LUND UNIVERSITY

Improving neonatal survival in East Africa Analysis of maternal service utilization,
effectiveness of care and risk factors for neonatal mortality in Kenya, Uganda, and
Tanzania.

Ochieng Arunda, Malachi

2021

Document Version:
Other version

Link to publication

Citation for published version (APA):

Ochieng Arunda, M. (2021). Improving neonatal survival in East Africa Analysis of maternal service utilization,
effectiveness of care and risk factors for neonatal mortality in Kenya, Uganda, and Tanzania. [Doctoral Thesis
(compilation), Department of Clinical Sciences, Malmg]. Lund University, Faculty of Medicine.

Total number of authors:
1

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

« You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00


https://portal.research.lu.se/en/publications/fce77f7d-a02a-4a7e-adaa-2051780d97e8

Improving neonatal
survival in East Africa

Analysis of maternal service utilization, effectiveness of care and risk
factors for neonatal mortality in Kenya, Uganda, and Tanzania

MALACHI OCHIENG ARUNDA
SOCIAL MEDICINE AND GLOBAL HEALTH | FACULTY OF MEDICINE | LUND UNIVERSITY

_—




LUN

UNIVERSITY

FACULTY OF
MEDICINE

Department of Clinical Sciences, Malmo
Social Medicine and Global Health

Lund University, Faculty of Medicine
Doctoral Dissertation Series 2021:147
ISBN 978-91-8021-154-3

ISSN 1652-8220

Printed by Media-Tryck, Lund 2021 % NORDIC SWAN ECOLABEL 3041 0903




Improving neonatal survival in East Africa

Analysis of maternal service utilization,
effectiveness of care and risk factors for neonatal mortality
in Kenya, Uganda, and Tanzania.

Malachi Ochieng Arunda

LUND

UNIVERSITY

DOCTORAL DISSERTATION
by due permission of the Division of Social Medicine and Global Health,
Department of Clinical Sciences, Faculty of Medicine, Lund University, Sweden.
To be defended at CRC Aula, on 15" December 2021, at 13:00.

Faculty opponent
Associate Professor Peter Waiswa,
Makerere University, Uganda

Supervisor: Associate Professor Benedict Oppong Asamoah, Division of Social
Medicine and Global Health, Department of Clinical Sciences,
Faculty of Medicine, Lund University

Co-Supervisor: Professor Anette Agardh, Division of Social Medicine and
Global Health, Department of Clinical Sciences, Faculty of Medicine,
Lund University



Organization Document name

LUND UNIVERSITY DOCTORAL DISSERTATION
Faculty of Medicine. Department of Date of issue: 15th December 2021
Clinical Sciences Malmg. Division of
Social Medicine and Global Health

Author: Malachi Ochieng Arunda Sponsoring organization

Title: Improving neonatal survival in East Africa: analysis of maternal service utilization, effectiveness of care
and risk factors for neonatal mortality in Kenya, Uganda, and Tanzania.

Abstract

Despite profound progress made in reducing neonatal mortality, it remains one of the major global health
challenges. In 2019, the World Health Organization estimated that 2.4 million neonatal deaths occurred,
accounting for over 45 percent of under-5 deaths worldwide. Most of these neonatal mortalities occur in low-
and middle-income (LMIC) with East African countries of Kenya, Uganda and Tanzania among countries
reporting persistent slow decline in neonatal death rates. The major causes of neonatal deaths

include prematurity, infections and birth complications, most of which are preventable. Very limited population-
based research has been conducted to examine determinants of continued care utilization from pregnancy to
postnatal period, effectiveness of care as well as the impact of leading risk factors for neonatal deaths in
Kenya, Uganda and Tanzania. Thus, the aim of this thesis was to examine the determinants of maternal care
utilization, effectiveness of care and risk factors for neonatal mortality in Kenya, Tanzania, and Uganda. The
findings, of which are contributing to further research around the world and could have significant implications
for policy development, prioritization and resource allocations in public health and care systems in the three
most populated East African Community countries. We used nationally representative cross-sectional data
from the demographic and health surveys in the respective countries. In Study | we found that lack of
antenatal (ANC) attendance, unskilled ANC provision and lack of check-ups for pregnancy complications were
among the leading indirect risk factors for preventable neonatal mortality in Kenya. Study Il concluded that low
birthweight contributes a substantial proportion of neonatal deaths in Uganda. Study Il reported that the
disproportionate access to caesarean delivery has widened along socioeconomic lines in Tanzania and
Kenya. Higher risk of caesarean-related deaths exists. Out of the findings of Study IV, we suggested the need
for a comprehensive review to develop a toolkit using care utilization information to enable classification of
maternal care-seeking behaviour and adopt new strategies to close the care-seeking gaps. Study V found
much higher neonatal deaths among married adolescents with unintended pregnancies adolescent-born
neonates from unintended pregnancies and proposed strengthening of existing strategies and use of new
approaches to reduce adolescent pregnancies and provide focused obstetric care for adolescents. The thesis
suggests an array of evidence-based interventions to improve neonatal survival ranging from education and
contraceptive use to improved ANC and postnatal care attendance.
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Introduction

Reducing neonatal mortality (newborn death within 28 days after birth) has been a
persistent major global challenge and although profound progress has been made
(1), it still accounts for about 45 percent of under-5 deaths worldwide(2). In 2019,
over 2.4 million neonates died, over 80 percent of whom occurred in sub-Saharan
Africa (SSA), and in southern and central Asia (2). The recent United Nations Inter-
agency Group for Child Mortality Estimation reported that there was no decline in
neonatal mortality rates in 21 out of 48 countries in SSA in about three decades,
between 1990 and 2019 (2). The wider disparities in neonatal mortality rates (NMR)
across and within regions and countries is a major indication that most of the
neonatal deaths are preventable. For instance when comparing sub-Saharan Africa
with highest NMR (27 deaths per 1000 live births) and Europe with the lowest NMR
(3 deaths per 1000 live births) (2).

Sustainable development Goal (SDG) 3

The SDG 3 that aims to “ensure healthy lives and promote well-being for all at all
ages”, has its specific target 3.2, “to reduce neonatal deaths to at least as low as 12
deaths per 1000 live births by 2030 (3). A recent study in The Lancet projected that
about 60 countries need to expedite their progress in order to meet the SDG 3.2
target (1). To achieve this, target 3.8, that aims “to achieve universal health
coverage” (UHC) was also adopted. The UHC intends to achieve universal access
to essential health services including maternal and child health care services for at
least 1 billion more people every five-years since 2015 leading to 2030.
Acknowledging that poverty is a major risk factor for mortality, one of the main
focus of UHC is to eliminate out-of-pocket health expenditure that impoverishes
many households, particularly in low-and middle-income countries (4, 5). Although
the progress of attaining UHC has been hampered by the Covid-19 pandemic since
2020, WHO together with UNICEF, World Bank, Ministries of Health and other
global partners continue to work to support attainment of the UHC target (4, 6, 7).

Another strategy that was previously adopted and contributes to the realization of
target 3.2 was the Global strategy for women's, children’s and adolescents” health.
This strategy takes a life-course approach and aims among others to end preventable
newborn deaths as well as prevent maternal and adolescents’ deaths and stillbirths
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by 2030 (8). The Global strategy emphasizes human rights, equity and universality
in its approach and aims to meet the needs of all, including the most vulnerable and
marginalized. It highlights the immense returns countries would realize (both in
health and economic growth) from investing in women’s, children’s and
adolescents” health in their course of life from birth through childhood to
adolescence and adulthood (8).

Global inequalities in maternal and newborn health
service utilization

Whereas removal of barriers to maternal care utilization has been a major global
priority over the years (9), socioeconomic inequalities that limit access to maternal
and newborn health services are still widespread in most low-and middle-income
countries (LMIC). A recent systematic review by Ogundele et al. found that the
socioeconomic inequalities in reproductive care utilization in sub-Saharan Africa
was highest for skilled childbirth but varies in different countries. Nonetheless,
progress has also been observed in certain countries. An analysis of trends in usage
of ANC and skilled birth attendance among young mothers in Ghana by Asamoah
and Agardh, indicated that inequalities related to place of residence and education
levels declined overtime between 2003 and 2014 (10). However, wealth-related
inequalities in ANC and childbirth service utilization are persistently high in many
countries (10-12). The consequences of these inequality are costly to individuals
and societies. Estimates from UNFPA indicate that universal access to modern
contraceptives, maternal and newborn services would save millions of maternal and
neonatal lives and gain billions of monetary benefits to countries (13).

Continuum of care

In 2005, WHO shifted its strategy from addressing maternal and newborn health
care separately to advocating for continuum of maternal care approach through
achieving universal health coverage (14). The continuum of care would enable
equitable and high coverage of maternal and child health care from pregnancy
through childbirth to first few weeks after childbirth (14, 15). Given that most
neonatal deaths occur within the first 7 days after birth, continuum of care would
enable linking of maternal and newborn interventions from pregnancy to postnatal
period thus building a strategic interaction to improve access and utilization of
health care (16).
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Antenatal care attendance

Antenatal care (ANC), referred to as routine care given to pregnant women between
conception and onset of labour (17), is one of the leading strategies that is
universally recommended to prevent neonatal and maternal morbidities and deaths
(18-20) . In high income countries (HIC) such as in Sweden, in 2019, almost all
(98%) pregnant women attended about 8—12 ANC bookings with skilled midwives
(21, 22). In comparison, a 2018 study in low-and middle-income countries (LMIC),
indicated that 90% of pregnant women attended at least 1 ANC visit and in about
55 countries with known statistics, only 44% had 4 or more ANC visits (23). In
2013, early ANC visits (visit during first trimester) was about 48% in LMIC
compared to 85% in high income countries (17). These disparities in ANC
attendance between HIC and LMIC perhaps explain much of the mortality
differences between the regions. Further, many countries with high coverage in sub-
Saharan Africa and Southern Asia have poor and low quality of health care(23).
Evidence-based findings by WHO show that at population level, the higher the ANC
visits, the lower the neonatal mortality rates (18, 19). As such, in 2016 WHO
increased the recommended ANC visits in LMIC to at least 8 from previous 4 visits
(18).

Health facility birth (skilled birth attendance)

Health facility birth, largely conducted by skilled birth attendants is recommended
by WHO for favorable neonatal outcomes (24, 25). WHO defines skilled birth
attendance as “care provided to a woman and her newborn during pregnancy,
childbirth and immediately after birth by an accredited and competent health care
provider who has the necessary equipment and support of a functioning health
system, including transport and referral facilities for emergency obstetric care” (24).
Utilization of institutional childbirth services range from over 99 % in many high-
and upper-middle-income countries to less than 50% in several low-income
countries (26, 27). Factors that hinder facility childbirth service utilization in LMIC
include socioeconomic factors, women's lack autonomy in health decision making,
longer distance to health facilities, lack of hospital supplies and poor attitudes of
health providers among others (28-30)

Whereas a number of population-based studies in LMIC associate facility delivery
to positive neonatal outcomes (31), others only agree in part. Instead, the studies
indicate that facility births are associated with neonatal protective effects only when
mothers experienced obstetric complications (32, 33). Nonetheless, neonatal
mortality in LMIC is a complex phenomenon involving several other factors at
individual, community and health facility levels associated with delays to seek or

13



receive care (34), which in-turn are a result of socioeconomic inequalities (35) and
longer distance to health facilities among other factors (36). Further, inadequate
training and lack of emergency facilities in many health institutions as well as poor
quality of care and referral systems are also indirect risk factors for neonatal deaths
(37-39).

Postnatal care

Postnatal care (PNC) is another key strategy that profoundly contribute to neonatal
survival but that is severely underutilized particularly in many LMIC (40). A multi-
country study in 36 sub-Saharan Africa countries indicated that PNC utilization
between 2008 and 2018 was 52.5%, with Eastern Africa having the lowest PNC
attendance of 31.7% (41). More than two-thirds of all neonatal mortalities occur
during postnatal, first week after birth (41-43). WHO recommends that for
institutional births, mother and newborn(s) be given PNC for at least 24 hours after
birth and for home births, the first PNC contact should be within 24 hours (40).
Given that about one-third of all newborn deaths occur within a day(2), this
recommendation, if adhered to could prevent many newborn deaths. Follow up
PNC visits should be after 3 days, implying that most (75%) of the preventable
neonatal deaths could be avoided by comprehensive PNC. Other visits are
recommended within 7-14 days and 6 weeks after birth (40).

Causes of neonatal mortality

The leading direct (clinical) causes of neonatal deaths are infections such as sepsis,
pneumonia, meningitis, tetanus and diarrhoea, preterm and intrapartum-related
complications such as birth asphyxia (43-45). Low birthweight is a major
underlying (intermediate) obstetric risk factor for neonatal deaths associated with
most of the direct causes of newborn mortality (46). Other non-causal risk factors
for neonatal mortality include sociodemographic, maternal and newborn factors that
are hypothesized to either hinder care-seeking and/or are indirectly associated with
neonatal death or risk factors for neonatal deaths. These include living in rural areas
(47), inadequate care utilization (48), low maternal or paternal education(49, 50),
poverty (51), single motherhood (52), young maternal age(50), lack of knowledge
about neonatal complications (53), and male sex of newborn (50) among others.
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Kenya, Uganda, and Tanzania

Kenya, Uganda, and Tanzania have relatively similar demographics. With an
estimated total population of over 130 million in 2014-2019 and sex ratio roughly
1.1 (54-56), they constitute the most populated countries among all 6 East Africa
Community member states. Fertility rates range from 3.9 in Kenya (57) to 5.4 in
Uganda (55). About 23-43 percent of women have their first child before 19 years
of age (55, 57, 58). Modern contraceptive use among married women of
reproductive age, 15-49 years in 2014-2016 ranged from 32% in Tanzania, 35% in
Uganda to 53 % in Kenya (59-61).

Policies and health system challenges in Kenya, Uganda,
and Tanzania.

The three countries are in comparable state of maternal and neonatal health situation
and are in the pathway towards achieving universal health coverage. Being signatory
of the SDGs, Kenya, Uganda, and Tanzania have strengthened their commitment to
reduce preventable neonatal and maternal deaths. This is evidenced by the national
roadmaps and strategic plans aimed to improve maternal and child care in Uganda
(62), Tanzania (63) and Kenya (64, 65). Policy frameworks of the National Health
Sector Development Plan, 2015-2020 in Uganda (66), the Kenya Community
Health Strategy, 2020-2025 (65) and the Strategic plan to improve maternal,
newborn, child and adolescent health in Tanzania, 2016-2020 (63) have all adopted
the right based approach to expedite progress towards universal health coverage
(UHC) and minimize inequalities and discriminatory practices in access to quality
health care including maternity care. Nonetheless, despite the efforts, the health care
systems in the three countries are insufficiently funded and have workforce
shortages thus affecting access and quality of services. The health expenditures as a
percentage of national gross domestic product (GDP) for each of the three east
Affrican countries in 2015/2016 and currently is about half (7%) of the Abuja
declaration target of 15% (67-71). Free and subsidized maternity and child health
care do exist at first level health facilities in Kenya, Uganda, and Tanzania (72-76).
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Neonatal mortality in Kenya, Uganda, and Tanzania

The WHO progress report of 2020 indicate that Kenya, Uganda and Tanzania are
among 20 countries with the highest neonatal deaths globally (77). The neonatal
mortality rates in these three countries ranged from 20-22 deaths per 1000 live
births in 2016 (78).The causes of which are similar to those reported globally (79).

Conceptual framework: Determinants of neonatal
mortality in Kenya, Uganda, and Tanzania

The conceptual framework of this thesis is adapted from Mosley and Chen'’s
proximate determinants framework, WHO and UNICEF frameworks for child
survival and social determinants of health in low-and middle-income countries.
According to Mosley and Chen, given optimal settings, over 97 percent of live-born
neonates can be expected to survive (80). The proximal determinants such as
maternal age or antenatal care attendance that directly influence the risk of neonatal
deaths are based on the premise that (neonatal) survival in any society is dependent
on socioeconomic, biological and environmental forces (80). The WHO's social
determinants of health framework for action highlights how social factors at
individual or societal levels substantially shape inequitable access to health leading
to poor neonatal survival outcomes (81). The UNICEF model links the interrelated
underlying risk factors showing how factors at one level impacts other levels leading
to the direct causes of neonatal (and maternal) death (82).

The detailed framework can be seen in Figure 1.
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birth weight, care

neonatal
male gender

Sociodemographic (and socioeconomic) determinants
Low maternal / paternal education levels
Individual / Poor household wealth status
household level Parental occupation
marital status
Place of residence (rural/urban) and exposure to mass media

Actual resources available for maternal and neonatal health — human, economic,
organization of health care delivery
Societal / community Public policies (Health/Maternal and child health, education, social protection)
level factors Potential environmental or technological resources available
Proportion of antenatal and postnatal care visits and skilled birth attendance in the
community/nation
Social systems/ cultural values including women status in access and utilization of care.

Governance and macroeconomic policies

Figure 1: Conceptual framework for direct and indirect risk factors associated with neonatal mortality in Kenya,
Uganda, and Tanzania, adapted from Mosley and Chen, WHO, and UNICEF frameworks for child survival and social
determinants of health in Low-and middle-income countries.

Analytical model

The analytical model in Figure 2 shows a summary of how individual studies of this
thesis project contribute to the whole. It reflects how direct risk factors for neonatal
death such as birth-related complications, prematurity and infections are linked to
the intermediate and indirect risk factors that form the variable basis for this thesis
from pre-pregnancy through childbirth to postnatal period. Study I focus on factors
surrounding pregnancy period and neonatal survival outcomes. Study II focuses on
a major underlying risk factors associated with postnatal morbidity and mortality.
Study III examines factors associated with access to emergency or advance obstetric
procedure. Study IV complements all the first three studies by investigating a
combination of all the major maternity and newborn care intervention while study
V examines a major proximate factor associated with biological and physiological
risk factor to neonatal survival.
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AIM

General aim

To examine determinants of maternal service utilization, effectiveness of care and
risk factors for neonatal mortality in Kenya, Tanzania, and Uganda.

Specific aims

To examine the effectiveness of antenatal care services in reducing neonatal
mortality in Kenya.

To determine the association between low birthweight and neonatal mortality in
Uganda and to estimate the national trends of LBW-attributable neonatal mortality
between 1995 and 2011.

To examine the socioeconomic factors associated with cesarean delivery in Kenya
and Tanzania and to assess the impact of cesarean delivery on neonatal survival in
both countries.

To investigate determinants of continued maternal care-seeking during pregnancy,
birth and postnatal and associated neonatal survival outcomes in Kenya and Uganda:
analysis of cross-sectional, demographic and health survey data.

To assess survival patterns of neonates born to adolescent mothers and the effect of
pregnancy intentions and marital status on newborn survival in Kenya, Uganda, and
Tanzania, 2014-2016.
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Materials and Methods

Study setting

The five studies in this thesis were conducted in East Africa region, in Kenya,
Tanzania, and Uganda. The three countries neighbour each other and have a total
population of about 130 million in 2016. Their population growth rates are relatively
high. Majority live in rural areas with agriculture as their main source of livelihood.
Table 1 provides summary of the specific settings, aim and study populations for
each of the five studies.

Data source and study design

All the studies I-V in this thesis obtained data from the Demographic Health
Surveys (DHS) program in Kenya, Uganda, and Tanzania. Both household and
woman questionnaires were employed to conduct survey interviews across the
entire nation in each of the three countries. The surveys were conducted by the
respective bureaus of statistics in each country, i.e., Uganda Bureau of Statistics
(UBOS), Kenya National Bureau of Statistics (KNBS) and the National Bureau of
Statistics (NBS) in Tanzania in collaboration with ministries of health and other
partners in each country. In each of the countries, the sampling strategy ensured
representative sampling nationally, in rural and urban areas and first administrative
unit (and/or geographical areas) such as regions or counties using a two-stage cluster
design. In the first part, clusters were selected as primary sampling units from the
national census registrations and in the second part samples of households were
drawn from each selected sampling unit. In Kenya DHS 2014, 1612 clusters
(enumeration areas (EAs)) were selected, and 40,300 households were sample. In
TDHS 2015-16, 608 clusters were selected and 13, 376 households sampled. In
UDHS 2015-16, 697 EAs and 20, 880 households selected. For Uganda 2011, 2006,
2000-2001 and 1995 surveys, 10,086, 9,864, 8,792, 8,093 households were selected
respectively. The response rate based on sampled households was over 95 percent
for all the surveys. Eligible women of reproductive ages 15-49 years old were
interviewed to obtain information about the background characteristics and a range
of maternal health service utilization and childhood (neonatal) mortality.
Measurements such as height and weight were also taken.
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The Institutional Review Boards for the DHS program and the host countries
approved the data collection and the distribution of datasets for public health
research upon formal request. We obtained access to the datasets for this thesis
project after sending a formal request to DHS secretariat. Further details of DHS
methodology and manuals can be obtained from
https://dhsprogram.com/methodology/survey-types/DHS-Methodology.cfim .

