that results

reflect actual trends rather than chance occurrences.

This study aimed to validate the logistic regression
model in predicting and analyze the determinants of
Caesarean delivery among Tanzanian women aged 15
to 49 using data from the 2022 Tanzania Demographic
and Health Survey (TDHS). By addressing this analytical
gap, the research seeks to enhance maternal health
outcomes through improved forecasting, informed
healthcare interventions, and the formulation of effective

policies.

2. Literature Review

This literature review provides an overview of the
theoretical and empirical foundations relevant to the
study of the determinants of Caesarean delivery,
focusing in particular on a logistic regression model
applied to data from the Tanzania Demographic and
Health Survey (TDHS) 2022. The section begins with a
theoretical review of models that identify the factors
influencing Caesarean section decisions, including
individual perceptions and broader social determinants.
Following this theoretical framework, empirical evidence
from previous studies was reviewed to contextualize and

validate this study.
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2.1 Theoretical literature review on the determinant
and predicting Caesarean section delivery

The decision to perform a Caesarean section is
influenced by various factors that can be understood
through different theoretical frameworks. This section
examines two relevant theories that provide insight into
the determinants and prediction of Caesarean delivery:
the Health Belief Model (HBM) and the Social
Determinants of Health (SDH) model.

Health Belief Model (HBM) Developed by social
psychologist Irwin Rosenstock in the 1960s, the Health
Belief Model assumes that a person's health behavior is
influenced by their perception of health risks and their
beliefs about the benefits of taking actions to reduce
those risks (Green et al., 2020). In the context of
Caesarean delivery, this model can illuminate how
women's perceptions of the risks associated with
childbirth, as well as their beliefs about the safety,
effectiveness and necessity of Caesarean delivery,
impact their decision-making processes. Assuming that
women who perceive a higher risk of complications from
a vaginal delivery may be more inclined to choose a
Caesarean section if they believe that this surgical
procedure will result in more favorable health outcomes

for themselves and their infants.

The Social Determinants of Health (SDH) framework
highlights the importance of social, economic and
environmental factors in shaping health outcomes. This
framework assumes that various determinants such as
socioeconomic status, education, access to health
services, and cultural attitudes toward childbirth

significantly influence the frequency of Caesarean births

January 8, 2025

(Shokouh et al., 2017). This study assumes that women
from higher socioeconomic backgrounds often have
better access to quality health services, which may lead
to an increased likelihood of Caesarean sections when

deemed necessary

2.2 Empirical literature review on the determinant
and predicting Caesarean section delivery

Different studies focusing on the determinant of mode of
delivery have been conducted in different countries, with
results varying from study to study. However, not much
has been reported on the statistical analysis and
adequacy of the model used to determine the
probabilities or probabilities of the factors leading to

vaginal delivery or Caesarean section.

The studies reviewed covered the factors influencing
Caesarean section (CS) utilization, including women's
education levels, household income, and number of
antenatal care visits. The Tegegne et al., (2022) study
found that these factors significantly predict CS
utilization, with access to health facilities also playing a
crucial role. However, several studies lack robust
statistical validation, failing to report model fit indices
such as the Hosmer-Lemeshow test and neglecting to

address multicollinearity issues.

Studies by Mazzoni et al., (2016), Misaeli et al., (2017),
Tenaw etal., (2019), Welay et al., (2021), Adu-Bonsaffoh
et al., (2022) Anaman-Torgbor et al., (2022) and Morabu
et al,, (2022) identified various determinants of CS,
including socioeconomic status, health system factors,

and demographic characteristics. However, these
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studies failed to discuss model fit issues or report the

results of model fitting tests.

The study by (Zahroh et al., 2020) found an increase in
CS rates over time, with differences depending on facility
type and education level. However, the study did not
address the adequacy of the logistic regression model
and potential issues in handling survey weights. This
highlights a gap in knowledge about accurately
determining and predicting probabilities of factors

affecting CS and the fit of statistical models.