Table 1 also provides a summary of the inclusion criteria and statistical methods
used in this thesis.
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Study variables

Outcome variables

The main dependent variable was neonatal survival outcome which was
dichotomized into dead or alive and was examined in all studies [-V. Neonatal death
or mortality as the outcome of interest was defined as death of a baby within the
first 28 days of life after birth. Other primary outcome variables included low
birthweight (Study II), mode of delivery/childbirth (cesarean or caesarean section)
(Study III), care-seeking continuum (antenatal care (ANC) attendance and ANC
services, facility birth, postnatal care (PNC) attendance (Studies I and IV). Certain
outcome variables were also included as independent variables and as secondary
objectives in different studies.

Independent variables

The main independent factors constituted sociodemographic, maternal, neonatal,
and care-seeking variables that are known or theorized to be associated with
neonatal survival or mortality. The categorizations of these variables were guided
by previous studies, theories or the DHS methods based on science or common
understanding. Different studies classified or regrouped the variables to suit the
objectives of the studies. For instance, maternal age was originally grouped as 15-
19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49 years old but in this thesis, it was
generally reclassified as 15-24, 25-34, and 35-49 years (83, 84) except in study V.
Socioeconomic factors such as educational level was reclassified as no education,
primary education and secondary or higher (85), wealth status was generally
regrouped as poor, middle and rich (85), place of residence was dichotomized into
rural and urban (86). Parity (87). Other variables included newborn gender and
multiple gestations (88, 89).

Statistical analysis

All the analysis were conducted using Statistical software packages IBM SPSS
version 22.0 and 24.0 (IBM, Armonk, New York, USA), Microsoft excel (2017-
2021) and Stata versions 12 and 16 (College Station, Texas: Stata Press), at 5% level
of significance. To maintain the representativeness of the data during analysis and
to adjust for non-response, data sampling weights were applied and adjustment for
complex sample design done in all the studies -V and in all datasets except, Uganda
DHS, 1995 data which was not subjected to weighting.
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Study I

We used Pearson’s chi square test to examine the distribution of sociodemographic
and maternal variables by antenatal care interventions (primary predictor variables),
classified as "yes’ if a given service was received and 'no’ if not attended/received.
The distribution of variables was also examined by neonatal survival outcomes
among singleton births and was the dependent variable, dichotomized into died or
alive. Both crude and adjusted odds ratios were determined using binary logistic
regression analysis to estimate the associations between the inadequate antenatal
care services and neonatal death in Kenya, 2014. Crude odds ratios were generated
in model 1. Potential confounders were adjusted for using stepwise modelling in
models 2, 3 and 4. In model 2, sociodemographic variables such as place of
residence, wealth status and maternal factors such as age, parity were adjusted for.
Model 3 adjusted for all factors in model 2 plus childbirth related variables while
model 4 controlled for all variables in models 2 and 3 in addition to birth weight.

Study 1I

Descriptive statistics were generated using cross-tabulations. Kaplan-Meier
estimator was used to generate survival curves for different birthweight categories
in Uganda between 1995 and 2011. Binary logistic regression was used to examine
the associations between low birthweight and neonatal death with adjustment for
confounders that included sociodemographic and maternal factors, check-up for
complications and cesarean delivery.

Study III

The distribution of study variables by mode of delivery and stratified by place of
residence (rural and urban) were examined using cross-tabulations. Excel was used
to generate graphical display of cesarecan delivery rates across various
socioeconomic classes in Kenya, 2014 and Tanzania, 2015-2016. Similarly,
distribution of study variables by neonatal mortality in Kenya and Tanzania was
also assessed. Binomial logistic regression was used to determine the association
between socioeconomic variables and cesarean delivery while controlling for other
explanatory factors that are potential confounders such as birthweight, multiple
gestations, parity, and maternal age. The regression analysis was also used to
determine associations between cesarecan delivery and neonatal death at 95%
confidence interval in Kenya and Tanzania.
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Study IV

Microsoft Excel was used to assess the correlations between antenatal care visits
and the proportions of health facility births and postnatal care visits in Kenya 2014
and Uganda 2015-2016. Cross-tabulations were used to examine the distribution of
sociodemographic, maternal, and paternal variables by 15 different classes
(categories) of care-seeking continuum from those mothers who attended all
recommended care (highest care-seekers) i.e., 4 or more antenatal care, health
facility (skilled) childbirth and at least one postnatal attendance within 4 weeks after
birth to lowest care-seekers i.e., those who received no skilled maternity care.
Multinomial logistic regression was used to examine associations between
sociodemographic, maternal factors and continuum of care-seeking behaviour in
Kenya and Uganda. Further, binary logistic regression was used to determine the
associations between selected levels of care-seeking continuum and neonatal
mortality in Kenya and Uganda.

Study V

Distribution of variables between adolescent mothers, 15—-19 years and mothers 20-
29 years old were examined using Pearson’s chi square test at significance level,
o=0.05. Kaplan-Meier's estimator was used to visualize neonatal survival during
28 days after birth among adolescent, 15-19 years old and mother 20-29 years old
in Uganda, Tanzania, and Kenya. The equality of survival curves was assessed using
Log-rank method. We employed cox hazard regression models to examine the
hazard of death among neonates born to adolescents as compared to those born to
women 20-29 years old while controlling for potential confounding variables. Crude
and adjusted hazard ratios were determined. Models were used to adjust for various
risk factors at different levels. Our analysis was further stratified by marital status
and pregnancy intentions both separately and when combined. Furthermore,
analysis was stratified by parity. Both the global Schoenfeld test and log-log
transformation to the overall function were used to assess the proportional hazard
assumptions.
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Results

Study I and IV

Study I

Figure 3 below shows that about 95 percent of mothers to singleton neonates in
Kenya had at least 1 ANC visit with skilled attendance in 2014 but only about 20%
visited within the first 3 months of pregnancy (1* trimester). First ANC visit for
majority (67%) of the mothers was between 4 and 6 months of pregnancy (2™

trimester).
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Figure 3. Proportion of antenatal care (ANC) visits and service utilization by pregnant mothers in Kenya using
demographic and health survey 2014.
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Study IV

Figure 4 below shows that over 95 percent of the mothers had at least 1 ANC visit
and 56.7% had 4 or more ANC visits in 2014-2016, with Uganda having slightly
more mothers attending recommended number of visits at that time than Kenya. 6
% and 2% had no ANC visits in Kenya and Uganda respectively.

mOverall mKenya wUganda
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40

30

Proportion (%)

20

10
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4 Kenya
. Overall

2-3 ANC

visits 1 visit in
1st/2nd 1 visit in 3rd .
trimester trimester No visits

Figure 4. Proportions of antenatal care visits by number of ANC contacts in Kenya and Uganda, using demographic
and health survey 2014-2016 data.
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Figure 5 below shows a direct linear correlation between the number of ANC visits
and proportions of health facility births and postnatal care visits.
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© Scatter plot of proportion of postnatal care visits againt number (0-12) of antenatal care visits
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Figure 5. A scatter plot showing correlation between number of antenatal care (ANC) visits and proportions of facility
births and postnatal care visits in Kenya and Uganda, using demographic and health survey 2014-2016 data.

Figure 6 is a forest plot showing multinomial regressions for the associations
between maternal and socio-demographic factors and different classes of care-
seeking continuum during pregnancy, birth and postnatal care in Kenya and Uganda
2014-2016. The figure shows that higher maternal and paternal education versus no
formal education, were largely associated with higher care-seeking, except among
those who had 1 ANC visit/facility birth or lower. Detailed numbers (not include in
the figure) show that the tendency for care-seeking, relative risk ratios RRRs ranged
from 2.1- 8.0, (95% confidence intervals [95% CI] 1.1-16.3) for primary or higher
parental education compared to no formal education. The higher the education level,
the higher the care-seeking tendency. Similarly, exposure to mass media
(television/radio) versus no exposure was also largely associated with more
continued care-seeking, RRRs ranged from 1.8— 3.2 (95% CI 1.2-5.4). Being told
about pregnancy complications generally enhanced care-seeking in Kenya, data for
Uganda was not available.

On the contrary, problem with distance to the health facility was generally
associated with low care-seeking during pregnancy to postnatal period, RRRs
ranged from 0.6 — 0.7 (95% CI 0.5-0.9). Only in a few care-seeking classes was the
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problem with distance not statistically significant. Similarly, living in rural areas
versus urban was also generally associated with lower care-seeking tendencies.
Another factor that noticeably hindered care-seeking was when the husband/partner
rather than the woman herself made major decisions for maternity care-seeking, this
was true in most (9) care-seeking categories, RRRs ranged from 0.5 — 0.7 (95% CI
0.3-0.9).

Other factors such as older maternal age versus young indicated lower associations
with care-seeking in all the classes, however the results were not statistically
significant, RRRs ranged from 0.4 — 0.9 (95% CI 0.3—-1.7). Similarly, having a
desire to have a child generally indicated no associations with care-seeking
behavior. Being in middle wealth class compared to being poor showed higher care-
seeking behavior, but these were only statistically significant in less than half of the
care-seeking classes. While among the rich, there was no significant association
with care-seeking when compared to the poor, except in one class.
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Summary findings for studies I and IV

Figure 7 is also a forest plot showing adjusted odds ratios obtain from findings in
study I and study IV.

Study I was conducted in Kenya, 2014. The Figure reveals the associations between
lack of or inadequate utilization of antenatal care (ANC) services and neonatal
mortality in Kenya. After adjusting for socio-demographic factors, maternal, birth-
related factors, and birthweight, the findings showed that no ANC visits (aOR 4.0,
95% CI 1.7-9.1) or inadequate (1-3 ANC) visits, (aOR 1.8, 95% CI 1.1-3.0) versus
4 or more ANC visits were associated with neonatal mortality. Similarly, unskilled
ANC attendance (aOR 3.0, 95% CI 1.4 — 6.1) versus skilled and no check-up for
pregnancy complications compared to check-up, (aOR 2.4, 95% CI 1.4 —4.0) were
all associated with neonatal death. Further, Unskilled (home) birth compared to
skilled (health facility) birth was not associated with neonatal death (aOR 0.7, 95%
CI 0.6 — 1.5). Having no tetanus toxoid (TT) injection (aOR 2.4, 95% CI 1.1-5.6)
compared to having one TT injection was also associated with neonatal mortality.
No ANC visit accounted for an estimated 9.1% of neonatal deaths in Kenya.
neonatal death,

Study IV was conducted in Kenya, 2014 and Uganda, 2015-2016. In Figure 7 and
Table 3, care-seeking continuum of no ANC visits—no facility births—no PNC (lowest
category) and No ANC—facility birth-no PNC were significantly associated with
neonatal mortality, (aOR 4.2, 95% CI 1.6-10.9 and aOR 4.2, 95% CI 2.3-7.8
respectively) when compared a continuum of 4 or more ANC—facility birth—1 PNC
visit within 28 days after birth. For the lowest category of care continuum with no
care utilization in both countries, the odds of neonatal deaths were higher in Kenya
(aOR 6.0, 95% CI 2.6—13.6) compared to that in Uganda (aOR 2.5, 95% CI 1.0—
6.5).

Figure 7 shows the summary of findings above for studies I and IV.
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Study I
Kenya
Unskilled ANC attendance vs skilled
2 2Tetanus toxoid (TT) versus 1 TT
O TT injection versus | TT
No check-up for complications
1-3 ANC visits versus 4 or more
0 ANC visits versus 4 or more

Study IV Kenya
(Ref. 2 4 ANC, facility(fac.) birth, yes PNC)

2-3 ANC, facility birth, yes PNC (higher)
24 ANC, facility birth, no PNC (high)

2-3 ANC, facility birth, no PNC (mod. high)
24ANC, no fac. birth, no PNC (mod. low)
2-3 ANC, no fac. birth, no PNC (very low)
No ANC, no facility birth, no PNC flowest)

Uganda
2-3 ANC, facility birth, yes PNC (higher)
24 ANC, facility birth, no PNC (high)
2-3 ANC, facility birth, no PNC (mod. high)
24ANC, no fac. birth, no PNC (mod. low)
2-3 ANC, no fac. birth, no PNC (very low)
No ANC, no facility birth, no PNC (lowest)

Kenya and Uganda

2-3 ANC, facility birth, yes PNC (higher)
24 ANC, facility birth, no PNC (high)
2-3 ANC, facility birth, no PNC (mod. high)
24ANC, no fac. birth, no PNC (mod. low)
2-3 ANC, no fac. birth, no PNC {very low)
1 ANC, fac. birth, no PNC (4th lowest)
No ANC, fac. birth, no PNC (3 lowest)

No ANC, no facility birth, no PNC (lowest)

PNC-Postnatal care, mod-moderate
4 Statistically significant
e Not statistically significant

Adjusted OR (95% Confidence Interval )
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Figure 7. A forest plot summarizing findings from study | and study IV showing associations between the lacking care

interventions and neonatal mortality in Kenya 2014 and Uganda 2015-2016.
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Figure 8 summarizes findings from studies I and V. The Figure indicates that lack
of or inadequate ANC visits (<4 ANC) accounted for about 28 % of neonatal deaths
in Kenya (Study 1). Similarly, neonatal deaths due to lack of PNC visits exceeded
20 % of the total mortalities in Kenya. Overall, from study IV (Figure 8 and Table
3), at least 63% of neonatal deaths in Kenya could be avoided by providing full
minimal care of 4 ANC visits, hospital birth and at least 1 PNC. In Uganda, more
than 7% of neonatal deaths were associated with 2-3 ANC, no facility birth, and no
PNC. For both countries inadequate maternal care utilization is attributable to at
least 23 % of neonatal deaths.
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Figure 8: Population attributable neonatal mortality risk fraction for lack of or inadequate interventions in the
continuum of care in Kenya and Uganda, 2014-2016.

Study II

Generally, young mothers below 20 years of age were overrepresented among
mothers with low birthweight neonates. In Table 4 below, low birthweight (LBW)
was associated with neonatal death in all the surveys, 1995-2011 in Uganda. The
odds of deaths among low birthweight neonates (versus normal birthweight)
declined gradually overtime from 6.2 in 1995 to 3.8 in 2011, although with
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overlapping confidence intervals. There was a 10% decline in the proportion of
neonatal mortalities among low birthweight newborns from 1995 to 2011. In 2011,
over 70 percent of neonatal deaths among low birthweight newborns in Uganda
could be accounted for their LBW status. However, in the general population,
neonatal deaths from LBW declined by half from 1995 to 15.3 % in 2011.

Table 4: Adjusted odds ratios for the association between low birthweight and neonatal mortality in Uganda between
1995-2011 and associated attributable risk fractions.

Adjusted odds ratios (95% Confidence Interval)

Variable 1995 2000-2001 2006 2011
N=1995 N=1100 N=1519 N=2223

Birthweight

Low birthweight (<2500 6.2 5.3 43 3.8

9) (2.3-17.0)° (1.7-16.1)° (1.3-14.2)° (1.3-11.2)2

(Compared to normal
birthweight > 2500g —

4000g)

Associated Attributable 83.9% 81.1% 76.7% 73.7%
risk proportion

Population attributable 33.6% 27.0% 24.0% 15.3%

mortality risk proportion

aAdjusted for sociodemographic factors (maternal age, education, parity, marital status, wealth index and place of
residence), maternal, pregnancy and birth-related factors

bAdjusted for all socio-demographic factors in (?) above (except wealth status), maternal, pregnancy and birth-
related factors in Table 1. Birth complications were not adjusted for in 1995 findings

Study 11

Study III was conducted in Tanzania and Kenya. Findings in Figure 9 indicate that
cesarean delivery (CD) was generally higher among mothers in high socioeconomic
status, living in urban, than those in low socioeconomic status or in rural areas. CD
rates ranged from 5% among the poorer in rural Tanzania to 19% among the richest
in Urban Kenya. From 6.8% among mothers with no formal education in rural
Kenya to 35% among post-secondary educated mothers in urban Tanzania. From
6.9% among rural domestic workers to 37.5% among urban mothers in managerial
positions, in Tanzania. And from 7.5% among mothers without health insurance to
29% among health-insured mothers in Tanzania.
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Figure 9. A sample graphical presentation showing cesarean delivery rates by sociodemographic variables and place
of residence in 2014-2016, Kenya and Tanzania.

Table 5 presents the odds ratios for the associations between socioeconomic status
and CD in Kenya and Uganda. Overall, the richest (aOR 1.4, 95% CI 1.2-1.8),
postsecondary educated women (aOR 1.6, 95% CI 1.2-2.0), women managers (aOR
1.7, 95% CI 1.3-2.3) and those health insured (aOR 1.6, 95% CI 1.3-1.9) indicated
higher odds of undergoing cesarean birth as compared to middle class, primary
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educated, unemployed, and uninsured respectively. Country-specific result show
that Tanzania generally had higher and significant odds of CD among all the four
socioeconomic categories while in Kenya, only mothers with health insurance
versus uninsured had statistically significant odds of CD.

With regards to health facility of birth, in comparison to government owned
facilities, mission (aOR 2.7, 95% CI 2.1-3.4) and private (aOR 2.2, 95% CI 1.3—
3.5) facilities in Tanzania indicated highest odds of cesarean delivery. Similarly,
mission facilities in Kenya showed higher odds (aOR 1.5, 95% CI 1.2-1.8) of
cesarean birth.

Table 5. Logistic regression analysis showing associations between socioeconomic status and cesarean delivery in
Kenya 2014 and Tanzania, 2015-2016.

Adjusted odds ratios (95% confidence interval)

Variables Overall Kenya Tanzania
Wealth index Reference category — Middle status of wealth

Poorest 0.9(0.7-1.2) 0.9 (0.6 -1.2) 0.9(0.6-1.4)
Poor 0.9(0.7-1.2) 0.9(0.7-1.2) 0.6(0.4-1.0)
Rich 1.1(0.9-1.4) 1.1(0.8-1.4) 1.1(0.7-1.4)
Richest 1.4 (1.2-1.8) 1.2 (0.9-1.6) 1.6 (1.2-2.2)
Education level Reference category — Primary education

No education 0.8(0.6-1.0) 0.9(0.6-1.4) 0.8(0.5-1.1)
Secondary education 1.2(1.0-1.4) 1.1(0.8-1.2) 1.4(1.1-1.8)
Higher/post-secondary) 1.6 (1.2-2.0) 1.4 (1.0-1.8) 1.6 (1.2-2.0)
Maternal occupation Reference category — Not working

Managerial, technical, clerical 1.7 (1.3-2.2) 1.3(0.9-1.7) 2.9 (1.9-4.3)
Self-employed farmer 0.9 (0.7-1.1) 1.0 (0.8-1.3) 0.9 (0.7-1.3)
Manual, domestic services 1.0 (0.8-1.2) 1.0(0.8-1.3) 1.1(0.8-1.5)
Health insurance Reference category — No insurance

Have insurance 1.6(1.3-1.9) 1.4(1.2-1.8) 1.8(1.4-2.4)
Place of residence Reference category — Rural

Urban 1.3(1.2-1.5) 1.2(1.0-1.4) 1.5(1.2-1.8)
Health facility of birth Reference category — Government facility

Mission health facility 1.9(1.6-2.2) 1.5(1.2-1.8) 2.7(2.1-3.4)
Private facility N/A N/A 2.2(1.3-3.5)

Each socioeconomic factor independently adjusted for maternal age, birthweight, parity, and multiple births.

In Table 6, cesarean delivery showed significant overall association with neonatal
mortality in Kenya and Tanzania after adjusting sociodemographic factors and
maternal body mass index (BMI), (aOR 1.7, 95% CI 1.2-2.7). However, further
adjusting for birthweight, multiple births in model 2 and additional adjustment for
antenatal care visits in model 3, resulted in high but not statistically significant
associations aOR 1.6, 95% CI 1.0-2.7 and aOR 1.7, 95% CI 0.9-3.4 respectively.
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Table 6. Binomial logistic regression analysis (model 1-3) for the associations between cesarean delivery and neonatal

death, adjusted odds ratio (aOR) in Kenya 2014 and Tanzania, 2015-2016.

Model 1 Model 2 Model 3
aOR (95% CI) aOR (95% CI) aOR (95% CI)
Overall, Kenya Tanzania Overall, Kenya Tanzania Overall, Kenya Tanzania
N=12,898

Cesarean section

No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Yes 1.7 1.6 1.8 1.6 15 1.7 1.6 1.4 1.7
(1.2-2.7) (0.8- (1.0-3.2) (1.0-2.7) (0.7- (0.9-3.4) (0.9-2.6) (0.6- (0.6-3.4)

3.4) 3.5) 3.2)

Model 1: Adjusted for maternal factors (maternal age, parity, education level and Base mass index), Model 2:
adjusted for Model 1 factors and fetal risk factors (multiple births and birthweight), Model 3: adjusted for Models 1

and 2 factors and number of antenatal care visits.

Study V

Study V examined neonatal survival patterns among adolescent mothers and the
effect of pregnancy intentions and marital status on mortality in Kenya, Uganda,
and Tanzania. Figure 10 below is Kaplan-Meier survival curve showing statistically
significant difference (log rank test, P<0.05) in neonatal survival between babies
born to adolescent mothers and those born to mothers 20-29 years of age.

Kaplan-Meier survival estimates
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Figure 10. Kaplan-Meier survival functions for neonates born to adolescent mothers (15-19 years old) and those born

to mothers aged 20-29 years in Kenya, Uganda, and Tanzania, 2014-2016.
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Figure 11 graphically indicates shorter survival time to neonatal deaths among
mothers born to adolescents as compared to older mothers, (20-29 years old) among
married mothers (a-b) and those unmarried with pregnancy intentions (c) in Kenya,
Uganda, and Tanzania, 2014-2016.). There is no observed difference in survival time
by maternal age-group among unmarried mothers with no pregnancy intentions (d).
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Figure 11 a-d. Kaplan-Meier survival curves for neonates born to adolescent mothers, (15-19 years old) versus
neonates born to older mothers, (20-29 years old), stratified by marital status and pregnancy intentions in Kenya,
Uganda, and Tanzania, 2014-2016.

Adjusted models in Table 7 generally shows that the hazard of neonatal death is
about twice higher among neonates born to adolescent mothers than older mothers
even after adjusting for other major risk factors.
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In Table 8, we observe that when stratified by marital status and pregnancy
intentions, the hazard of neonatal death among married adolescent mothers (15-19
years old) compared to married older mothers, 20-29 years old increases about 3
times among those with pregnancy intentions and 4 times among those with
unintended pregnancies. Further, when considering only first-time mothers, the
hazard of neonatal death among married adolescent mothers increased 4-6 times
higher compared to their older counterparts, with unintended pregnancies
registering highest hazard of neonatal death. There were no reliable mortality
numbers for viable analysis in certain strata among the unmarried and multiparous
mothers.

Table 8. Adjusted hazard ratios (aHR)* for neonatal mortality among adolescent mothers compared to mothers, 20-29
years old in Kenya, Uganda, and Tanzania, 2014-2016, stratified by marital status and fpregnancy intentions, both
overall and among primi-and multi-parous mothers.

Overall

Variable Model 1, AHR Model 2, AHR Model 3, AHR** Model 4,
AHR**

Adolescent mothers,15- 2.86 4.08 1.89 1.13

19 years (1.55-5.26) (1.62-10.31) (0.59-6.08) (0.46-2.80)

Mothers,20-29 years old 1.00 1.00 1.00 1.00

Among primiparous only (First time mothers)

Adolescent mothers,15- 4.32 6.48 - 1.56

19 years (1.41-13.27) (1.37-30.71) (0.39-6.09)

Mothers, 20-29 years 1.00 1.00 - 1.00

old

Among multiparous only (Given birth to at least once previously)

Adolescent mothers, < 1.84 2.43 - 0.63

19 years (0.89-3.80) (0.75-7.98) (0.19-2.11)

Mothers,20-29 years old 1.00 1.00 - 1.00

Model 1- Among married mothers and newborn from intended pregnancy

Model 2- Among married mothers and newborn from unintended pregnancy

Model 3- Among unmarried mothers and newborn from intended pregnancy

Model 4- Among unmarried mothers and newborn was unintended pregnancy

*Adjusted for sociodemographic factors and maternal care variables (antenatal and postnatal attendance and
place of delivery)

TWhether or not the neonate pregnancy was intended. Birth weight was not adjusted for due to insufficient data in
the various strata.

** Insufficient mortality data among unmarried (single) mothers with intended pregnancies hindered plausible
analysis
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Discussion

The general objective of this thesis was to examine determinants of maternal service
utilization, effectiveness of care and risk factors for neonatal mortality in Kenya,
Tanzania, and Uganda. Overall results indicate that inadequate utilization of care,
low birthweight, and young maternal age (adolescents) are leading indirect or
intermediate risk factors that contribute substantial proportion of neonatal deaths in
Kenya, Uganda, and Tanzania. Various sociodemographic and maternal factors play
significant role in determining utilization of care services during pregnancy,
childbirth, and postnatal period, indicating unequal access to care. Further, there
exists disproportionate utilization of emergency or planned cesarean delivery (CD)
along socioeconomic divide and type of health facility. However, despite more
access to emergency obstetric procedure such as CD among higher socioeconomic
class, there was no clear indication of improved neonatal survival outcomes at
population level among these mothers.

Dominant among the factors that determine maternal care utilization is parental
education, the higher the level of education of one or both parents the greater the
tendency to utilize obstetric services in almost all care-seeking classes. Several
studies agree with these findings (90, 91). Also, consistent with other findings (92-
94), access to mass media (radio/television) and being told about maternity-related
complications also play a significant positive role towards maternal care-seeking
tendency. On the contrary, maternal care-seeking was relatively hindered when a
husband/partner was a major decision maker for maternity care-seeking versus
when a woman makes that decision herself. Similar findings have also been reported
by other studies (95, 96). Perhaps future research could investigate the mean time
(in days) between asking for husband/partners support for care-seeking and the
actual going to the health facility to seek care compared to when a woman makes
decisions herself. This could reveal specific details to the general household delays
highlighted by Waiswa et al. in East Africa (97). Similarly, problems with (longer)
distances to the health facilities and associated rural residency were also found to
be deterring factors to utilization of care.

Despite introduction of free or subsidized maternal and child health care policies in
Kenya, Uganda and Tanzania that aim to eliminate all or part of catastrophic out-
of-pocket expenditure (63, 98, 99), wide disparities in utilization of care across
socioeconomic groupings still exist. From our results, these disparities seem to
emanate from a complex interaction of factors ranging from individual, household,
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and societal level factors highlighted by the conceptual framework in this thesis,
derived from Mosley and Chen, WHO and UNICEF frameworks (80-82). For
instance, at individual level, lack of knowledge about the need to seek maternity
care impeded care utilization among mothers with low education and lack of access
to mass media or have not been told about maternity complications. From societal
perspective, majority of women in these countries live in rural areas as also reflected
by our studies and are largely self-employed, subsistence farmers or are in
agricultural labour employment (57, 58, 100, 101). Thus, most of the women have
lower financial income to meet their maternity needs such as transportation to the
health facilities and other minor hospital charges thus less likely to afford to freely
seek care. The situation is aggravated by gender inequalities that disfavour a
spectrum of socioeconomic aspects among women such as land ownership in rural
areas. In this thesis, about 80 percent of women were married, implying most of
them can obtain financial support from their spouses. At household level, this
financial dependency can also hinder prompt care-seeking as previously discussed.
On the contrary, those unmarried or without recognizable partners have financial
constraints to seek care leading to poor care utilization and this is reflected in our
results (Paper 1V).

Studies in LMIC agree that improving household socioeconomic status will improve
care utilization (102-104). Societal factors related to gender inequities and
inequalities that are unsupportive of women to freely determine when to seek care
still exist, for instance unpaid daily roles of "stay-home” mothers who take care of
their families and are regarded as playing a less important role due to no financial
gains as compared to a formally employed husband/partner. This financial
dependency on the husband/partner to seek care can to some extent be deterring
factor (100, 104), although other factors such as education have a more profound
impact.

Although this thesis could not examine the quality of maternal or newborn care,
care-seeking at minimal levels (modified recommendations prior to 2016) of 4 or
more ANC, skilled (facility) birth and at least one PNC with 28 days postpartum
can be highly effective in reducing neonatal deaths in Kenya, Uganda, and Tanzania.
This is particularly evident in this thesis with ANC and PNC utilization and findings
from other studies concur (19, 20, 105, 106). Sufficient data from Kenya DHS
enabled plausible analysis in Study IV that revealed that about 63 % of neonatal
deaths would be avoided if mothers attend full (recommended) continuum of care
from ANC to at least one PNC. Findings from 7he Lancet series and UN agencies
also showed comparable estimate of 67 % of neonatal deaths in sub-Saharan Africa
that could be prevented with high continuum of care coverage (14, 107). Further,
Darmstadt et al. also estimated, that low to moderate PNC utilization would avert
17— 29 % of neonatal deaths in 75 countries across the world of which more than
50% were from Africa. This figure is also comparable to 20 % estimate obtained
from lack of at least 1 PNC visit within 28 days in Kenya.
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Furthermore, study I that examined neonatal survival outcomes between facility and
home birth did not find any statistically significant differences in survival or
mortality. However, in Study IV it was evident that ANC is positively correlated
with facility births and PNC, implying that facility births could still enhance
utilization of PNC services. A cluster-randomized controlled trial in The Lancet also
found no survival benefits of facility births as compared to home births. However,
the study recommended facility births only when emergency obstetric or newborn
services are available in a facility (33). However, contrary to our study I findings on
facility births, a systematic review by Tura et al. indicated greater neonatal survival
outcomes among facility births compared to home births (31).

Adolescent maternal age is a well-known risk factor for neonatal (and maternal)
mortality (108, 109) and this thesis (Study V) findings confirmed that in East Africa.
However, we further considered how marital status and pregnancy intentions affect
neonatal survival in the age-group, 15-19 years. The results indicate 3-4 times higher
hazard of neonatal death among married adolescent mothers compared to their
corresponding older counterparts aged 20-29 years old. Findings from Singh et al.
are consistent with these results (110). Lack of sufficient data hindered further
analysis among the unmarried women. However, studies suggest that abortions are
common in East Africa among unmarried adolescents and young women and that
could have affected reporting and data availability (111, 112). Future studies could
explore more.

The hazard of death was much higher (4-6 times) among primiparous (nulliparous)
married adolescent mothers versus their corresponding older counterparts aged 20-
29 years. Generally, neonates born to adolescent mothers with unintended
pregnancies had much higher death hazard when compared with those of similar
mothers of older age 20-29, than when adolescent with intended pregnancies were
compared with corresponding older mothers. However, the findings were not
statistically significant among multiparous married women irrespective of
pregnancy intentions. Similar findings were recently reported by Zhang et al. (87,
113). Another study by Klerman made parity comparisons between adolescent
mothers and found worse neonatal outcomes among multiparous adolescent mothers
compared to primiparous adolescents (114). However, when he compared first and
second births of the same adolescent mothers, the first birth had worse neonatal
outcomes (114). Nonetheless, the difference in neonatal mortality by parity among
adolescents could be further investigated to understand the mechanisms leading to
these differences. Again, lack of sufficient data in mortality strata could not allow
for more reasonable analysis among multiparous unmarried adolescents in our
study.
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Methodological consideration

General

The nationally representative data of the DHS for Kenya, Uganda, and Tanzania
allowed for valid statistical investigations with several stratifications and the
findings are generalizable across similar settings. The data collection also captured
neonatal births and deaths that may have not been recorded in health facility birth
or death registries. Nevertheless, further stratifications would have been desirable
to unearth more findings, for instance, in study V where analysis were limited to
mainly married adolescents and mothers 20-29 years old. Similarly, certain country
specific stratification was not possible for Uganda and Tanzania due to relatively
lower numbers compared to Kenya.

Because of the retrospective nature of the cross-sectional data collection, we cannot
ascertain that all recall bias were eliminated, particularly when more detailed
information such as birthweight were asked during verbal interviews and when
perhaps the mother had no birth information card to remember. This could have
affected mothers that gave birth much earlier prior to the data collection period and
consequently could have lowered the accuracy of our findings. Further, a study by
Biks et al. reported that home births and neonatal deaths had less likelihood of being
weighed at birth (115). We however, minimized the recall bias through using data
of most recent births and neonatal death occurrences from most recent pregnancies,
all of which are significant events not easily forgotten by mothers or carers. A recent
randomized study by Akuze et al. compared two DHS questionnaire modules across
different surveillance sites including Uganda, found no difference in reporting of
neonatal deaths (116), indicating minimal recall bias, no interviewer and social
desirability biases.

It was not possible to determine the quality of maternity care that was rendered to
the mothers or neonates or lack of hospital supplies. However, proxy indicators such
as skilled ANC attendance could be regarded to render the required standard of care.
Moreover, the studies could not capture other internal facility factors hypothesized
by other studies to deter maternal care-seeking such as mistreatment and abuse of
mothers during childbirth by health personnel (117-119) and absence of facility staff
(120).

Non-response led to few missing data across variables in all the three countries. In
Uganda in particular, data collection in older surveys such as 1995 were affected by
civil and military conflict in northern Uganda that led to compensation by data being
sampled/collected in other areas instead. Also, the 1995 data was not weighted and
that could have rendered it less representative. However, an investigation of the
missingness of data in all most recent year surveys in all the three countries indicated

48



random distribution between rural and urban and across key variables in all the
studies in this thesis.

General implications for public health policy
and future research

Policies intended to improve maternal care utilization could consider routine group
maternal education for mothers seeking ANC to enlighten them about pregnancy,
birth and perinatal complications and highlight neonatal death statistics and
importance of completing the care-continuum including PNC. For the long term,
social and educational policies could include focus geared towards improving
knowledge about safe maternity care and rights from lower primary education for
both boys and girls to adult education, this could easily be integrated in biology or
health science curricula. Additionally, over 4 years after WHO updated its ANC
recommendations to 8 visits in 2016, over 90 percent of countries in SSA are still
non-adherent (121). Public health campaigns could promote this and ANC
guidelines in Kenya, Uganda and Tanzania ought to not only be updated but also
implemented in health facilities countrywide. This could bring a significant
improvement in neonatal survival outcomes.

Our findings indicated wider socioeconomic disparities in utilization of care
implying that the current free or subsidized maternity policies have not achieved
their intended goals. Advocating for “absolutely” free maternal and newborn care
could be considered in Kenya, Uganda, and Tanzania. In turn this will also lead to
promotion of intervention to prevent unwanted pregnancies through use of
contraceptives and eliminating child marriages to alleviate health systems from
unnecessary financial burdens resulting from providing free maternal health care for
the many unintended adolescent pregnancies.

Beyond the current social and educational policies aimed at preventing adolescent
pregnancies, there could be continuous evaluation research of the impact of such
policies to improve their effectiveness. Additionally, given the high population of
young people in these countries, there could be a sustained national crisis-level
intervention to prevent adolescent pregnancies. Implying that even in vulnerable
situations such as covid-19 pandemic lockdowns, keeping adolescents free from
pregnancies could be among the highest national priorities. For the long term, access
to quality education for all and tertiary skills could be improved beyond the current
state, and this could be legally binding for parents with primary level children in
East Africa. Return on investments that spotlights earnings that can be realized
through prevention of adolescent pregnancies for instance the “Girls not bride”
campaigns (122) across SSA could be highlighted to give impetus to political
support and policy implementations.
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Conclusion and recommendations

Inadequate care utilization, low birthweight, and adolescent maternal age are major
risk factors to neonatal deaths in Kenya, Uganda, and Tanzania. Further research to
understand the broader spectrum of factors influencing maternal care-seeking
behaviour is necessary. Understanding which maternal and newborn care policies
have been fully implemented in East African countries and which ones exist only in
print, including the 8 ANC visit recommendations (121) is vital to closing the
implementation gaps.

The many strategies aimed at reducing adolescent pregnancies have not achieved
any improvements in Kenya, Uganda, and Tanzania. For instance, the 2020 revised
guidelines for prevention and management of teenage pregnancy in school settings
in Uganda outlines previous 9 separate policy frameworks since 1995 aimed at
preventing adolescent pregnancies (123). The report acknowledges that teenage
pregnancy rates has persistently remained high and continue to contribute to both
low birthweight and neonatal (and maternal) deaths in East Africa. Given our finds
that maternal education plays a key role in prevention strategy, perhaps new
strategies such as integrating reproductive education in primary and secondary
school curricula would be a result-oriented strategy to eliminate adolescent
pregnancies. Harnessing political support through highlighting research findings to
parliamentarians such as the very high neonatal deaths among unintended
adolescent pregnancies in this study, could help to mobilize resources needed to
propel tangible preventive strategies such contraceptive awareness and education.
These strategies have proved efficacies in contributing to efforts in HIC to reduce
adolescent pregnancies and consequent neonatal deaths (124).

Achieving SDG 3.2 target for neonatal survival in Kenya, Uganda and Tanzania will
necessitate adopting new and innovative strategies to improve care utilization. One
such approach would be to adopt an evidence-based brief set of standard questions
with an overall score scale, that can be used during the first ANC visit to determine
care-seeking tendencies of a mother and use that information to close the care-
seeking gaps where most needed. Using existing structures such as community
health workers or village health teams and perhaps mobile health (mHealth) strategy
to send reminder messages to pregnant mothers to seek care ought to be explored.

Given our findings of 63% avoidable neonatal deaths in Kenya, it can be noted that
even with the current state of quality of maternal health care in Kenya, and perhaps
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in Uganda and Tanzania too, improving and sustaining care-seeking among
expectant mothers in East Africa to a minimum of at least 4 ANC, facility birth and
at least 1 PNC could help to achieve SDG 3.2 that aims to reduce neonatal deaths to
as low as 12 deaths per 1000 live births much earlier before 2030.
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Sammanfattning pa svenska

I denna avhandling, med titeln “Férbdttring av neonatal éverlevnad i Ostafrika:
analys av modravardsanvdindning, vardeffektivitet och riskfaktorer for neonatal
dodlighet i Kenya, Uganda och Tanzania”, undersoker vi ledande riskfaktorer och
interventioner som paverkar neonatal dverlevnad i de tre mest befolkade ldnderna i
East Africa Community (EAC). Kenya, Uganda och Tanzania ar tre afrikanska
lainderna soder om Sahara som har registrerat en mycket ldngsam nedging av
neonatal dddlighet. Detta beror delvis pa brist pad forskning for att informera
evidensbaserad policyformulering och implementering, samt resursfordelning.
Detta forskningsprojekt bidrar delvis redan till att fylla luckorna i evidensbasen for
att mojliggora forverkligandet av Sustainable Development Goals (SDG) 3, mél 3.2
som syftar till att avsevirt minska neonatal dddlighet till 12 dédsfall per 1000
levande fodda innan slutet av 2030.

FN noterar att vissa lander i Afrika soder om Sahara fortfarande anvédnder foraldrade
riktlinjer som hindrar tillhandahéllande av livrdddande hilso-och sjukvard. Under
2019 dog o6ver 2,4 miljoner nyfodda (neonatala) barn, vilket motsvarar néstan
hélften av alla dédsfall under 5 &r. Over 80 procent av dodligheten intriffar i 1dg-
och medelinkomstlédnder. Vissa lag inkomstlinder, som Rwanda och Malawi,
uppnadde millennieutvecklingsmal (MDG) 4 2015, medan Kenya, Uganda och
Tanzania fortfarande ar bland de lander som bidrar mest flest neonatala dodsfall i
Afrika trots att de har relativt bittre ekonomi. MDG 4 syftade till att minska barns
dodsfall med tva tredjedelar mellan 1990 och 2015.