The studies reviewed demonstrate that socioeconomic

status, health system factors, and demographic
characteristics influence delivery methods. However, the
lack of robust statistical validation raises concerns about
the reliability of findings and the ability to accurately
predict probabilities of CS utilization. It is essential to
address these gaps to develop targeted health policies
that ensure equitable access to necessary surgical
procedures and improve maternal and newborn

outcomes.

Table 3. 1: Variables descriptions

3. Methodology

This study utilized a quantitative research approach,
drawing on numerical data from the 2022 Tanzania
Demographic and Health Survey and Malaria Indicator
Survey (TDHS-MIS) data set. A cross-sectional design

was implemented.

The target population comprised 15,254 women of
reproductive age (15-49 years) who had given birth in
the five years prior to the survey, with the analysis
focusing on a subset of 3,876 women. This age range
aligns with the World Health Organization's standards for
reproductive health studies (WHO, 2006).

The dependent variable was the mode of delivery,
categorized as either vaginal delivery (encoded as "0")
or Caesarean section (encoded as "1"). Independent
variables encompassed demographic factors (including
age, marital status, education level, and age at first
birth), socioeconomic factors (such as residence, wealth
index, and employment status), and health system
factors (including distance to health facility, number of

antenatal visits, and health insurance coverage).

Description
This variable was categorized as follows:
1=15-19, 2=20-24, 3=25-29, 4=30-34, 5=35-39, 6=40-44,

7=45-49.

Grouped into: 0=Single, 1=married, 2=living with partner,

3=widowed, 4=divorce, 5=separated.

SIN Demographic variables

1 Women'’s age

2 Marital status

3 Women'’s education level

This variables was categorized as follows:
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0 = no education; 1 = primary level; 2 = secondary level; 3

= tertiary/Higher

4 Women’s age at 15t birth

Socio-economic variables

This variable was categorized as follows:
1=8-15, 2=16-21, 3=22-29, 4=30-37, 5=38-45

This variable was categorized as
1=Rural; 2= Urban

This variable was categorized as 1= Poorest; 2 = Second;

3= Middle; 4 = Fourth; 5 = Richest

5 Place of residence (Rural/Urban)
6 Households’ wealth Index
7 Employment status

Health system factors

This variable was categorized as

1= unemployed; 2 = employed; 3= self-employed

This variable was categorized as

0 = No problem, 1 = Big problem, 2 = Not a big problem

8 Distance to health facilities
9 Number of antenatal visit
10 Health insurance coverage

This variable was categorized as
1 = Less than 4 visits, 2 = 4-7 visits, 3 = 8 or more visits.

This variable was categorized as

0=No; 1=Yes

Dependent variable

1 Mode of delivery

The mode of delivery was categorized as;

0 =vaginal delivery, 1 = Caesarean section

Source: THDS-MIS data Coding manual (2024)

3.1 Data Analysis

Data analysis was carried out with the assistance of
Statistical Package for Social Sciences (SPSS) software
version 25, for women aged 15 to 49 years. To determine
the relationships between the dependent variable (mode
of delivery) and various explanatory variables, the
Pearson Chi-Square test of independence was
employed, facilitating an examination of associations

among categorical variables.

Afterward, binary logistic regression analysis was
conducted to identify predictors of the mode of delivery.
A 95% confidence interval for the odds ratio was
established, with a significance threshold set at P < 0.05,
to evaluate the relationships between the dependent
variable and independent demographic, economic, and

health system factors.
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The logistic regression model incorporated all relevant
variables treating the mode of delivery as a binary
outcome (0 for vaginal delivery and 1 for Caesarean
section). Model fit and classification statistics for the
logistic regression were assessed using several metrics,
including -2 Log Likelihood, Cox & Snell R Square,
Nagelkerke R Square, and the Hosmer and Lemeshow
test (including Chi-square value, degrees of freedom,
and significance level). Furthermore, the overall
percentage of correctly classified cases and the
classification for vaginal delivery were evaluated to

determine the model's predictive accuracy.

The logistic regression model is given as;
1 ( P(Y=1 )
B\1-Py=1
= Bo + B1X1 + B2Xy + - BuXn
Where:

P is the probability of the outcome occurring.