De storsta (direkta) riskfaktorerna for neonatala dodsfall &r infektioner,
forlossningskomplikationer och for tidig fodsel. De flesta av riskfaktorerna kan
forebyggas med insatser utanfor intensivvarden. Fodslar utanfor vardinrattningar
(hemma) &r vanliga i ménga ldnder i Afrika soder om Sahara vilket gor att ett antal
sjukhusbaserade studier 4r mindre representativa for befolkningen. Vidare gor
bristen pa fodelse-och dodsdata for nyfodda det svért att bedriva forskning for att
informera evidensbaserad policy. Likt manga andra afrikanska ldnder soder om
Sahara finns det mycket begrinsade befolkningsbaserade studier i Ostafrika. Detta
projekt anvéinder nationellt representativa data fran Demographic and Health
Survey (DHS) for att ge en djupare forstaelse av faktorer som paverkar neonatal
overlevnad i Ostafrika. Projektet genererar ocksa rekommendationer for att stodja
beslutsfattare i att vigleda mddra-och barnhélsointerventioner for 6kad 6verlevnad
hos nyfodda.
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Projektet bestar av 5 individuella studier som kompletterar varandra: Studie I, II,
III, IV och V. Data fran DHS anvéndes 1 alla studier. Férdelarna med att anvidnda
denna typ av data ar att det &r nationellt representativt, det vill séga, att data samlades
in 6ver hela landet. Insamlade data fangade &ven de manga neonatala fodslar och
dodsfall som inte registrerades officiellt, eftersom de intrdffade utanfor
vardinrattningarna.  Dataanalysen omfattade binomial och multinomial
logistikregression samt dverlevnadsanalysmetoder.

I studie I, med titeln, ”Effektivitet av modravard for att forbygga neonatal dodlighet
i Kenya: analys av nationella enkdtdata”, undersokte vi hur besok hos barnmorskor,
olika vardinsatser, och kontroll for graviditetskomplikationer bidrar till neonatal
overlevnad i Kenya. Resultaten indikerar att brist pd, eller farre besok hos,
barnmorskor bidrog till ungefar 28 % av neonatala dodsfall i Kenya 2014, och att
modravard med okvalificerad personal indirekt orsakade 9% av neonatala dodsfall.

Syftet med studie II, med titeln "Overlevnad hos nyfodda med lig fodelsevikt i
Uganda: analys av framsteg mellan 1995 och 2011, var att undersdoka sambandet
mellan lag fodelsevikt (LFV) (bebisar som viger mindre d4n 2500 gram vid fodseln)
och neonatal dédlighet, och att faststdlla trenderna for neonatala dédsfall pa grund
av lag fodelsevikt i Uganda mellan 1995 och 2011. Resultaten visade att lag
fodelsevikt dr en stor underliggande riskfaktor for neonatala dodsfall. Jimfort med
normal fodelsevikt (2500—4000 gram) var risken (oddsen) for neonatal dodlighet i
Uganda 6 ganger hogre for barn med LFV 1995, och denna risk minskade gradvis
till cirka 4 génger hogre ar 2011. Over 70% av LFB nyfodda dog i Uganda i 2011,
en minskning med ungefar hélften sedan 1995.

Studie 111, med titeln ”Kejsarsnittsforiossningar och associerade socioekonomiska
faktorer och neonatala overlevnadsutfall i Kenya och Tanzania: analys av
nationella enkdtdata”, undersokte hur kejsarsnitt och associerade socioekonomiska
faktorer paverkar 6verlevnad bland nyfodda barn i Kenya och Tanzania. Resultaten
tyder pa att anvédndandet av kejsarsnitt var mycket hogre bland modrar fran rikare
hushall, med mer utbildning, samt bland modrar i hdgre anstdllningsspositioner.
Dessutom var kejsarsnittsforlossningarna hogre bland de som fédde barn pa
missiondrbaserade sjukhus jamfort med statliga sjukhus i Kenya och Tanzania. Vi
fann ocksd betydande samband mellan kejsarsnitt och neonatala dodsfall.
Ytterligare forskning behdvs for att stirka dessa resultat.

Syftet med studie IV, med titeln “Bestimningsfaktorer for fortsatt
médravdrdsanvindande under graviditet, fodsel och postnatalt och associerad
neonatala o6verlevnadsutfall i Kenya och Uganda: analys av demografisk-och
undersokningsdata”, var att undersoka hur socioekonomiska faktorer paverkar
modrars vardsokande fran graviditet till fodsel och till den postnatala perioden, och
dess samband med neonatal 6verlevnad i Kenya och Uganda. Detta &r ett omrade
som tidigare sidllan studerats i laginkomstlédnder. Resultaten av studien visar att
Kenya kunde 63 % av all neonatala dodsfall ha forhindrats om alla gravida modrar
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hade besokt kvalificerad personal minst 4 génger, hade sin forlossning péa sjukhuset,
och besokte postnatalvarden minst en gang tidigt efter férlossning. Resultaten visar
ocksa att bade i Kenya och i Uganda sa var det bara ungefar halften (56%) av gravida
som besokte modravarden 4 eller fler génger, och mycket firre hade 1
postnatalvardsbesok. Tendensen att soka vard okar som mest bland mdodrar dar
nagon av fordldrarna hade hogre utbildning. Tillgangen till media, s4 som radio och
TV, o6kade ocksd modrars vardsdokande. Langre avstand till vérdinrdttningar
minskade vardsokandet. Vidare sd visade resultaten att modrar som var mer
beroende av sin man i beslutstagande kring nér de bor s6ka mddravard var mindre
bendgna att soka vard, d4n de som bestdmde sjilva.

Studie V, med titeln ”Overlevnad bland nyfédda med tondrsmédrar och effekterna
av graviditetsintention och civilstatus pa nyfoddas o6verlevnad: analys av en
tvdrsnittsundersokning i Kenya, Uganda och Tanzania, 2014 — 2016 undersokte
effekterna av graviditetsintention och civilstatus pé Overlevnadsmonstret bland
nyfodda med modrar i tondren i Kenya, Uganda och Tanzania. Overlevnadstiden
hos nyfodda med modrar i tonaren var ungefér tva ganger sé kort i jimforelse med
dldre modrar, i1 aldrarna 20-29. Bland gifta tondringar med oplanerad graviditet sa
var risken for neonatala dodsfall inom en kort period efter fodsel 3—4 ganger hogre.
Bland forstagangsmodrar i tondren med oplanerad graviditet s& var risken for
neonatala dodsfall 6 ganger hogre.

Resultaten visar att brist pa, eller otillrickligt modravardsanvéndande, 1ag
fodelsevikt och ung alder &r bland de framsta riskfaktorerna och bidrar till en hog
andel av neonatala dodsfall i Kenya, Uganda och Tanzania. Implementering av, och
forstarkning till, existerande rekommendationer s& som den nya 8§ ANC
rekommendationen fran WHO kan bidra till 6kad neonatal Gverlevnad. Nya
strategier for att frimja vardsokande bland mddrar i Kenya, Uganda och Tanzania
maste undersokas for att na drastiska fordndringar som 1 sin tur kan bidra till att na
Sustainable Development Goal 3.2 som syftar till att avsevirt minska neonatal
dodlighet till 12 dédsfall per 1000 levande fédda innan slutet.
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Summary 1n Swahili

Katika mradi huu kwa kichwa, "Uporeshaji wa maisha ya watoto wachanga Afrika
Mashariki: utafiti kuhusu utumiaji wa huduma za akina mama, ufanisi wa huduma
za afya na sababu hatari zinazoletea vifo vya watoto wachanga nchini Kenya,
Uganda na Tanzania." Tunachunguza vitu vinavyoongoza kuhatarisha maisha ya
watoto wachanga (chini ya umri wa siku 28), na suluhisho za kipekee zinazoletea
watoto hao wachanga kunusurika katika nchi tatu zenye watu wengi sana katika
jumuiya ya Afrika Mashariki (EAC). Kenya, Uganda na Tanzania ni miongoni mwa
nchi zilizoko Kusini mwa Jangwa la Sahara ambazo zimepungua polepole sana
viwango vya vifo vya watoto wachanga ndani ya siku 28 baada ya kuzaliwa. Hii
kwa kiasi fulani ni kwa sababu ya ukosefu wa utafiti wa kufahamisha uundaji na
utekelezaji wa sera unaozingatia ushahidi na ugawaji wa rasilimali. Mradi huu wa
utafiti, kwa kiasi, tayari unachangia kujaza mapengo yanayohitaji ushahidi
mathubuti kuwezesha utimilifu wa Lengo la Maendeleo Endelevu (SDG) 3, lengo
3.2 ambalo linalenga kupunguza kwa kiasi kikubwa viwango vya vifo vya watoto
wachanga (chini ya umri wa mwezi mmoja) hadi vifo 12 kwa watoto 1000
wanaozaliwa wakiwa hai ifikapo mwaka 2030.

Umoja wa mataifa ulibainisha kua baadhi ya nchi za Africa kusini mwa Jangwa la
Sahara bado zinatumia sera ambazo hazina uwezo na ambazo mwongozo wao ni wa
kitambo sana unaozuia utoaji wa huduma bora zinazookoa maisha. Mnamo mwaka
2019, zaidi ya watoto milioni 2.4 chini ya umri wa mwezi mmoja walikufa, ambayo
ni takribani asilimia 47 ya vifo vya watoto chini ya miaka 5. Zaidi ya asilimia 80 ya
vifo vya watoto hawa hutokea kwenye nchi zenye mapato ya chini na ya katikati.
Hata hivyo, baadhi ya nchi zenye pato la chini kama Rwanda na Malawi zilikia
Malengo ya Maendeleo Milenia (MDG) 4 mnamo mwaka 2015 huku Kenya,
Uganda na Tanzania zikabaki kati ya nchi zinazochangia vifo vingi sana vya watoto
wachanga Afrika licha ya kuwa na uchumi mzuri kiasi kuliko Rwanda na Malawi.

Sababu kuu za hatari zinayosababisha vifo vya watoto wachanga hujumuisha;
kuzaliwa kwa watoto mapema kabla ya wakati, maambukizi, na matatizo ya
kujifungua, ambayo mengi yanazuilika kwa uingiliaji wa huduma zisizo za
wagongjwa mahututi. Wamama kujifungua wakiwa nyumbani pasipo kutembelea
vituo vya afya vinaenea kwa wingi katika nchi nyingi za Afrika kusini mwa Jangwa
la Sahara. Wao huchukua sehemu kubwa ya mafunzo ya kiafya kuwakilisha idadi
ya watu.Zaidi ya hayo,upungufu wa rekodi za usajili hospitalini pamoja na
upungufu wa ukaguzi wa kitaifa kuonyesha miezi kabla na baada ya kuzaliwa kwa
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mtoto, na tena rekodi ya vifo vya watoto wachanga hufanya vigumu sana kufanya
utafiti na kuzua sera halisi. Ukizingatia nchi nyingi za Afrika Kusini mwa Jangwa
la Sahara, utafiti kuhusu idadi ya watu, hupatikana kwa nadra sana katika Afrika
Mashariki. Mradi huu kwa sasa hutumia hesabu za kitaifa za idadi ya watu na utafiti
wa kiafya (DHS) kutoa ufahamu wa kindani kuhusu sababu zinazoamua hatima ya
watoto wachanga Afrika Mashariki. Mradi huu pia huzalisha mapendekezo ya
kusaidia juhudi za watunga sera kuongoza afya ya mama na mtoto kwa matokeo
bora ya watoto wachanga.

Mradi huu wa utafiti hunajumuisha tafiti tano za kibinafsi ambayo yanapongezana:
Masomo I, II, III, IV na V. Tulitumia data ya uchunguzi kutoka kwa tafiti za idadi
ya watu na afya (DHS). Kutumia aina hii ya data kulikuwa na faida kwa kuwa
ilikuwa uwakilishi wa kitaifa. kwa mfano,habari inakusanywa kutoka sehemu yote
ya nchi. Data iliyokusanywa ilinasa hata vifo vingi vya watoto wachanga na vifo
ambavyo havijasajiliwa katika sajili za kuzaliwa au vifo kwa sababu vilitokea nje
ya vituo vya afya.

Kwa uchanganuzi wa data, tulitumia njia ya uchambuzi wa data inayoitwa "logistic

regression”, “multinomial logistic regression” na pia survival analysis” kwa lugha
ya kingereza.

Katika utafiti wa 1, kwa kichwa: “Ufanisi wa huduma za utunzaji katika ujauzito
katika kupunguza vifo vya watoto wachanga nchini Kenya: uchambuzi wa data ya
uchunguzi wa kitaifa”. Tunachunguza mama wajawazito akienda kuhudumiwa
katika kituo cha afya (yani, antenatal care), na huduma mbalimbali kama, utunzaji
wa ujauzito wenye ujuzi, kupata sindano ya Pepopunda,na kuangalia matatizo ya
mimba ili kusaidia kupunguza vifo vya watoto wachanga. Matokeo yanaonyesha
kuwa,mama mjamzito anapokosa kutembelea vituo vya huduma za afya, au bila
kabisa kupata huduma za kutosha inaletea vifo vya watoto wachanga asilimia 28
nchini Kenya katika mwaka wa 2014 na kwa kutopata ujuzi kutokana na huduma za
kiafya, imeletea vifo vya watoto wachanga asilimia 9.

Katika utafiti wa II, kwa kichwa: “Maisha ya watoto wanaozaliwa wakiwa na
kipimo cha uzito mdogo nchini Uganda: Utafiti wa maendeleo haya ulifanyika kati
va mwaka wa 1995 na 2011”. Lengo hasa lilikuwa kutathmini uhusiano kati ya
watoto waliozaliwa na uzito ulio chini ya gramu 2500, na vifo vya watoto wachanga,
na kuamua ni mwenendo au kiwango gani kilicholetea vifo vya watoto hao
waliozaliwa na uzito wa chini miaka hiyo (1995-2011).

Matokea yalionyesha kuwa uzito wa kiwango cha chini kwa watoto wanaozaliwa ni
sababu kuu ya hatari inayolete vifo vya watoto wachanga. Tukilinganisha na watoto
wa kawaida wanaopima kati ya gramu 2500 na 4000 baada ya kuzaliwa,uwezekano
wa vifo vya watoto wanaokufa wakiwa wachanga nchini Uganda ni mara 6 zaidi ya
wale watoto wachanga waliopima uzito wa chini mnamo mwaka wa 1995. Hii hatari
iliendelea kupungua taratibu hadi mara 4 zaidi ilipofikia mwaka wa 2011.
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Zaidi ya asilimia 70 ya watoto wanaozaliwa wakipima uzito wa chini walikufa
nchini Uganda mnamo mwaka wa 2011. Katika nchi nzima ya Uganda, hii iliweza
kuchangia takribani asilimia 15 ya watoto waliokufa wakiwa wachanga katika
mwaka wa 2011 wachache kwa takribani nusu tangu mwaka wa 1995.

Katika somo la III, lenye kichwa: “Kwjifungua kwa upasuaji na sababu
zinazohusiana za kijamii na kiuchumi na matokeo ya maisha ya watoto wachanga
nchini Kenya na Tanzania: uchambuzi wa data ya uchunguzi wa kitaifa”. Lengo
Lake ni kuchunguza sababu za kijamii na za kiuchumi zinazosababisha kujifungua
kwa njia ya oparesheni nchini Kenya na Tanzania ili kutathmini athari za Maisha
baada ya kuzaliwa kwa mtoto. Matokeo yanayoonyesha kuwa utumiaji wa huduma
ya upasuaji ulikua wa juu zaidi miongoni kwa wamama wajawazito kutoka familia
tajiri, wenye elimu ya juu na wale walio na vyeo vya juu kazini. Pia waliojifungua
kwa upasuaji walikuwa juu zaidi kati ya wale waliojifungulia katika hospitali ya
misheni ikilinganishwa na hospitali za serikali nchini Kenya na Tanzania. Pia
tulipata uhusiano mkubwa kati ya kujifungua kwa upasuaji na vifo vya watoto
wachanga. Hata hivyo utafiti zaidi unahitajika ili kutoa ushahidi zaidi.

Katika utafiti wa 1V, kwa kichwa; “Viamuzi vya kuendelea kutafuta huduma ya
uzazi wakati wa ujauzito, kujifungua na baada ya kuzaa na matokeo yanayohusiana
na maisha ya watoto wachanga: uchambuzi wa data ya uchunguzi wa kitaifa”. Hii
ni sshemu ambayo ilikuwa na masomo machache sana ya hapo awali katika nchi za
kipato cha chini na kati. Utafiti huo ulilenga kuchunguza sababu zinazoathiri
wamama kuendelea kutafuta huduma kutoka kwa ujauzito hadi kuzaliwa kwa mtoto
nchini Kenya na Uganda. Tuligundua kwamba nchini Kenya hasa watu asilimia 62
wanaotokana na vifo vya watoto wachanga (neonates) wanaweza kingwa iwapo
wanawake wajawazito afadhali hutembelea vituo vya huduma za afya mara nne
kabla ya kujifungua, hujifungulia hospitalini na kwa uchache sana hutembelea vituo
vya huduma za afya mara moja baada ya kujifungua.

Matokeo yanaonyesha kuwa Kenya na Uganda nusu pekee (asilimia 56) ya
wanawake wajawazito walitembelea mara nne au zaidi vituo vya huduma za afya,
na wachache sana walivitembelea vituo hivyo kupokea huduma. Mazoea ya
kutembelea vituo vya huduma za afya iliongezeka kwa wazazi walioelimika sana.
Pia kufikia vyombo vya habari vikiwemo redio na runinga, huongeza hamu na haja
ya wanawake wajawazito kutembelea vituo vya afya kupokea huduma. Hali
kadhalika, baadhi ya wanawake ambao walitegemea waume zao kufanya maamuzi
ya lini watatafuta huduma ya uzazi walikuwa na mwelekeo mdogo wa kutafuta
matunzo ikilinganishwa na wale ambao wangeweza kuamua wao wenyewe.

Masomo ya (V) kwa kichwa, “Kua hai kwa watoto wachanga chini ya mwezi mmoja
wanaozaliwa na wanawake vijana na athari za nia la kupata mimba pamoja na
viwango vya hali ya maisha ya ndoa nchini Kenya, Uganda na Tanzania”. Kua hai
kwa watoto wachanga wanaozaliwa kimakusudi na wamama vijana ulikuwa mara
dufu kwa ufupi ukilinganisha na wamama wakomavu wa umri kati ya miaka 20-29.
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Kati ya wanawake vijana walio katika ndoa ambao hawakusudia kupata mimba,
hatari ya kufa kwa watoto wachanga muda mfupi baada ya kuzaliwa ulikuwa
takribani mara 3-4 zaidi.

Hali kadhalika, kati ya wamama vijana wanaojifungua kwa mara ya kwanza na
waliopata mimba zisizokusudiwa, hatari ya kifo ilikuwa Inaathiri kwa upesi mara 6
zaidi ukilinganisha na wamama wakomavu wa umri kati ya miaka 20-29.

Kwa jumla tunaweza kuhitimisha kwamba, ukosefu au kutotoshelezwa kwa
utumiaji wa huduma za afya, watoto wanaozaliwa wakipima uzito mdogo, na umri
wa vijana wanaopata mimba ni baadhi ya sababu hatari zinazoongoza na kuchangia
makadirio ya hesabu ya vifo vya watoto wachanga nchini Kenya, Uganda na
Tanzania. Kuhakikisha na kudumisha mapendekezo yaliyowekwa kama vile ziara
nane za utunzaji katika ujauzito, na Shirika la Afya Duniani limechukua hatua na
kuchangia kwa maisha ya watoto wachanga. Mikakati mipya ya kukuza tabia ya
kutembelea huduma za malezi bora,lazima itumiwe ili kupokea mabadiliko ya
haraka sana ambayo yatawezesha kupata mafanikio ya kudumu kufia lengo 3.2
ambalo hulenga kupunguza vifo vya watoto wachanga kwa takribani vifo 12 kwa
watoto 1000 wanaozaliwa wakiwa hai nchini Kenya, Uganda na Tanzania.
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Background: Although global neonatal mortality declined by about 40 percent from 1990 to
2013, it still accounted for about 2.6 million deaths globally and constituted 42 percent of
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global under-five deaths. Most of these deaths occur in developing countries. Antenatal care

(ANQ) is a globally recommended strategy used to prevent neonatal deaths. In Kenya, over 90
percent of pregnant women attend at least one ANC visit during pregnancy. However, Kenya
is currently among the 10 countries that contribute the most neonatal deaths globally.

Objective: The aim of this study is to examine the effectiveness of ANC services in reducing

neonatal mortality in Kenya.

Methods: We used binary logistic regression to analyse cross-sectional data from the 2014
Kenya Demographic and Health Survey to investigate the effectiveness of ANC services in
reducing neonatal mortality in Kenya. We determined the population attributable neonatal
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mortality fraction for the lack of selected antenatal interventions.

Results: The highest odds of neonatal mortality were among neonates whose mothers did
not attend any ANC visit (adjusted odds ratio [aOR] 4.0, 95% confidence interval [CI] 1.7-9.1)
and whose mothers lacked skilled ANC attendance during pregnancy (aOR 3.0, 95% Cl 1.4-
6.1). Lack of tetanus injection relative to one tetanus injection was significantly associated
with neonatal mortality (@OR 2.5, 95% Cl 1.0-6.0). About 38 percent of all neonatal deaths in
Kenya were attributable to lack of check-ups for pregnancy complications.

Conclusions: Lack of check-ups for pregnancy complications, unskilled ANC provision and
lack of tetanus injection were associated with neonatal mortality in Kenya. Integrating
community ANC outreach programmes in the national policy strategy and training geared
towards early detection of complications can have positive implications for neonatal survival.

Background

Antenatal care (ANC) is one of the key strategies recom-
mended to reduce the risk of neonatal mortality in any
community irrespective of socio-demographic back-
ground [1-4]. Although global neonatal mortality
(deaths before 28 days of age) declined by 40 percent
from 1990 to 2013 [5,6], it still accounted for about 2.6
million deaths globally and constituted 42 percent of
global under-five mortality (deaths before 5 years of
age) [7]. Over 99 percent of neonatal mortalities occur
in low- and middle-income countries [8]. While the
absolute numbers of under-five deaths have declined,
the proportion of deaths occurring in the neonatal period
has risen and this is because of the slower declining rates
of neonatal mortalities [9]. From 1990 to 2013, the neo-
natal proportion of under-five mortality increased from
37 to 44 percent [5]. Reducing global under-five mortal-
ity is thus largely dependent on a reduction in neonatal
deaths [3]. In sub-Saharan Africa (SSA), high numbers of
neonatal deaths are sustained by the high fertility rate of
about 5.1 births per woman [10].

In many SSA countries, the leading risk factors for
neonatal deaths include preterm births, birth compli-
cations, infections such as tetanus, sepsis and pneu-
monia [1,11,12]. All these risk factors can be
minimized or prevented through ANC interventions.
The World Health Organization (WHO) recommen-
dation for effective ANC services, specific to low-
income countries, is four or more ANC visits [13].
The recommendation requires each of the first two
ANC visits to take place in the first two trimesters
and the last two visits should take place in the last
trimester [13]. Each visit is required to focus on a
given ANC service package as outlined in the WHO
guidelines [13]. Overall, the main services include
screening for complications, health education for
healthy lifestyle, 2 tetanus toxoid (TT) injections
and 90 iron/folic acid (IFA) tablets [13]. Several
countries have adopted these recommendations and
the coverage of at least one ANC visit has been high.

However, while the decline in neonatal mortality
rate (NMR) has progressed moderately fast in some
low-income countries, in others, the decline has been
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slow [9,14]. For instance, the NMR in Rwanda and
Cambodia declined from 42 to 19 and 35 to 15 (per
1000 live births) between 2000 and 2015 respectively,
while in Kenya the NMR declined from 29 to 22
during the same period [14].

Kenya is among the 10 countries that contribute
the most neonatal deaths globally [15]. In addition to
the WHO recommendations, the Kenyan government
introduced free maternal health services that included
antenatal and delivery care in first-level government
health facilities from June 2013 [16].

Like in many other SSA countries, estimating the
impact of ANC in improving neonatal or birth out-
comes in Kenya has been difficult [17]. Most studies
have focused on the effectiveness of coverage and
implementation of ANC services [18-21] but there
exists no thorough standardized system to evaluate
the interventions in terms of neonatal survival. A
number of community and health facility-based stu-
dies in SSA have investigated the effectiveness of
various components of ANC interventions in redu-
cing neonatal mortality [22,23]. However, these stu-
dies have been limited to the fraction of births that
are registered in the health facilities and neonatal
deaths that are inadequately reported and are there-
fore less representative of the entire population. A
few similar population-based or nationally represen-
tative studies have also been conducted in some SSA
countries [20,21,24,25]. In 2011, McCurdy et al. [26]
conducted an aggregate-level study in the region,
which involved 17 least developed SSA countries,
excluding Kenya [26]. The study generally found
that ANC from a skilled provider was associated
with decreased risk of neonatal mortality. The study
also identified that the most effective ANC interven-
tions included TT injection, and weight and blood
pressure (BP) measurements [26]. However, with the
very wide disparities in NMRs among the countries
observed in the study and the wider differences in the
years of surveys for the various countries included
(between 2003 and 2009), country-specific analysis
would provide more comprehensive and reliable find-
ings at the country level.

The aim of this study is to examine the effective-
ness of ANC services in reducing neonatal mortality
in Kenya. The findings will highlight the impact of
ANC interventions, with implications to improve
health workers’ operations, cost-effectiveness and to
accelerate the reduction of neonatal deaths.

Methods
Study settings

The Kenyan population was estimated to be 47.8 mil-
lion in 2015 [27] and about 75 percent live in the rural
areas [28]. With the fertility rate at 4.1 and sex ratio of

1:1, an estimated 22,000 births occur every day [27].
Like many SSA countries, agriculture is the main eco-
nomic activity [29]. In June 2013, the Kenyan govern-
ment introduced free maternal and child health
services in all first-level public health facilities and
this resulted in an increase in the number of pregnant
women using ANC services and about an 18 percent
increase (from 44 percent in 2009 to 62 percent in
2014) in skilled attendance during delivery at the
health facilities [30]. The main challenges affecting
maternal and child health care in Kenya are severe in
rural areas and include inadequately skilled health
providers, distance to the health facilities (in rural
areas), burden of HIV/AIDS, and insufficient facilities,
equipment and supplies[16,31].

Study design and data source

We obtained cross-sectional survey data from the 2014
Kenya Demographic and Health Survey (DHS). The
DHS randomly samples data across the entire country
and in all the counties. The 2014 Kenya DHS used a
sampling frame generated from the National Sample
Survey and Evaluation Programme (NASSEP V) and
therefore the data-sets are nationally representative
[32]. The survey used household and individual
(mothers) questionnaires to collect information on mor-
tality, ANC, family planning, reproduction and socio-
demographic characteristics [32]. In this study, only the
most recent singleton children, born 1-59 months
(~5 years) prior to the 2014 survey, were included in
the study. This improved the accuracy of verbal interview
since the respondents (mothers) could easily recall the
most recent birth occurrences or readily provide the
ANC card for reference, thus strengthening the internal
and external validity of this study. Further, singleton
selection eliminated any confounding effect of multiple
births that are prone to mortality due to biological factors
other than inadequate ANC. A total of 14,190 cases were
included in the study. The participants remained anon-
ymous. The mothers were asked a series of structured,
direct, probing and follow-up questions on reproduction
and various ANC services they had received or not
received. The responses were filtered and coded into
two or more categories [33]. The DHS methodology
toolkit and field manuals are available for further details
on data sampling and collection methods [34,35].

Study variables

Outcome variables
Neonatal mortality: This was defined as the death of a
baby before reaching 28 days (one month) of age.
This variable was dichotomized into yes (for neonates
who died within a month) and no (were alive for the
first month of life).



Primary predictor variables

ANC visits: This meant the number of times an
expectant mother visited a skilled provider for
check-ups and pregnancy-related advice during preg-
nancy until the delivery of the baby. It was classified
into no visit, 1-3 visits and 4 or more visits.

TT injection: TT vaccination protects the mother
and the baby against tetanus, a deadly infection
caused by Clostridium tetani bacteria which enter
the body through skin cuts and wounds such as
those during delivery or cutting of the umbilical
cord [36,37]. In this study, we examined the effec-
tiveness of no tetanus injection and two or more
tetanus injections relative to one in preventing neo-
natal deaths.

IFA: Intake of IFA supplements is recommended
to lower the risk of preterm birth, low birth weight,
anemia and subsequently neonatal mortality [38]. In
the present study, we compared the effect of 90 or
more IFA tablets, as recommended by the WHO, and
less than 90 in improving neonatal survival.

ANC assistance: Skilled assistance included ANC
attendance conducted by doctors, nurses, clinical or
medical officers while unskilled assistance included
those done by traditional birth attendants (TBA),
nursing aids, community health workers (CHW),
relatives, friends and others. This classification was
similar to that of birth attendance.

Other ANC services examined in this study
include urine analysis [39], checking of BP [40],
screening of weight, blood tests and check-ups for
pregnancy complication.

Socio-demographic, maternal and birth-related
variables

These comprised independent variables that are the-
orized to be non-causal risk factors to neonatal mor-
tality. Some variables are also associated with lack of
or inadequate ANC and are included in this study as
confounding variables. They include place of resi-
dence (rural), birth attendance, cesarean birth [41],
parity [42,43], advanced maternal age [42], low birth
weight [43,44], poverty (low wealth) [45], low educa-
tion level [46] and single motherhood [47]. The
wealth status classification of the DHS is based on a
composite measure of a household’s cumulative living
standard measured in terms of household assets such
as cars, bicycles, type of water and sanitation facility
used and housing construction materials [48]. The
wealth index is computed based on the asset index
of socioeconomic status [48]. It also takes into
account the rural and urban settings. A statistical
procedure known as principal components analysis
is then used to categorize individual households on a
continuous scale of relative wealth [48]. In this study,
single women included those who were never mar-
ried, widowed, divorced or separated and not living
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together while married women were those who were
married or living together at the time of neonatal
death. Similarly, education level of less than 9 years
was primary level and 9 years or more was secondary
or higher level while no formal education was
referred to as no education. Descriptions and classi-
fications of the study variables are detailed in Box 1.

Box 1. Summary of variables

Variable category Variable
Outcome variable Neonatal mortality

Categorization
Yes (Died within

1 month)
No (Was alive for the first
month of life)
Predictor
variables ANC visits No visit
1-3 ANC visits
4 or more (= 4) ANC visits
ANC attendance Unskilled attendant
Skilled attendant
Timing of 1°* ANC 1 trimester
visit
2" trimester
3" trimester
Tetanus toxoid (TT) No injection
injection(s)
1 TT injection
2ormore (=2) TT
injections
Iron/folic acid (IFA) 0 to < 90 tablets
90 or more (> 90) tablets
Birth attendance Unskilled attendant
Skilled attendant
Weight screened, Yes and
checked, analysis of no
blood/urine done
Socio- Maternal age 15-24, 25-34 and 35-49
demographic/
maternal/birth- Low birth weight Yes (< 2500 g)
(LBW)
related variables No (= 2500 g)
Cesarean birth Yes or no
Parity Nulliparous, para 1-3 and
para 4+

Marital status
Maternal education
level

Single and married
No or primary education

Secondary or higher
Wealth index Poor, middle and rich
Place of residence  Rural and urban
Parity refers to the number of times a woman has given birth to a
fetus of 24 or more weeks gestation age, irrespective of whether
the child is dead or alive [42]. LBW is birth weight less than 2500
grams [49].

Statistical methods

Pearson’s chi-square test of independence was
employed to examine the distribution of ANC inter-
ventions and neonatal survival status. Binary logistic
regression was used to determine both the crude and
adjusted odds ratios (cOR and aOR, respectively) for
the associations between lack of or inadequate ANC
services and neonatal mortality. Statistical signifi-
cance was established at 95 percent confidence inter-
vals (95% CI). Data sampling weights were applied
and the complexity of the DHS sampling design was
taken into account in order to improve the
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representativeness of the data. To eliminate the effect
of potential confounding, stepwise regression model-
ing was used. All the socio-demographic variables,
maternal and birth-related variables were considered
as potential confounders in this study. Possible asso-
ciations between each of the predictor variables, each
of the other independent variables and the outcome
variable (neonatal mortality) were assessed by obser-
ving the p-values. Only predictor variables that indi-
cated possible associations (p-value < 0.05) with the
dependent variable (neonatal mortality) were sub-
jected to further analysis. All the other predictor
variables were excluded from further analysis. Crude
odds ratios were generated in model 1. In model 2,
adjusted odds ratios for the associations between lack
of or inadequate ANC interventions and neonatal
mortality were determined after controlling for
maternal background variables (socio-demographic).
In model 3, in addition to the confounding variables
in model 2, the model adjusted for birth-related vari-
ables (skilled birth attendance and cesarean birth).
Model 4 adjusted for all the confounding variables
in models 2 and 3 plus LBW. All the socio-demo-
graphic, maternal and birth-related variables were
also adjusted for each other in each of the models
where they were included in the analysis. We used the
statistical software package IBM SPSS version 22.0
(IBM, Armonk, New York, USA) for analysis and
Microsoft Excel to graphically summarize the effec-
tiveness of ANC interventions in reducing neonatal
mortality.

Estimation of population attributable risk fraction
of selected ANC interventions

The population attributable neonatal mortality risk
fraction (PAR) for lack of or inadequate ANC ser-
vices was computed as the fraction of neonatal deaths
that could have been prevented if the given ANC
service had been provided. The PAR was determined
using the formula,

Pe  (2-1) 4100, where OR is the odds ratio,
adjusted for all the confounding variables in the
study in the logistic regression analysis, and Pe is
the proportion of deaths that lacked the given ANC
service, thus exposed.

Results

Table 1 shows the distribution of maternal back-
ground characteristics by ANC services and birth
attendance. Over 95 percent of all the pregnant
women in Kenya aged 15-49 had at least one ANC
visit during the 1-59 months (~5 years) prior to the
2014 survey. About 89 percent had at least one TT
injection. About 20 percent of the women had their
first ANC visit in the first trimester and over 63

percent of all the mothers in the survey had skilled
birth attendance for their most recently born child.

Table 2 shows the distribution (including p-values)
of all the study variables by neonatal survival status
and NMR. The NMR was four times higher among
those who did not attend any ANC visit relative to
those who had four or more visits. About 67% of all
the expectant mothers in the survey had their first
ANC visit in the second trimester and more than half
of all the women had four or more ANC visits during
pregnancy. The NMR was about 3.5 times higher
among neonates whose mothers had unskilled ANC
attendance relative to those whose mothers had
skilled ANC attendance. Similarly, mothers who did
not receive any pregnancy complication check-up
had a 2.5 times higher NMR compared to those
who received a check-up. The NMR was twice higher
among neonates whose mothers had no TT injection
as compared to those who had one TT injection.
Although the NMRs were comparatively higher
among neonates whose mothers had no or fewer
than 90 IFA tablets, no BP check and no blood tests
or urine analysis, there was no statistically significant
associations (p > 0.05) detected between the lack of
these ANC interventions and neonatal mortality.

Table 3 presents the binary logistic regression ana-
lyses (crude and adjusted odds ratios) for the associa-
tions between lack of or inadequate ANC services and
neonatal mortality. Overall, after controlling for the
effect of maternal background characteristics and
birth-related factors including LBW (Model 4), the
odds of neonatal death were four times higher among
neonates whose mothers had no ANC visit relative to
those whose mothers had four or more (aOR 4.0, 95%
CI 1.7-9.1). The neonates whose mothers had 1-3 ANC
visits had about twice higher odds of deaths compared
to those whose mothers had four or more ANC visits.
Similarly, the odds of neonatal mortality were signifi-
cantly higher among neonates whose mothers had no
TT injection as compared to those whose mothers had
only one TT injection (aOR 2.5, 95% CI 1.0-6.0). There
was no statistically significant difference in the odds of
neonatal mortality between mothers who received two
or more TT injections and those who received one TT
injection (aOR 0.9, 95% CI 0.5-1.4). Neonates whose
mothers had unskilled ANC attendance had three times
higher odds of mortality relative to those whose
mothers had skilled ANC attendance (aOR 3.0, 95%
CI 1.4-6.1). Lack of check-up for complications during
pregnancy was associated with neonatal mortality (aOR
2.4, 95% CI 1.5-4.0). There was no statistically signifi-
cant difference between neonatal survival rates when
comparing skilled or unskilled birth attendance.

Figure 1 summarizes model 4’s results. It indicates
that inadequate or lack of ANC visits, unskilled ANC
attendance, no TT injection and lack of check-up for
complications were associated with neonatal mortality
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Table 2. Distribution of all the study variables by neonatal survival status in Kenya, neonatal mortality rates (NMR) and p-values.
Neonatal survival status (percent)

Variables Died (N = 191) Alive (N = 13,997) NMR (per 1000 live births) p-value
ANC visits

No visit 24 (12.6) 539 (3.9) 426 < 0.01
1-3 visits 80 (41.9) 5340 (38.2) 14.8 < 0.05
4 or more visits 87 (45.5) 8074 (57.9) 10.7

First ANC visit

1°* trimester 31 (18.6) 2766 (20.6) 1.1

2" trimester 118 (70.7) 8959 (66.7) 13.0 > 0.05
3" trimester 18 (10.8) 1704 (12.7) 105 > 0.05
ANC attendant

Unskilled 26 (13.6) 555 (4.0) 448 < 0.001
Skilled 165 (86.4) 13,442 (96.0) 121

T

No TT injection 15 (18.1) 665 (10.0) 220 < 0.01
1 TT injection 29 (31.2) 2739 (39.3) 105

> 2 TT injections 36 (48.4) 3405 (48.6) 13.1 > 0.05
Bought/given IFA

0to < 90 IFA 182 (96.3) 13,237 (96.5) 136 > 0.05
90 or more 7(3.7) 485 (3.5) 14.2

BP checked

No 6 (8.0) 390 (6.1) 16.2 > 0.05
Yes 69 (92.0) 6047 (93.9) 1.3

Urine analysis

No 11 (14.7) 723 (11.2) 15.0 > 0.05
Yes 64 (85.3) 5711 (88.8) 11.0

Blood tests

No 4 (5.3) 257 (4.0) 16.3 > 0.05
Yes 71 (94.7) 6179 (96.0) 1.4

Complications check

No 49 (65.3) 2668 (41.5) 18.0 < 0.001
Yes 26 (34.7) 3765 (58.5) 6.9

Birth attendant

Unskilled 70 (36.5) 4704 (33.6) 147 > 0.05
Skilled 122 (63.5) 9293 (66.4) 13.0

Cesarean birth

Yes 28 (14.7) 1300 (9.3) 211 < 0.05
No 163 (85.3) 12,691 (90.7) 12.7

Place of delivery

Health facility 117 (64.6) 8224 (63.9) 14.0

Home/other places 64 (35.4) 4649 (36.1) 13.6 > 0.05
Sex of the child

Male 94% 7152 13.0 > 0.05
Female 97% 6845 14.0

Parity

Para 1-3 83 (43.2) 7305 (52.2) 1.5 > 0.05
Para 4+ 63 (32.8) 3129 (22.4) 19.5 > 0.05
Nulliparous 46 (24.0) 3563 (25.5) 1.7

Low birth weight

Yes (< 2500 g) 7 (8.3) 293 (4.4) 233 > 0.05
No (= 2500 g) 77 (91.7) 6370 (95.6) 1.9

Maternal age'

15-24 51 (26.7) 4192 (29.9) 120 > 0.05
25-34 80 (41.9) 6977 (49.8) 1.3

35-49 60 (31.4) 2828 (20.2) 20.8 < 0.001
Education level

No education 25 (13.1) 1366 (9.8) 18.0 < 0.01
Primary 119 (62.3) 7607 (54.3) 154 < 0.01
Secondary or higher 47 (24.6) 5025 (34.9) 9.3

Marital status

Single 34 (17.7) 2594 (18.5) 129 > 0.05
Married 158 (82.3) 11,404 (81.5) 13.7

Place of residence

Rural 114 (59.7) 8613 (61.5) 13.1 > 0.05
Urban 77 (40.3) 5384 (38.5) 14.1

Wealth index

Poor 89 (46.6) 5554 (39.7) 15.8 < 0.05
Middle 38 (19.9) 2557 (18.3) 14.6 > 0.05
Rich 64 (33.5) 5886 (42.1) 10.8

Sex of the child

Male 94 (49.2) 7152 (51.1) 13.0 > 0.05
Female 97 (50.8) 6845 (48.9) 13.9

Sample neonatal mortality rate (NMR) = 1 3.5

Number of live—born deaths before 1 month of age
NMR was calculated as (i umber of ve—born deaths before 1 month of ageXIOO())'




GLOBAL HEALTH ACTION (&) 7

Table 3. Binary logistic regression analysis (models 1-4) showing the associations between antenatal care (ANC) interventions
and neonatal mortality in Kenya, crude odds ratios (cOR) and adjusted odds ratios (aOR) with 95 percent confidence intervals

(C).
Model 1 Model 2 Model 3 Model 4
Variables /variable classifications Categories cOR (95% Cl) aOR (95% Cl) aOR (95% Cl) aOR (95% Cl)
ANC visits 0 visits 4.2 (2.7-6.7) 39 (2.3-6.3) 44 (2.5-7.6) 4.0 (1.7-9.1)
1-3 visit(s) 14 (1.0-1.9) 13 (1.0-1.8) 14 (1.0-1.9) 18 (1.1-3.0)
4 or more 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
ANC assistance Unskilled 38 (2.5-5.8) 34 (2.1-5.3) 37 (24-5.9) 3.0 (1.4-6.1)
Skilled 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
TT injection oTT 24 (1.1-5.6) 24 (1.0-5.7) 23 (1.0-5.5) 25 (1.0-6.0)
17T 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
2 or more 0.9 (0.5-1.4) 0.9 (0.6-1.5) 0.9 (0.6-1.5) 0.9 (0.5-1.4)
Complications check Yes 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
No 27 (1.7-43) 24 (1.5-3.9) 24 (1.5-4.1) 24 (1.5-4.0)
Maternal age 15-24 1.1 (0.8-1.5) 1.0 (0.7-1.5) 1.2 (0.6-2.4) 0.9 (0.5-1.8)
25-34 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
35-49 1.8 (1.3-2.6) 17 (0.9-3.3) 15 (1.1-23) 2.1 (1.2-3.7)
Education level No education 14 (1.1-1.8) 1.9 (1.3-2.9) 2.1 (0.9-4.5) 24 (0.8-6.6)
Primary 1.6 (1.2-2.4) 1.2 (1.0-2.4) 13 (1.0-2.4) 1.2 (0.7-2.1)
Secondary 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
Parity Nulliparous 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
Para 1-3 0.9 (0.6-1.3) 12 (0.7-2.1) 1.0 (0.5-2.0) 0.8 (0.3-2.5)
Para 4+ 1.6 (1.1-23) 14 (0.9-23) 12 (0.7-2.0) 15 (0.4-6.2)
Place of residence Rural 1.1 (0.8-1.4) 1.2 (0.9-2.0) 1.5 (1.1-2.2) 14 (0.9-2.5)
Urban 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
Wealth index Poor 12 (0.9-1.7) 1.2 (0.8-2.1) 13 (1.0-1.9) 1.8 (1.0-3.6)
Middle 14 (0.9-2.0) 13 (0.8-2.3) 13 (0.9-2.1) 1.6 (1.0-3.5)
Rich 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0
Cesarean birth Yes 1.7 (1.1-2.5) 1.6 (1.1-3.4) 14 (0.7-3.0)
No 1.0 Ref. 1.0 Ref. 1.0 Ref.
Birth assistance Unskilled 0.9 (0.7-1.2) 1.2 (0.7-2.1) 0.7 (0.6-1.5)
Skilled 1.0 Ref. 1.0 Ref. 1.0 Ref.
Low birth weight Yes (< 2500 g) 19 (0.8-4.2) 20 (0.9-4.5)
No (= 2500 g) 1.0 Ref. 1.0 Ref.