P(Y=1 .
log (1_P (Y=1) is the log-odds of the outcome

B is the intercept term.

B1,B, ... Bn are the coefficients for the predictor
variables.

Y = is the mode of delivery (0 = vaginal delivery, 1 =
Caesarean section)

X;i=1,2,3,...n are predictors variables

Using the coefficients from the logistic regression, the
probability of each mode of delivery for a given set of

predictors is calculated as:
eBO+B1X1+BZX2 +:-BnXn

P(Y - 1) - 1 + eBotB1X1+B2Xz2+BnXn

4. Findings and discusions

The 2022 Tanzania Demographic and Health Survey
and Malaria Indicator Survey (2022 TDHS-MIS)
surveyed a total of 15,254 women aged 15 to 49 years
in rural and urban areas of this population, 3,876 women

met the inclusion criteria for the analysis of this study.

To examine associations between the mode of delivery
and various explanatory variables, a Pearson chi-square
test of independence was conducted for the categorical
variables. The test aimed to determine whether there is
a statistically significant relationship between the
dependent and independent variables, with the
significance level set at a p-value of less than 0.05. If the
p-value met this criterion, the null hypothesis that the two
variables are independent was rejected, indicating a
significant relationship. The following tables provide a

summary of these results.

Table 4.1: Test of association between mode of

delivery and demographic variables

Demographic Chi- Degrees  P-
Variable square of value

Value Freedom

(df)

Women'’s age 12.215 6 0.057
Women’s 99.37 3 0.0
educational level
women’s age at | 103.286 4 0.0
at 1st birth
Current  marital | 1.604 4 0.808
status

Source: Author's computations (2024)
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The results presented in Table 4.1 show that the variable
“Age of Woman” has a chi-square value of 12.215 and a
p-value of 0.057, indicating no statistically significant
association with the type of delivery at the significance
level of 0, 05 points out. Conversely, the “education level
of women” has a chi-square value of 99.37 and a p-value
of 0.000, which means a statistically significant
association with the type of transmission. The “age of
women at first birth” also shows a strong connection with

a chi-square value of 103.286 and a p-value of 0.000.

January 8, 2025

In contrast, “current marital status” shows a chi-square
value of 1.604 and a p-value of 0.808, indicating no
significant association with mode of delivery at the 0.05
significance level. Given these results, it is
recommended to include the variables “education level
of women” and “age of women at first birth” in the binary
logistic regression model to effectively predict the type of

delivery.

Table 4.2: Test of association between mode of delivery and economic variables

Economic Variable

Chi-square Value

Degrees of Freedom P-value

(cf)
Types of residence 56.739 1 0.000
Household wealth index 123.652 4 0.000
Women'’s occupation 87.75 8 0.000

Source: Author's computations (2024)

The results in Table 4.2 show that the type of residence,
household wealth index and woman's occupation all
have a statistically significant association with the type of
delivery, as evidenced by their chi-square values
(56.739, 123.652 and 87.750, respectively) and p-values

of 0.000 is displayed. Therefore, it is recommended to
include all these economic variables in the binary logistic
regression model to predict the mode of delivery for

pregnant women.

Table 4.3: Test of association between mode of delivery and health system factors

Health System Factor Chi-Square Value Degree Of Freedom P-Value
(D)

Distance To Health Facility 10.363 1 0.001

Number Of ANC Visits 42.093 2 0.0

Covered By Health Insurance 47.931 1 0.0

Source: Author's computations (2024)
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The chi-square tests in Table 4.3 demonstrate significant
associations between health system factors and the
mode of delivery. Specifically, distance to healthcare
facility (chi-square = 10.363, p = 0.001), number of ANC
visits (chi-square = 42.093, p = 0.000), and health
insurance coverage (chi-square = 47.931, p = 0.000) are

all significant.

Therefore, demographic variables (education of women
and age at first birth), economic factors (type of
residence, household wealth index and occupation of
women) and health system factors (distance to health

facility, number of ANC visits, etc.) are recommended to

be included in health insurance coverage) in the binary

logistic regression model to predict the delivery type.