Notes: Ref. — reference. Model 1: shows crude odds ratios. Model 2: Adjusted for maternal and socio-demographic variables. Model 3: Adjusted for
maternal/socio-demographic variables plus birth-related variables (cesarean and skilled birth attendance). Model 4: Adjusted for maternal/socio-
demographic variables, birth-related variables plus low birth weight. Variables in each model were mutually adjusted for each other.

in Kenya. Figure 2 is a graph showing that about 38
percent of neonatal deaths that occurred within the
5 years prior to the 2014 DHS survey in Kenya could
have been prevented if the mothers had had check-ups
for pregnancy complications. Further, about 9.5 and
18.6 percent of the neonatal deaths during the same
period were attributable to lack of ANC visits and
inadequate ANC visits, respectively. The figure shows
that about 10 percent of neonatal mortalities in Kenya
could be attributable to lack of a single TT injection.
Unskilled ANC assistance could account for 9 percent
of neonatal deaths.

Discussion

The present study is perhaps the first of its kind to be
conducted in Kenya at national level and after the
introduction of free maternal and child health care
services in mid-2013 in all the first-level public health
facilities [16]. Overall, our findings suggest that lack
of skilled ANC attendance and no or inadequate
ANC visits were the key ANC factors associated
with neonatal mortality. ANC visits to a health facil-
ity provide the basis for other ANC services.

The results also indicate that a single TT injection
to all pregnant women in Kenya could prevent about

10 percent of neonatal deaths in Kenya. Similar stu-
dies in Ghana and India and an aggregate-level study
in other sub-Saharan countries reported similar find-
ings [1,25,26]. The findings also indicate that availing
of check-ups for complications during pregnancy
could avert about 38 percent of neonatal deaths in
Kenya. Slightly lower estimates were observed in a
hospital-based prospective cohort study (2015) con-
ducted in neighboring Uganda that attributed 17.2
percent of neonatal deaths to obstetric complications
[49]. One might argue that Uganda has had free
maternal health care services in first-level health facil-
ities (following the abolition of user fees) since 2001
[50], long before Kenya followed suit [16], and that
could explain the difference in the attributable mor-
tality fractions since more Ugandan women had free
access to ANC services.

Our findings have key implications for maternal
health care operations in Kenya because they not
only validate most of the WHO recommendations
[13], but also imply that new strategies such as out-
reach programmes (such as community or home
visits) by skilled nurses to administer ANC services
such as check-ups and one TT injection could effec-
tively and significantly reduce neonatal mortalities.
This is particularly plausible due to the fact that the



8 (& M. ARUNDA ET AL.

Protective effect Mortality risk
—@— 1-3 ANC visits versus 4 or more
—@—No ANC visit versus 4 or more o °
—@—2 or more TT versus 1 TT oo
—@—0 TT injection versus 1 TT ° o
—@— Unskilled ANC assistance versus P o ®
skilled
—@—No check up for complications *——eo—o
versus check-up
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Odds ratios

Figure 1. Graphical representation of model 4's results showing adjusted odds ratios for the associations between ANC

interventions and neonatal mortality.

0% 10%  20%

No complication check-ups

1-3 ANC visit(s)

No tetanus toxoid injection

ANC intervention lacking

0 ANC visits

Unskilled ANC assistance

m Deaths attributable to lack of the given ANC intervention

30%

Neonatal mortalities

40%  50% 60% 70% 80%  90% 100%

m Deaths attributable to other causes

Figure 2. Population attributable neonatal mortality risk fraction for lack of or inadequate ANC interventions.

NMR among ANC non-attendees was 42.6 per 1000
live births, 4 times higher than among mothers who
attended > 4 or more times.

In Figure 2, it appears as if insufficient ANC visits
(1-3 ANC visits) accounted for double (18.6 percent)
the percentage of neonatal deaths accounted for by
zero ANC visits (9.1 percent). This is sufficiently true
due to the very few mothers (5 percent) that are in the
category of zero ANC visits compared to the many
mothers (38 percent) in the 1-3 ANC visits category. It

is also most probable that the 5 percent did not seek
any ANC because they felt they had no pregnancy
complications or symptoms of complications.

Our findings could not explain why two or more
TT injections relative to one TT injection did not
provide any additional protection to the neonates
as shown by the crude and adjusted odds ratios that
are not statistically significant. However, a study in
India indicated that one and two TT injections
equally (equal OR) reduced the risk of neonatal



mortality [51]. Given the state of low-resourced
settings in SSA, the results reflect that comprehen-
sive population coverage with a single TT injection
during the antenatal period could generate a much
greater national progress in reducing neonatal
deaths in Kenya. However, further research is
needed to explore the impact of two TT injections
in reducing neonatal deaths in Kenya.

Contrary to our findings, studies have hypothesized
the protective effect of consuming > 90 IFA tablets
towards newborn survival [1]. Investigating the effec-
tiveness of IFA in a cross-sectional study has key limita-
tions in that iron and folate can easily be obtained in
mothers’” daily diets. Further, it is very difficult for the
majority of the less educated, rural women to recall the
quantity of IFA they bought or the actual number of
tablets taken in their last pregnancy. In this study, less
than 5 percent took the recommended 90 or more IFA
tablets. This study therefore recommends further
research on the effectiveness of IFA with a more loca-
lized approach linked to maternity hospitals with close
follow-up within the counties. This will provide a stron-
ger evidence basis on which appropriate policy adjust-
ments can be implemented.

We note that it is mainly through ANC visits to
the health facilities that the ANC services are admi-
nistered to the women. In addition to the commu-
nity outreach proposed in this study, we also
advocate for further training and appraisal of less
skilled health workers such as nursing aids and
clinical officers, and refresher training for doctors
and nurses. The focus of this training ought to be
tailored towards early detection of pregnancy com-
plications and provision of the most effective care to
the highest possible numbers, by, for instance, one
TT injection instead of two for each expectant
mother. Modification of the WHO guidelines can
also be done using the best practice approaches to
ensure the maximum possible service provision dur-
ing the fewest visits possible for an expectant
mother. For instance, multiple interventions could
be combined. Further research on the impact of
continued care from antenatal to delivery to the
postnatal period by skilled providers could provide
a holistic and effective approach towards reducing
neonatal deaths and subsequently under-five deaths
in the post-Millennium Development Goals
(MDG) era.

Methodological considerations

Due to the introduction of county governments in
Kenya, the 2014 DHS data collection and sample size
was increased to almost three times more than the
previous DHS samples. This provided our study with
a comparatively higher statistical power than previous
DHS-based studies in Kenya, thus increasing the
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validity of the results in this study. A key limitation of
our study data is that recall bias might not have been
completely eliminated. This is especially true for the
mothers who gave birth to their last born earlier in the
five-year period prior to the survey. Mortalities may
have been underestimated due to under-reported
deaths.

This study does not confirm the causal association
between lack of or inadequate ANC services and
neonatal mortality. This is because we could not
ascertain the actual cause(s) of deaths among the
neonates.

Although this study briefly mentioned the WHO’s
recommendations regarding the quality and timing of
ANC visits, our data provided only the reported
quantity as narrated by the respondents. It is possible
that some complex measures of the ANC package
such as the BP check or urine or blood analysis
results can be misunderstood and misreported by
many, especially uneducated mothers. Further,
reporting of the IFA tablets intake is likely to be less
accurate, so we suggest a follow-up study that can
monitor the actual intake or non-intake of the tablets
and compare this with the neonatal outcomes.

Conclusion

Lack of check-ups for complications during pregnancy,
insufficient ANC visits, lack of skilled ANC provision
and lack of tetanus injection were associated with the
risk of neonatal mortality in Kenya. New strategies
such as community ANC outreach programmes could
supplement the regular ANC visits. Further, training of
health workers with a focus on early detection of preg-
nancy complications and administration of at least one
TT injection to all expectant mothers can have quick
and significant positive implications towards neonatal
survival in resource-limited Kenya.
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Abstract

Background: Although low birthweight (LBW) babies represent only 15.5% of global births, it is the leading
underlying cause of deaths among newborns in countries where neonatal mortality rates are high. In Uganda, like
many other sub-Saharan African countries, the progress of reducing neonatal mortality has been slow and the
contribution of low birthweight to neonatal deaths over time is unclear. The aim of this study is to investigate the
association between low birthweight and neonatal mortality and to determine the trends of neonatal deaths
attributable to low birthweight in Uganda between 1995 and 2011.

Methods: Cross-sectional survey datasets from Uganda Demographic and Health Surveys between 1995 and 2011
were analyzed using binary logistic regression with 95% confidence interval (Cl) and Kaplan-Meier survival analysis
to examine associations and trends of neonatal mortalities with respect to LBW. A total of 5973 singleton last-born
live births with measured birthweights were included in the study.

Results: The odds of mortality among low birthweight neonates relative to normal birthweight babies were; in
1995, 6.2 (95% Cl 2.3 —17.0), in 2000-2001, 5.3 (95% CI 1.7 —16.1), in 2006, 4.3 (95% CI 1.3 — 14.2) and in 2011, 3.8
(95% Cl 1.3 = 11.2). The proportion of neonatal deaths attributable to LBW in the entire population declined by
more than half, from 33.6% in 1995 to 15.3% in 2011. Neonatal mortality among LBW newborns also declined from
83.8% to 73.7% during the same period.

Conclusion: Low birthweight contributes to a substantial proportion of neonatal deaths in Uganda. Although
significant progress has been made to reduce newborn deaths, about three-quarters of all LBW neonates died in
the neonatal period by 2011. This implies that the health system has been inadequate in its efforts to save LBW
babies. A holistic strategy of community level interventions such as improved nutrition for pregnant mothers,
prevention of teenage pregnancies, use of mosquito nets during pregnancy, antenatal care for all, adequate skilled
care during birth to prevent birth asphyxia among LBW babies, and enhanced quality of postnatal care among
others could effectively reduce the mortality numbers.
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Background

About 20 million low birthweight (LBW) babies are born
every year, representing 15.5% of all births globally [1]. Over
95% of all LBW cases occur in low-income countries [1].
Of recent, Lawn et al. and the World Health Organization
(WHO) estimated that LBW contributes to 60-80% of
all neonatal deaths (death within 28 days after birth)
worldwide [2, 3]. However, wider disparities in esti-
mates exist between countries. India, a low-to-middle
income country, contributes about 40% of global bur-
den of LBW babies [4], and in 2013, 48% of all neonatal
deaths in India were attributed to LBW and preterm
birth [5]. In comparison to Sweden, a high-income
country where neonatal mortality is very low (1.5 per
1000 live births in 2014) [6], LBW babies constituted
only 3.2% of national live birth in 2014, and barely 4.3%
of all neonatal deaths in 2014 were LBW cases [6].
WHO defines LBW as birthweight of less than 2500 g
[1]. LBW is mainly a result of preterm births and re-
stricted fetal growth (resulting in small for gestational
age (SGA) babies) or both [1]. The main risk factors
leading to LBW include young mothers/short stature of
the mother [7], multiple births [8], poor nutrition before
conception and during pregnancy (poverty) [9], smoking
[10], maternal HIV positivity, and malaria during preg-
nancy [11, 12].

In sub-Saharan Africa (SSA), the general rate of de-
cline in neonatal mortality (NM) has been slow com-
pared to infant or under-five mortality [13] and more
than half of all births do not take place in health facil-
ities [14]. An individual participant level meta-analysis
study in four district projects within East Africa (EA) in
2012 estimated that 52% of all neonatal deaths in Kenya,
Uganda, and Tanzania were attributable to preterm birth
or small for gestational age, of which 99% were LBW
babies [15]. Several neonatal and infant mortality stud-
ies in SSA fall short of determining the contribution of
LBW to neonatal deaths. Whereas LBW is the under-
lying cause of majority of neonatal deaths, most studies
have focused on other leading direct causes of neonatal
deaths such as birth asphyxia, infections, and preterm
birth [16-18]. Another 5-year health facility-based study
in Ghana estimated that LBW was a sole contributor of
50% of neonatal deaths in the facility between 2008 and
2012 [19]. While LBW can be a result of preterm birth, it
is also a notable fetal risk factor for birth asphyxia and in-
fections such as sepsis [17, 18].

In Uganda, like in many SSA settings, apart from
health system limitations such as inadequate resources,
paucity of data in hospital registries makes it difficult to
determine the prevalence of LBW and associated mor-
tality trends [20, 21]. The 2008 situation analysis report
indicated that neonatal deaths were not registered in
Uganda; no countrywide perinatal audit exists [20]. The
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2006 retrospective demographic survey in Uganda esti-
mated that 60% of newborn deaths occurred at home [22].
The Uganda roadmap for reducing neonatal mortality
2007-2015 fell short of incorporating LBW among the
causes of neonatal deaths [21], possibly due to challenges
in determining LBW-attributable deaths. No studies that
determined the national trends of LBW-attributable neo-
natal mortality in Uganda were identified by our literature
search, despite being a key indicator of population and re-
productive health in a country [2]. However, in order for
Uganda to achieve the global Sustainable Development
Goal (SDG) target 3.2 that aims to drastically reduce neo-
natal mortality by 2030 [23], the contribution of LBW to-
wards neonatal mortality can no longer remain unclear.
Although LBW is estimated to contribute about 80% of
neonatal deaths in SSA [3], efforts to reduce neonatal
mortality from the inception of the Millennium Devel-
opment Goals (MDGs) in 1990 to its end in 2015 in
Uganda have never been evaluated in terms of reduc-
tion of LBW-attributable deaths. Further, there are no
national representative studies that have examined the
contribution of LBW toward the overall neonatal mor-
tality in Uganda. This present study thus aims to deter-
mine both the association between LBW and neonatal
mortality in Uganda and to estimate the national trends
of LBW-attributable neonatal mortality between 1995
and 2011. This period covered the entire MDG period
except for the last 4 years to 2015.

Methods

Study setting and maternal health situation

With an annual population growth rate of about 3.2 and
an overall fertility rate of 5.6, Uganda’s population rose
from about 17 million in the 1990s to about 34 million
in 2011 [24]. The sex ratio is 1:1 and the adolescence
fertility rate was about 131 per 1000 births in 2010
[25]. Over 77% of the population live in rural areas. The
national poverty levels notably reduced from 38.8% in
2002-2003 to about 20% in 2012-2013 [26]. However,
poverty levels differ significantly by region and sub-regions.
For instance, while incidence of poverty in the northern
region in 2013 was 44%, it was only 5.1% in the central
region [26]. In March 2001, Uganda abolished user fees
in first level government health facilities and this in-
cluded maternal health services [27]. The proportion of
four or more antenatal care visits was still less than
50% by 2011 [28]. Incrementally, by 2011 about 57% of total
births took place in health facilities and the proportion of
births that received post-natal care increased from less than
10% in 1995 to 26% in 2006 and to 32% in 2011 [28, 29].

Study design and data source
We obtained secondary data from repeated cross-sectional
surveys by the Demographic and Health Survey (DHS)
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program. The datasets are independent and nationally rep-
resentative. We used four datasets from the Uganda DHS
birth recodes for the years 1995, 2000-2001, 2006, and
2011. A total of 5973 singleton last-born live births with
birthweight measures were included in the study. This con-
sisted of 1160 children in 1995 representing 25% of all the
last-born live births in the data sample for that year and
1100 children for the year 2000—2001 representing 30% of
all the last-born live births in the sample for that year. Simi-
larly, 1514 (35%) children were included for the year 2006
and 2199 (50%) for the year 2011. We targeted and utilized
the birth recode information for the last-born live births
born within the 5-year period prior to each of the surveys.
The Demographic and Health Survey (DHS) program em-
ploys standardized questionnaires and protocols that ensure
that the participants remain anonymous [30, 31]. The DHS
data collection procedure involves stratified two-stage clus-
ter sampling and collection of data countrywide using up-
dated lists of enumeration areas for each of the surveys to
avoid overlap and improve national representativeness of
the data [32]. Further information on data sampling and
collection criteria are detailed in the DHS field manuals
and methodology toolkits [30-32].

Variables
Outcome variable

Neonatal mortality This referred to death of newborn
within 28 days after birth. It was dichotomized into yes
(died) or no (alive).

Predictor variable

Low birthweight The variable low birthweight (LBW)
was the predictor variable. Birthweight records were ob-
tained from the child’s health card or from the mother’s
verbal report of measured weight at birth. Birthweight
was dichotomized into LBW (<2500 g) or normal birth-
weight (NBW) > 2500 g. Macrosomia (>4000 g) [33]
was eliminated in the univariate and logistic regression
analyses involving birthweights. The higher neonatal
mortality risks of macrosomia relative to NBW [34]
would reduce the accuracy of our findings if they are in-
cluded among NBW numbers. At the hospital, newborns
are weighed and their birthweights recorded on the
child’s health card and is communicated. In contrast, for
births outside the health facility such as home births,
birthweight is likely to be estimated by observing the
birth size of body parts, the accuracy of which is ques-
tionable. To improve the accuracy of reported birth-
weight, whether recall or from the health card, only
hospital births were included in the study for the years
2000-2001, 2006, and 2011. For the 1995 dataset, how-
ever, we also included the very few home birth cases in
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our sample in order to improve the statistical power of
our analyses. Records of the size of the babies registered
as small or average among others were excluded from
the study to minimize errors of misclassification due to
the unreliable subjective nature of the categorization cri-
teria [35]. From the study’s selected samples, 72% of the
1160 selected sample in 1995 had birthweight from
mothers’ recall and the rest were from health cards.
Similarly, in 2000, 79% of the 1100 selected sample were
from recall. In 2006, 73.5% of the total 1514 were recall
birthweights and in 2011, 67% of the total 2199 were re-
call birthweights.

Preterm birth, LBW and birth asphyxia are highly cor-
related and it is difficult to determine their independent
contributions towards neonatal deaths. These three, to-
gether with infections, contribute to 80% of neonatal
mortality as the highest cause of neonatal mortality, with
LBW being the underlying factor [36].

Maternal and socio-demographic variables
In this study, independent variables that are known to
be direct and indirect risk factors for neonatal mortality
and LBW such as ‘young’ maternal age (7) and poor nu-
trition (resulting from poverty and low or no education
(9) were investigated. Wealth status was determined as a
composite cumulative living standard measured in terms
of household asset inventory. These were investigated in
the univariate analysis to determine their distribution and
possible associations with birthweight and neonatal sur-
vival categories. Smoking was not examined due to lack
of data. Figure 1 below shows a conceptual visualization
of LBW as an overriding cause of the majority of neo-
natal deaths.

Below (Table 1) is a summary of outcome and predictor
variables and the covariates that influence the occurrence
of low birthweight and the survival of neonates.

Data analysis

We used analytical software IBM SPSS version 24 and MS
excel for analyses. Pearson’s chi square test of independ-
ence and association was used to examine the distribution
of variables according to birthweight and neonatal mortal-
ity for each survey. Survival plots of the birthweight cat-
egories were generated using Kaplan-Meier’s estimator.
Binomial logistic regression analysis was used to determine
the odds ratios for the association between LBW and neo-
natal mortality after adjusting for socio-demographic and
maternal factors, cesarean births and check-ups for
pregnancy complications. The analysis was conducted
at 5% significant level. In order to improve the validity
of the results, the national representativeness of the
data and to adjust for non-response, the complexity of
DHS sampling design was taken into account, and data
sampling weights were applied to datasets for the years
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Fig. 1 Conceptual visualization of potential risk factors leading to LBW and neonatal mortality. LBW — Low birthweight, SGA — Small for
gestation age

Table 1 Summary of variables

Variables Categories Descriptions
QOutcome variable
Neonatal mortality Yes (Dead) Died within age <1 month
No (Alive) Alive at age 2 1 month
Predictor variable
Low birthweight Yes < 2500 g
No > 2500 g <4000 g
Maternal and socio-economic variables
Maternal age < 20 years
20-34 years
35-49 years
Wealth status Poor
Middle/rich
Maternal education No education No formal education
Primary <9 years of education
Secondary/higher 29 years of education
Parity Primiparous First ever birth
Para 2-3 2-3 children
Para 4+ 4 or more children
Marital status Single Never married, widowed, separated/divorce
at delivery time, not living with the spouse
Married Married or cohabiting
Place of residence Rural
Urban
Cesarean birth No
Yes
Check-up for pregnancy complications No

Yes
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2000-2001, 2006, and 2011. However, the 1995 dataset
was not subjected to weighting due to the need to
maintain the statistical power of the data for that year,
the implication of which is a very minimal difference. A
total of 5973 last-born live births with birthweights
were included in the analyses.

Estimation of LBW-attributable mortality risk fraction
among LBW neonates and in the population

The LBW-attributable neonatal mortality risk fraction
(AF) and population-attributable mortality risk fraction
(PAF) were computed as proportion of prevalent deaths
that could be avoided if LBW was prevented or the
death of LBW babies was eliminated. These were calcu-
lated manually using egs. (1) and (2) below.

OR-1
AF = <W> %100, (1)

The population attributable mortality risk fraction
PAF, expressed as a percentage (%) was computed using
the eq. (2).

R OR-1
PAF = P."AF = D, * (ﬁ) #100, 2)

OR is the odds ratio generated from binary logistic re-
gression analysis and Pe is the proportion of deaths that
have the exposure.

Results

Table 2 shows birthweight and maternal and socio-
demographic characteristics of last-born live births by
neonatal survival status in Uganda. Overall, the average
proportion of neonatal deaths among LBW babies be-
tween 1995 and 2011 was about 3.5% while the average
proportion of neonatal deaths among normal weight ba-
bies (2500 g <4000 g) during the same period was less
than 1 %. Cesarean birth was associated with neonatal
mortality only in the year 2000-2001 (p < 0.05).

Table 3 shows the distribution of the study variables
by birthweight. Statistical significantly higher propor-
tions (p< 0.05) of mothers with no formal education
had LBW babies in almost all the years except 2011.
Similarly, maternal age < 20 years of age was associated
with having higher proportions of LBW babies as shown
in the 1995 and 2006 findings (p < 0.01).

In all surveys, LBW was significantly associated with
neonatal mortality as shown in Table 4 below. The ad-
justed odds ratio (AOR) for the years in question were
as follows: in 1995, 6.2 (95% CI (2.3 - 17.0), in 2000-2001,
5.3 (95% CI 1.7 - 16.1), in 2006, 4.3 (1.3 - 14.2), and in
2011, 3.8 (95% CI 1.3 — 11.2). The 1995 and 2000-2001
data were not adjusted for wealth status due to large
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amounts of missing data. Birth complications were also
not adjusted for in 1995 due to absence of data.

Figure 2 below shows the relationship between birth-
weight and time-to-death among neonatal mortality
cases, combining all the study years. In conjunction with
the survival table (not included in the paper), we ob-
served that over 85% of all neonatal deaths in our study
sample occurred in the first week of life. About 95% of
all the LBW (<2500 g) neonatal deaths occurred within
the first week of life. In comparison, about 82% of deaths
among neonates with NBW (2500 g < 4000 g) took place
within in the first weeks. The rest died later, in the sec-
ond, third, and fourth weeks. The figure also shows an
inverse proportionality relationship between weight and
survival. With the exception of an outlier, the neonates
with higher birthweights tended to survive longer, i.e.
beyond the first week.

The LBW-attributable neonatal mortality in Uganda
declined by more than half, from 33.6% (%) in 1995
to 15.3% in 2011 as shown in Table 5 below. Similarly,
LBW-attributable neonatal mortality among LBW babies
also declined by 10.2% from 83.9% to 73.7% in the same
period.

Figure 3 shows a non-uniform but continuous decline
of LBW-attributable neonatal mortality in Uganda be-
tween 1995 and 2011.

Discussion

Overall, the odds of neonatal mortality among LBW
babies as compared to normal birthweight were re-
duced by a third, from about 6 times higher in 1995
to 3.8 times higher in 2011. The LBW-attributable
neonatal mortality in the population declined by more
than half, from 33.6% in 1995 to 15% in 2011. This
present study is the first of its kind in Uganda and
perhaps the whole of east Africa that examines the
trends of LBW-attributable mortality over the years.
The study reinforces the very few LBW-related studies in
Uganda and east Africa by providing new peer-reviewed
findings on the contribution of LBW towards neonatal
mortality countrywide over a period of over 15 years. The
study findings might be useful for auditing the causes of
neonatal deaths, and for evaluation, future health planning
and policy making aimed at improving neonatal survival.
The WHO emphasizes that auditing the causes of neo-
natal deaths is paramount for effective monitoring and
improving mother and child health care [37].

The 3.8 times higher odds of deaths among LBW neo-
nates in 2011 in the present study is consistent with the
findings of a related study conducted by Kananura et al.
in eastern Uganda in 2012-2013 that indicated a 3.51
mortality odds ratio [36]. Comparable findings were also
obtained in a follow-up study in western Uganda, com-
pleted in 2006 but analyzed by Marchant et al. in 2012
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Table 2 Distribution of birthweight, maternal and sociodemographic characteristics by neonatal survival status in Uganda, 1995-2011

Variables 1995 2000-2001 2006 2011
Survival, N = 1160 Survival, N =1100 Survival, N =1514 Survival, N =(2199)
Died Lived P value Died Lived P value Died Lived P value Died Lived P value
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Birthweight
< 25009 4(33) 118 (96.7) <001 5(46) 104(954) <001 5(28 175(972) <005 7(9) 234(97.1) <005
22500 g 6 (0.6) 1032 (99.4) 10 (1.0) 981 (99.0) 11(08) 1323 (99.2) 22 (1.1) 1936 (98.9)
Maternal age
<20 1(06) 155(994) >005 1(09) 111(99.1) >005 2(14) 138(986) >005 2(1.3) 154(987) >005
20-34 6(07)  855(99.3) 12 (14) 825 (986) 11(1.0) 1105 (99.0) 15 (1.0) 1496 (99.0)
35-49 320 140 (97.9) 3(20) 148(98.0) 2(08) 254 (99.2) 7(16) 427 (984)
Wealth index n=392° n=424°
Poor 1(0.7) 137.(993)  >0.05 1(0.5) 187 (995) >005 4(09) 442(99.1) >005 7(1.1) 652(989) > 005
Middle / Rich 4(16) 250 (984) 3(1.3)  233(987) 11(1.0) 1056 (99.0) 17 (1.1) 1426 (98.9)
Maternal education
No education 215 132(985 >005 2(16) 124(984) >005 3(16) 179(984) >005 2(1.2) 171(988) >005
Primary 6(09  653(99.1) 8(1.6) 605 (984) 7(08) 857(99.2) 12 (1.0) 1149 (99.0)
Secondary higher 2 (0.5 365 (99.5) 5(14) 356 (98.6) 5(1.1) 462 (989) 11(1.4) 757 (986)
Parity
Primiparous 3(1.0)  296(99.0) >005 4(14) 278(986) >005 6(1.7) 356(983) <005 3(07) 424(993) >005
Para 2-3 3(06)  532(994) 5(1.0) 483(99.0) 7(1.1)  622(989) 11(1.2) 945 (9838)
Para 4+ 4(1.2) 322 (98.8) 6(1.8) 323(982) 2(04) 520 (99.6) 10 (1.4) 709 (98.6)
Marital status
Single 1(0.5) 199 (995) >005 2(1.0) 198 (99.0) >005 2(07) 277(993) >005 3(08) 354(99.2) >005
Married 9 (0.9) 951 (99.1) 14 (1.6) 887 (984) 13 (1.1) 1221 (98.9) 22 (13) 1722 (98.7)
Residence
Rural 5(1.0  517(990) >005 11(1.5 737(985 >005 10(09) 1051(99.1) >005 17(1.1) 1493 (989) >0.05
Urban 508  633(99.2) 4(1.1)  348(989) 5(1.1) 447 (989) 7(1.2)  584(9898)
Delivery mode
Cesarean 1(1.4) 71 (986) >005 4(44) 87(956) <005 1(08) 122(982) >005 5(.1) 230(979) >005
Normal 9(0.8) 1079 (99.2) 12(12) 995 (988) 14 (1.0) 1372 (99.0) 24 (1.2) 1940 (988)
Check-up®
No No data 11(15) 742(985 >005 6(07) 866(993) >005 13(1.5 843(985) >005
Yes 4(12)  332(982) 9(14) 613 (986) 14 (1.1) 1261 (98.9)

P values were generated from Chi square analysis. Statistical significance (p < 0.05, two-sided)

“complications

*The separate totals(n) for wealth index in 1995 and 2000 shows a deviation from the total (N) due to missing data

[15]. This study estimated the odds of neonatal mortality
among LBW newborns relative to NBW newborns at
3.45 [15]. Our findings of 15.3% LBW-attributable neo-
natal mortality in 2011 in the population are comparable
to the findings of a situation analysis study conducted by
the Ministry of Health (MoH) in Uganda in 2008 [38].
The MoH study combined both quantitative and qualita-
tive methods and collected data from 10 districts cover-
ing the four conventional regions (Central, Eastern,
Western and Northern) in Uganda. In this MoH study,

the health personnel interviewed about perinatal out-
comes in the health units indicated that LBW contrib-
uted to 16% of the total newborn deaths [38]. However,
the study also acknowledged the underreporting of LBW
as a cause of death due to overlaps with infections and
breathing difficulties [38].

The results indicated a significantly higher proportion
of deaths among LBW babies and this corroborates with
findings of other studies [2, 3] that show higher mortalities
among LBW newborns relative to their NBW counterparts.
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Table 3 Univariate analysis of maternal and sociodemographic characteristics of neonates by birthweight in Uganda, 1995-2011

Variables 1995, N=1160 2000-2001, N=1100

2006, N=1514 2011, N=2199

LBW (%) NBW (%) Pvalue LBW NBW

Pvalue LBW NBW Pvalue LBW NBW P value

Maternal age

<20 26(16.7) 130(833) <001 15(134) 97(86.6)

20-34 81(94) 780(90.6) 77092)  761(90.8)

35-49 15(10.5) 128(89.5) 17(11.2)  135(88.8)
Wealth n=392 n=424°

Poor 15(10.9) 123(89.1) >005 19(10.1)  169(89.9)

Middle/rich 26(10.2) 228(89.8) 25(106) 211(894)

Education level
No education  24(17.9) 110(82.1) <001 21(16.7)  105(83.3)

Primary 67(10.2)  592(89.8) 60(9.8)  555(90.2)

Secondary 31(84) 336(91.6) 28(78)  332(922)
Parity

Primiparous 45(15.1)  254(849) <001  27(96)  255(904)

Para 2-3 48(9.0) 487(91.0) 51(10.5)  437(89.5)

Para 4+ 29(89) 297(91.1) 31(94)  300(90.6)
Place of residence

Rural 67(12.8)  455(87.2) <005  76(10.1) 674(89.9)

Urban 55(86) 583(914) 33(94) 319(90.6)
Marital status

Single 25(125)  175(87.5) >005  29(145) 171(85.5)

Married 97(10.1)  863(89.9) 80(89)  821(91.1)
Cesarean

Yes 4(5.6) 68(944) >005 11(11.8) 82(88.2)

No 118(10.8)  970(89.2) 99(9.8)  909(9.2)
Check-up

No No data 72(9.5)  683(90.5)

Yes 34(10.1)  302(89.9)

>005 27(191)  114(809) <001  20(127) 137(873) >005
112(10.0)  1004(90.0) 174(11.5)  1337(88.5)
41(160)  216(84.0) 39(9.0) 395(91.0)

>005 61(137) 385(863) >005 72(109) 587(89.1)  >0.05
118(11.1)  949(88.9) 161(11.2)  1282(88.8)

<001  29(159) 153(84.1) <005 27(156) 146(844) >005
101(11.7)  763(88.3) 121(104)  1040(89.6)

49(10.5)  418(89.5) 85(11.1)  684(88.9)

>005 50(13.8) 312(86.2) >005 58(136) 368(864) >005

69(11.0)  560(89.0) 98(10.3)  858(89.7)
60(11.5)  462(88)5) 77(10.7)  643(89.3)

>005 134(126) 928(874) >005 167(11.1) 1343(839) >005
46(10.2)  406(89.8) 66(11.1) 526 (88.9)

<005 390139 241(86.1) >005 36(10.1)  321(899) >005
141(11.4)  1093(88.6) 197(113)  1547(88.7)

>005  24(19.7)  98(80.3) <001  29(123)  206(87.7)  >005
154(11.1)  1232(88.9) 212(108)  1752(89.2)

>005 105(120) 767(880) >005 87(102) 769(89.8) >005
73(11.8)  1315(88.1) 143(11.2)  1132(888)

LBW refers to low birthweight (< 2500 g), NBW refers to normal birthweight (>2500 g - 4000 g). P values were obtained from chi square test
°The separate totals (n) for wealth index in 1995 and 2000 shows a deviation from the total (N) due to missing data

Although cesarean births have been associated with mortal-
ity as also shown by the findings (p <0.05) for the year
2000-2001 in Table 2, in 2006 and 2011 however, the find-
ings (p > 0.05) indicated improvements in obstetric services
that has enabled the survival of many cesarean birth babies.

Figure 2 showed that about 85% of neonatal deaths oc-
curred in the first week after birth. This is close to the
estimate of a recent MoH report on maternal, perinatal
and child death review that indicated about 75% neonatal
deaths in the first week [39]. The inverse proportional

Table 4 Logistic regression analysis showing association between low birthweight and neonatal mortality in Uganda, 1995 — 2011

Adjusted odds ratios (95% confidence interval)

Variable 1995 2000-2001 2006 2011
N=1160 N=1100 N=1519 N=2223
Birthweight
Low birthweight 62(23-170P 53 (1.7 - 16.1)° 43(13-1427 38(13-11.27°
Normal birthweight 1.0 1.0 1.0 10

LBW refers to low birthweight < 2500 g, NBW refers to normal birthweight (>2500 g - 4000 g)
°Adjusted for all socio-demographic, maternal, pregnancy and birth related factors in Table 1
b Adjusted for all socio-demographic (except wealth status), maternal, pregnancy and birth related factors in the study (Table 1). Complications were not adjusted

for in 1995
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Fig. 2 Kaplan-Meier survival curves by birthweight for neonates in
Uganda between 1995 and 2011. Cum - cumulative

relationship indicated by the trends of birthweight versus
time-to-death among neonatal deaths in Fig. 2 concurs
with findings from a hospital-based study in Dhaka,
Bangladesh [40]. The findings in Fig. 2 also implied that
the risk of neonatal death is inversely proportional to
birthweight and are in agreement with several other studies
[40-43]. However, our data on age at death (days) appeared
to have been aggregated in terms of 7 days (weekly) and
not the actual mortality days. This slightly compromised
the accuracy of the Kaplan Meier’s survival curve in our
study in terms of days of survival.

According to a facility-based study by Hedstrom et al.
in central Uganda that admitted neonates born between
December 2005 and September 2008, 89% of neonatal
deaths among LBW neonates weighing under 1000 g
could be attributable to LBW [43]. Another study by
Marchant et al. [15] that utilized data collected in 2006 in
western Uganda also estimated a 71% LBW-attributable
neonatal mortality among LBW neonates. Both of these

Table 5 Low birthweight-attributable neonatal mortality risk
proportions in Uganda between 1995 and 2011

Attributable risk
fraction (%)

Year of survey

Among LBW neonates (AF) 1995 839
2000-2001 81.1
2006 76.7
2011 737
In the entire population (PAF) 1995 336
2000-2001 270
2006 24.0
2011 153

LBW low birthweight, AF Attributable Fraction, PAF Population
Attributable Fraction

N \

Neonatal mortality (%)

1995 2000-2001 2006 2011

—*—Amongexposed (%)  =—*=In the population (%)

Fig. 3 Graphical representation of low birthweight-attributable
neonatal mortality trends in Uganda between 1995 and 2011

findings are comparable with the LBW-attributable mor-
tality estimates among LBW babies in the whole country
in this present study.

Neonatal mortality accounts for about 40% of global
under-five mortality [44]. In Uganda, in recent years, it
was estimated that about 45,000 neonates die every year
[20]. By extension of our findings, this corresponds to
approximately 7000 (15.3%) neonatal deaths attributable
to LBW in 2011. Although our findings could be a slight
underestimation given the many unrecorded births (about
45% in 2011) [43] and unregistered neonatal deaths, they
provide comparable national estimates that can be used
for advocacy and countrywide public health planning to
reduce LBW-attributable neonatal deaths. For instance,
the successful Kangaroo Mother Care project for prema-
ture and LBW newborns initiated by Uganda Newborn
Study project (UNEST) in 2007-2011 in Iganga and
Mayuge district [45] could be implemented countrywide.

The greatest national decline of LBW-attributable mor-
tality estimated in 2011 in our study is a notable finding
that could be attributed to the efforts of the inter-agency
national Newborn Steering Committee (NSC) [46]. The
NSC, which was initiated in 2006, ensured rapid policy
adaptation and implementations both at the health facility
and community levels in the few years to 2011 [46]. It was
mandated by the MoH to spearhead comprehensive ser-
vice delivery and community-and health facility-based
training [46, 47]. Our findings thus reveal that the policy
changes and its implementation may have had a profound
positive impact on the survival of LBW newborns during
this period. The findings indicate that it is possible to
eliminate unnecessary neonatal deaths due to LBW and
make significant contributions towards achieving the SDG
3.2 target that aims to lower neonatal death rate to 12 per
1000 live births by 2030 [23]. Further, both the present
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study findings and the NSC initiative could be of keen
interest to similar countries (with high neonatal mortalities)
for policy making and study replications with the aim of
improving LBW neonatal survival, for instance, in the
Philippines, where the decline of neonatal deaths has
stagnated [48].

Also, the Uganda Newborn Study (UNEST) Project
partly contributed to the decline in mortality of LBW
and preterm newborns in parts of eastern Uganda and
consequently contributed to the overall national decline
during this period [45].