4.2 Logistic regression analysis.

The binary logistic regression was fitted with the data
concerning the factors influencing the mode of delivery
among the pregnant women in Tanzania. Tables 4.2.1
describe the baseline and goodness of it statistics of the
model. These statistics include measures of model fit
and classification accuracy, providing a comprehensive
overview of the model's performance and explanatory

power.

Table 4.2.1: Model fit and classification statistics for logistic regression

Statistic Value

-2 Log likelihood 2845.152
Cox & Snell R Square 0.045
Nagelkerke R Square 0.082
Hosmer and Lemeshow Test (Chi-square) 12.611
Hosmer and Lemeshow Test (df) 8
Hosmer and Lemeshow Test (Sig.) 0.126
Overall Percentage (Correctly Classified) 86.9%
Vaginal Delivery (Correctly Classified) 99.8%
Caesarean Section (Correctly Classified) 2.0%

Source: Author’'s SPSS computations (2024)

Table 4.2.1 indicates that the logistic regression model
has a reasonable fit with a log probability of -2845.152.
The Cox & Snell R-squared (0.045) and Nagelkerke R-
squared (0.082) show modest explanatory power, while
the Hosmer-Lemeshow test (chi-square = 12.611, p =
0.126) confirms good fit. The model has high overall

classification accuracy at 86.9% but excels at predicting
(99.8%)

Caesarean sections (2.0%).

vaginal deliveries and poorly predicts
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4.3 Logistic regression output on mode of delivery

Table 4.3.1: Variables in the Equation

January 8, 2025

Predictor Variable B S.E. Wald  df Sig. Exp(B) 95% CI for
Exp(B)
Women's age at 1st birth (8-15) 18.421 1176 0.0 10002 99501 0.000-.
Women's age at 1st birth (16-21) 18.568  0.466 0.0 1 0.018 11.399  0.000-.
Women's age at 1st birth (22-29) 18.97 0.358 0.0 10025 17.84 0.000 - .
Women's age at 1st birth (38-45) 19.649  0.451 0.0 1 0043 34701 0.000-.
Women's  educational level (No | -0.672  0.389 2984 1 0.084 0.511 0.238 - 1.098
education)
Women's educational level (Primary) -0.213  0.352 0365 1 0546 0.808 0.405-1.611
Women's educational level (Secondary) | -0.028  0.339 0.007 1 0935 0.973 0.501-1.889
Type of place of residence (Urban) 0.195 0.123 2521 1 0112 1.215 0.955 - 1.545
Wealth index (Poorest) -0.714  0.233 938 1 0002 0.489 0.310-0.770
Wealth index (Poorer) -0.49 0.204 5.77 1 0016 0.613 0.411-0.914
Wealth index (Middle) 0218  0.167 1698 1 0.193 0.804 0.579-1.116
Wealth index (Richer) -0.265  0.139 3613 1 0.057 0.767 0.584 - 1.008
Employment status (Unemployed) -0.017  0.129 0017 1 0.89% 0.983 0.763 - 1.266
Employment status (Employed) 0.06 0.126 0228 1 0633 1.062 0.829 - 1.361
Distance to health facility (Big problem) | 0.043 0.124 0123 1 0726 1.044 0.819-1.331
Covered by health insurance (No) 0491  0.186 6.967 1 0.008 0.612 0.425-0.880
Number of ANC visit (1-3 visits) 0816  0.235 12073 1 0.001 0.442 0.279-0.700
Number of ANC visit (4-7 visits) 0.6 0.207 8382 1 0004 0.549 0.366 - 0.823
Constant -19.169 402522 0.0 1 10 0.0

Source: Author's SPSS computations (2024)

The result in Table 4.3 indicates a strong positive
correlation between women's age at first birth and health
outcomes. Women who gave birth between the ages of
8 and 15 years have an extremely high probability of a
favorable outcome (Exp(B) = 99.501, p = 0.002).
Likewise women aged 16-21 (Exp(B) = 11.399, p =
0.018), 22-29 (Exp(B) = 17.84, p = 0.025) and 38-45
(Exp(B) = 34.701)., p =). 0.043) also show an increased

probability, indicating that age is a crucial factor affecting

health outcomes.

Regarding educational level, uneducated women show
lower odds of achieving positive outcomes (Exp(B) =
0.511, p = 0.084), but this finding is not statistically
significant.  Furthermore, primary and secondary
education levels do not have a significant impact on the

results, suggesting that education may have less
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influence compared to other factors. Type of residence,
whether urban or rural, also shows no significant

association with health outcomes.

Wealth status is a significant factor, with women in the
poorest (Exp(B) = 0.489, p = 0.002) and poorer
categories (Exp(B) = 0.613, p = 0.016) having
significantly lower odds of favorable outcomes. There is
also no significant relationship between employment
status and access to healthcare facilities. Additionally,
women without health insurance face disadvantages
(Exp(B) = 0.612, p = 0.008), and fewer antenatal care
(ANC) visits correlate with poorer outcomes, highlighting

the importance of healthcare engagement.

5. Discussions

The results of this study detected the significant factors
influencing the mode of delivery among women of
pregnancy age in Tanzania, using data from 2022
TDHS-MIS. This study is exclusively concerned with the
statistical validation of a predictive model for the
probability of Caesarean section (CS), an area that has

received little research.

This study found that higher educational attainment by
women's age at first birth, women’s, urban residence,
and household’s wealth index significantly increased the
likelihood of Caesarean delivery. These findings support
previous studies that identified similar determinants in
different locations (Misaeli et al., 2017; Tenaw et al.,
2019; Zahroh et al., 2020; Binyaruka & Mori, 2021;
Welay et al., 2021; Tegegne et al., 2022; Adu-Bonsaffoh
et al., 2022; Zewude et al., 2022; Yussuph & Alwy Al-
Beity, 2023).

10

Health system factors, such as the number of antenatal
care (ANC) visits and health insurance coverage, were
also significant. Women with fewer ANC visits and those
without health insurance were less likely to have a
Caesarean section. This is almost consistent with the
studies (Zahroh et al., 2020; Morabu et al., 2022;
Tegegne et al., 2022).

The logistic regression model used in this study
demonstrated adequate fit as indicated by the Hosmer-
Lemeshow goodness-of-fit test, but demonstrated
limitations in accurately predicting Caesarean sections,
as the overall classification accuracy of the model is high
at 86.9% in predicting vaginal deliveries at 99.8%, while
only 2.0% of Caesarean sections are correctly predicted.
Since the factors involved in this study are the same as
those of the previous studies and draw conclusions for
the determinants of CS delivery, it is not effective in
capturing the factors leading to Caesarean sections.
This suggests the need for further refinement and
perhaps the inclusion of more predictors or alternative
modeling approaches to improve prediction accuracy
(Fagerland & Hosmer, 2012; Zhai et al., 2018; Shipe et
al., 2019).

6. Conclusions

This study examined data from the 2022 Tanzania
Demographic and Health Survey to identify factors
influencing Caesarean section (CS) delivery among
women aged 15 to 49 years using a cross-sectional
design and binary logistic regression. Key predictors of
CS included woman's age at first birth, education level,
urban residence, household wealth, health insurance

coverage, and number of prenatal care visits. Although
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the logistic regression model showed adequate fit and
high accuracy in predicting vaginal deliveries, its
effectiveness in predicting CS was limited, suggesting
the need for additional predictors or refined modeling
approaches. The results highlight the importance of
socioeconomic and health system factors in determining
delivery methods and suggest that targeted interventions
may be needed to improve maternal health outcomes in

Tanzania.

7. Recommendations

To reduce disparities in Caesarean delivery rates,
policymakers should improve predictive modeling by
incorporating relevant variables in predicting pregnant
women's delivery methods. The study also recommends
improving women's education, expanding access to rural
health care and increasing health insurance coverage.
Promoting regular ANC visits and reducing wealth-
related barriers will enable informed delivery decisions.
Collaborative efforts that include government initiatives,
community engagement, and training of health care
providers are critical to ensuring equitable maternal

health care and better health outcomes for women.
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