The survival analysis indicated that the rate of decline
in LBW-attributable mortality in the 5-year periods in-
creased from 6.6% between 1995 and 2000-2001 to 8.7%
between 2006 and 2011 in the population (Table 5).
However, between the two periods, there was a signifi-
cant deceleration in the decline to 3.0% between 2000
and 2001 and 2006 (Fig. 3 and Table 5). This could po-
tentially be due to the 20% decline in the use of family
planning methods among <20 years old sexually active
girls during this period as noted by the analytical over-
view of the Ugandan child report [49]. This could have
led to increased teenage pregnancies. LBW are common
among teenage mothers (< 20 years) [7] and the mortal-
ity among babies born to younger mothers in Uganda
was also notably high between 1995 and 2005 [22].
Nevertheless, our findings in Table 2 did not show any sig-
nificant higher mortality numbers among the <20 years
old mothers, perhaps because of the few number of births
in this age-group in our sample selection. However, statis-
tically reasonable numbers in 2006 showed a significant
association between primipara mothers (most of whom
were younger mothers (Table 3)) and neonatal mortality.
A study conducted by Andualem et al. in western Uganda
between 2005 and 2008 revealed that over 82% of female
students had unmet sexual/reproductive health counseling
needs [50]. Lack of knowledge about the signs of pregnancy
complications has been linked to birth unpreparedness in
Uganda [51], a consequent risk factor for neonatal deaths,
including LBW deaths. A comparative development study
by Kevin Croke [52] also highlighted the decline in the
health system gains in Uganda between 2001 and 2006
due to political shocks related to removal of presiden-
tial term limits. Financing of the health care system was
negatively affected. This could partly account for the
rise in LBW-neonatal deaths during this period. The
specialized care of LBW babies requires extra financing
compared to NBW. The direct impact of the decline in
health system gains on survival of LBW detected by the
present study is consistent with WHO/UNICEF obser-
vations that survival of LBW neonates, a high-risk in-
fant group, is among the most sensitive indicators to
assess the progress of maternal and child health status
in a country [2].
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There was no statistically significant association be-
tween place of residence, maternal education, marital
status, wealth status, maternal age, and neonatal mortality,
(P> 0.05) (Table 2). Although studies vary in their
findings concerning the association between these
socio-demographic and maternal factors (including parity)
and neonatal mortality [53], many study findings have in-
dicated an association between single motherhood [54],
teenage maternal age [55-57], lack of education [56], rural
residence [57] and neonatal mortality. A systematic review
of 17 studies up to the year 2013 in SSA [55] indicated
that socio-demographic and maternal risk factors are
much more prevalent among teenage mothers as com-
pared to adult mothers [55]. With the decentralized sys-
tem in Uganda, further analytical research at the districts
or regional levels on the effect of socio-demographic fac-
tors on birthweight and neonatal deaths would provide
more robust findings for monitoring, policy making and
interventions. However, at the national level, comprehen-
sive measurement and recording of birthweight need to
be made possible, irrespective of whether a child is born
at home or at the hospital. As a national policy driven ini-
tiative, the provision of weighing scales to health volun-
teers and midwives at the community level, even on a
shared basis based on proximity and locality, is feasible
and could be very effective for monitoring neonatal health
countrywide. Apart from improving accuracy on birth-
weight data collection, the availability of weighing scales
could also be a profound campaign tool for lowering LBW
incidences by highlighting preventive measures. Afford-
able and easy to maintain mechanical weighing scales have
previously been used at the community level in over 400
villages in western Kenya [58]. Although it was on a small
scale, the initiative was profoundly successful, as shown by
an increase in the birthweight measurements of newborns
of about 54%, from 43% to 97% [58]. The current study
could thus give the impetus to communities and local or-
ganizations to take initiatives and improve the survival of
LBW neonates. Further, as LBW is an underlying cause of
60-80% of all neonatal deaths globally (2,3) and about
15% of neonatal deaths in Uganda (present study 2011
findings), continuous data collection on birthweights that
supports research, monitoring, and strategic preventive in-
terventions could be a formidable approach to curbing
neonatal deaths and overall health systems strengthening
both globally and in Uganda.

Although our study largely indicated no significant as-
sociations between cesarean birth, pregnancy complica-
tions and neonatal mortality for most of the years, a
number of studies have found associations between
cesarean births [57, 59], pregnancy complications [59]
and neonatal deaths. There were inconsistencies in our
findings with regard to the significant associations be-
tween socio-demographic factors and LBW across all the



Arunda et al. BVIC Pregnancy and Childbirth (2018) 18:189

study years (p < or > 0.05) (Table 3). However, there were
higher proportions of LBW babies among teenage and
uneducated mothers in all the survey years. Teenage preg-
nancy was associated with LBW only in 1995 and 2006.
These findings corroborate study findings elsewhere in
rural India [60] and in several SSA countries [7, 61] that
strongly indicate that young maternal age is associated
with LBW. A study in Brazil, however, found an associ-
ation between teenage pregnancy and LBW only when
marital partners (an economic factor) were lacking [62].

Methodological considerations

The random sampling of data across the entire country
and the standardized nature of data collection method
of the DHS strengthen the external validity of our study
and enable global comparability among countries.
Weighting the data for the years 2000, 2006 and 2011en-
abled us to adjust for disproportionate sampling and
non-response. This improved the national representa-
tiveness and validity of the study estimates. The 1995
dataset was not weighted and the results for that year
are slightly less representative. However, the results are
still valid, due to the fact that there was only a small dif-
ference when weighted and unweighted results of all the
other years were compared. The national representative-
ness of the 1995 data was only dependent on the random
sampling across the entire country and the standardized
nature of DHS data collection for its reliability.

The repeated findings of significant associations be-
tween LBW and neonatal mortality across all surveys
confirm the existing evidence of association and the in-
ternal validity of this present study. Nonetheless, our
study could not confirm the causal association because
the exact causes of newborn deaths were not ascertained
medically. The in-depth use of the nationally representa-
tive DHS datasets in this study has revealed the need to
improve data collection techniques and to include other
similarly important variables such as diagnostic causes
of death among individual children, for example, birth
asphyxia.

Another limitation of our study was that although hos-
pital births recorded and/or communicated birthweights,
over 65% were from mothers® recall and the rest from
the health card, and we cannot therefore completely dis-
miss the possibility of recall bias. This also applies to the
1995 data that included both hospital and home births.
Nevertheless, child birth is a significant event in a
mother’s life and with our study selection of the most re-
cent birth experience, there is a very high possibility that
the mothers recalled correct birthweights. Moreover, for
the years 2000 to 2011, birthweight data concerned solely
information regarding hospital born babies because these
were measured birthweights and not estimated weights as
in-home births, where birthweights are mainly estimated
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based on the physical size of the body parts such as foot
length, chest or head [63]. A study in Uganda compared
the accuracy of a proxy measure of LBW by midwives in a
hospital-based setting showed an accuracy of over 80%.
However, the study also noted the limitation that the find-
ings may not reflect the actual situation in the communi-
ties where less skilled community volunteers assist in
most births, and their estimates of cut-offs are prone to
bias [63]. Elimination of macrosomic newborns improved
the validity of our findings.

Although the 1995 data included both home and hos-
pital births, which undermined the consistency of the
study methodology across years, preliminary analysis in-
dicated that among the selected sample of newborns
with birthweight measures in 1995, only 3.5% of the
births were home births (or perhaps on the way to the
hospital). The 1995 data thus has a reasonable degree of
consistency with other survey years. However, the se-
lection of only hospital births in other survey years
improved the quality and validity of the findings for
those years.

The recording of neonatal survival data from day 0 to
30 by the DHS allowed us to clearly categorize our out-
come variable and investigate risk factors across all the
survey years with consistency. Given the large number
of home births (about 50%) in all the surveys, both the
LBW and neonatal deaths were likely underreported.

The birthweight data are prone to rounding-off or ag-
gregation into 500 g-weight intervals which could have
slightly compromised the accuracy of Kaplan-Meier’s
survival analysis in this study. This aggregation of data
was observed in a study by Channon et al. [64]. How-
ever, the fact that over 90% of LBW neonatal deaths in
our study occurred in the first week is quite consistent
with global WHO findings that 75% of neonatal deaths
occur in the first week [65], given the high-risk group of
LBW in a low-income country.

Conclusion

Low birthweight is associated with neonatal mortality
and contributes to a substantial proportion of neonatal
deaths in Uganda. Although significant progress has
been made to reduce newborn deaths attributed to
LBW, by 2011, about 74% of all LBW neonates died in
the neonatal period. This implies that the health system
in place has been inadequate to meet the challenge of
ensuring LBW survival. There is also profound need to
strengthen both birth and neonatal death registration ir-
respective of whether the infants are born at home or at
the health centers. The decentralized health system in
Uganda can enable community health workers (CHW)
and the village health teams (VHT) in liaison with the
sub-counties and the districts to close the existing gaps
concerning neonatal birth and death audits. This will
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enable robust and continuous research and monitoring
of the progress of LBW neonatal survival. Our study
presents national estimates of risks and mortality trends
that provide national basis for continual evaluation and
policy recommendations to prevent LBW and minimize
risks of neonatal deaths. A holistic approach to reduce
the incidence of preventable LBW babies could be fos-
tered to reduce these mortality rates. Viable fronts that
could be strengthened include sexual education in
schools to prevent teenage pregnancies, complementing
nutritional diet of pregnant mothers, HIV testing, ensur-
ing that all pregnant mothers use mosquito nets, training
of health workers, and promoting antenatal care visits and
hospital births. Enhancing the quality of postnatal care
could also reduce mortality incidence of LBW newborns.
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Background: The increasing trends in cesarean delivery are globally acknowledged. However, Received 9 January 2020
in many low-resource countries, socioeconomic disparities have created a pattern of under- Accepted 24 March 2020

use and overuse among lower and higher socioeconomic groups. The impact of rising
cesarean delivery rates on neonatal survival is also unclear.

Objective: To examine cesarean delivery and its associated socioeconomic patterns and
neonatal survival outcome in Kenya and Tanzania.

Methods: We employed binary logistic regression to analyze cross-sectional demographic KEYWORDS

and health survey data on neonates born in health facilities in Kenya (2014) and Tanzania Socioeconomic factors; low-
(20‘] 6) resource countries; cesarean
Results: Cesarean delivery rates ranged from 5% among uneducated, rural Tanzanian womento ~ delivery; logistic regression;
26% among educated urban women in Kenya to 37.5% among managers in urban Tanzania, ~ "eonatal mortality

Overall findings indicated higher odds of cesarean delivery among mothers from richest house-

holds, adjusted odds ratio (aOR) 1.4 (95% Cl 1.2-1.8), those insured, aOR 1.6 (95% Cl 1.3-1.9),

highly educated, aOR 1.6 (95% Cl 1.2-2.0) and managers aOR 1.7 (95% Cl 1.3-2.2), compared to

middle class, no insurance, primary education and unemployed, respectively. Overall, compared

to normal births and while adjusting for maternal risk factors, cesarean delivery was significantly

associated with neonatal mortality in Kenya and Tanzania, overall aOR 1.7 (95% Cl 1.2-2.7).

However, statistical significance ceased when fetal risk factors and number of antenatal care

visits were further controlled for, aOR 1.6 (95% Cl 0.9-2.6).

Conclusion: Disproportionate access to cesarean delivery has widened in Kenya and

Tanzania. Higher risks of cesarean-related neonatal deaths exist. Medically indicated or not,

the safety and/or choice of cesarean delivery is best addressed on individual basis at the

health-facility level. However, policy initiatives to eliminate incentives, improve equitable

access and accountability to reduce unnecessary cesarean deliveries through well-informed

decisions are needed. Efforts to prevent unintended pregnancies among adolescents as well

as training of health workers and continuous research to improve neonatal outcomes are

vital.
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Maria Emmelin, Umed
University, Sweden

Background optimal population-level CD rate should not exceed
10-15% based on medical indication [9]. Studies by
Betran et al. and Boatin et al. recommended increased
access to CD in sub-Saharan Africa due to low CD
rates, high maternal death rates, and slowly declining
rates of newborn deaths within the first month, i.e.
neonatal mortality rates (NMR) [1,2]. However,
recent UNICEF country reports from certain sub-
Saharan (SSA) countries including Kenya and
Tanzania reveal unusual trends. The reports indicate
comparatively higher rates of CD and disappointingly
low declines in neonatal mortality rates among higher
socioeconomic (SE) groups, despite higher coverages
of both pre- and postnatal care and skilled birth
assistance among these subpopulations [10-12].
New WHO recommendations such as 8+ antenatal
visits [13] will expedite reduction of NMR to achieve
target 2 of the Sustainable Development Goal 3 [14].
However, monitoring the impact of country-specific

The increasing trends of cesarean delivery (CD) are
globally acknowledged [1-3]. However, socioeco-
nomic inequities in many low- and middle-income
countries (LMIC) appear to have created a pattern of
underuse and overuse based on income and levels of
education [2,4]. The impact of cesarean delivery
trends on neonatal survival has also not been ade-
quately examined [5-7]. A recent multi-country
study estimated a tripling of CD rates since 1990 to
19% in 2014 with wide variations among and within
regions and countries [1]. Estimated rates in Latin
America and the Caribbean varied from 5% to 58%
while rates in high-income countries (HIC) in the
Nordics ranged between 15% and 27% [1,2,8].
Whereas the World Health Organization (WHO)
emphasizes access to CD for all mothers in medical
need, the organization’s 2015 review found that an
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trends of CD rates and subsequent policy adjustments
might sustain neonatal survival gains.

Cesarean delivery (or C-section) is an obstetric
surgical procedure meant to save the life of
a mother and her baby. Breech presentation, antepar-
tum hemorrhage, fetal distress, prolonged and
obstructed labor, placenta previa and other life-
threatening medical indications require CD for safe
delivery [5-7]. However, most of the rising elective
CD rates among low-risk births in many LMIC are
due to maternal request or physicians’ preference
without plausible clinical indications [15-17]. In
HIC such as Sweden, childbirth fear has also been
associated with CD [18]. Elective CD has been asso-
ciated with sepsis and respiratory problems, which
are major causes of neonatal deaths globally [19].
While cesarean delivery has prevented many adverse
pregnancy outcomes, the quality and conditions
under which some procedures (both elective and
emergency) are executed in many low-resourced set-
tings have also resulted in many morbidities [20,21]
and preventable mortalities [5,22-28]. The trade-offs
between morbidities and benefits are generally
unclear but also costly for weak health-care systems
[29,30]. A cohort study in South America reported
a significant increased risk of neonatal death among
elective cesarean deliveries [28]. Another study in the
USA also indicated a two-fold rise in neonatal deaths
among CD-newborns without medical indication
even after adjusting for key confounders [31].
Similarly, recent enquiry into maternal deaths in
South African health facilities revealed 3 times higher
risk of maternal deaths among CD births [24].
A systematic review in LMIC also found similar
adverse neonatal outcomes after CD [24].

In many low-resourced settings, inadequate record-
keeping makes it difficult to determine whether the

adverse pregnancy outcomes occurred before birth or
intrapartum or because of the CD procedure itself
[29,32]. A study in five low-income countries (LIC) in
SSA and Southeast Asia (SEA) found that 40% of health
facility records had no CD fetal outcome information [6].
Nonetheless, although inadequate access to CD and
delays by the expectant mothers to seek or reach care
clearly have adverse impacts [33,34], incomplete records
have also concealed emergency challenges of health facil-
ities and impeded improvements in care as well as
accountability [6,35-37]. Higher neonatal deaths asso-
ciated with CD are reported in SSA than any other region
[21]. It should be noted, however, that audits of a few
upgraded and well-funded health facilities in SSA includ-
ing Tanzania have reported reduction of both unneces-
sary CD and CD-related neonatal deaths [32,38].

In Kenya and Tanzania where about 100 neonates
die daily in each country [10], CD rates among the
richest and the secondary+ educated mothers, for
Kenya 2014 and Tanzania 2016 indicate an overall
difference of more than seven folds higher rates com-
pared to the poorest and the uneducated, respectively,
in both countries [11,12]. However, neonatal death
rates among the highest SE groups in the two coun-
tries were markedly higher compared to those of
lowest SE groups. Further since 2003, NMR among
the lowest SE categories in Kenya declined by almost
half to 20 deaths per 1000 live births in 2014; in
contrast, there was almost no overall change in
NMRs among the highest SE groups [11,39]. Similar
trends can be seen in Tanzania [12,40]. A summary
of these reports can be seen in Figures 1 and 2. We
identified no population-based studies concerning
socioeconomic patterns of CD in relation to NMR
in the two countries. A recent global study by Ye
et al. investigated the associations between CD rates
and NMR accounting for human development index
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Figure 1. Neonatal mortality rates (NMR) and cesarean delivery (CD) rates among highest and lowest socioeconomic groups in

Kenya between 2003 and 2014 [11,39].
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Figure 2. Neonatal mortality rates (NMR) and cesarean delivery (CD) rates among highest and lowest socioeconomic groups in

Tanzania between 2004 and 2016 [12,40].

but the study did not adjust for within-country socio-
economic disparities [41]. This study examined the
socioeconomic factors associated with cesarean deliv-
ery in Kenya and Tanzania. A secondary aim was to
assess the impact of cesarean delivery on neonatal
survival in both countries.

Methods
Study settings

With approximately equal population sizes totaling about
100 million in 2015-2018, Kenya and Tanzania are the
most populous countries in the East Africa Community
(EAC). Fertility rates were 3.9 — 5 in 2014-2015 [42]. The
sex ratio in both countries is 1:1, with women of repro-
ductive age (15-49) comprising roughly 11-12 million in
each country [43,44]. More than two-thirds of the popu-
lations live in rural areas as farmers [11,12,45]. Maternal
health care is free in first-level health centers in both
countries, and as a result, institutional births increased
to over 60% in recent years [11,12]. In 2015 over 1.5 and
2 million babies were born in Kenya and Tanzania,
respectively [10]. In Tanzania, CD rates ranged from
1.1% in the Simiyu region to 17% in Dar es Salaam
[12]. In Kenya, CD rates ranged from 2.9% in the north-
east to 20.7% in Nairobi [11]. Inadequate financing and
equipping of the health facilities are major challenges.
A recent assessment in SSA indicated that 18% of health
facilities providing CD services did not report presence of
any surgical care provider [21].

Data source and study design

Demographic and Health Survey (DHS) data from
Kenya (2014) and Tanzania (2015-2016) with >90%
response rates were used. We utilized only institutional

birth records of the most recent live-born neonates. DHS
collects countrywide data on vital reproductive and
sociodemographic information in a cross-sectional
design. We obtained access to the datasets from DHS
secretariat following a written request. The DHS pro-
gram obtained permission from the host countries,
Kenya and Tanzania, to distribute datasets for purposes
of health research for common good. The respondents
remain completely anonymous and cannot be traced
using the data provided. More details on DHS methods
of data sampling and collection are publicly available
from https://dhsprogram.com/What-We-Do/Survey-
Types/DHS-Methodology.cfm.

Variables
Outcome and predictor variables

Cesarean delivery (CD) was the main outcome vari-
able for the various socioeconomic variables in the
study. Neonatal mortality (NM) was a secondary out-
come variable for predictor variable CD. NM was
dichotomized as ‘Tlived” and ‘died’.

Maternal and pregnancy-related variables

These constituted potential confounders or explana-
tory variables that have been hypothesized in many
previous studies to be independently associated with
either or both CD and neonatal mortality (NM).
Major direct causes of NM include sepsis, preterm
births, birth asphyxia, and pneumonia [46]. Whereas
some of these variables are not direct causes of NM
or CD, they are important proxy risk factors and
indirect or intermediate risk factors in the causal
pathway for both NM and CD. For example, low
birthweight is a known underlying risk factor for
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both preterm and birth asphyxia. Others include;
Maternal age, which was classified as ‘15-24°, 25-34’
and 35-49° years, with age-group 25-34 used as
a reference group, the younger and older age-groups
have been associated with adverse pregnancy out-
comes [47,48]. Marital status was dichotomized as
‘single’ and ‘married’ [49]. Maternal BMI was cate-
gorized as under- and overweight, normal, and obese
(non-pregnant and non-postpartum). Parity was clas-
sified as ‘primiparous’ (first-time mothers), ‘para 2-3
and ‘para 4+ [50]. Newborn sex and multiple births
were included, as male sex and multiple gestations
have been associated with higher death rates [51,52].
Number of antenatal care (ANC) visits was included;
higher ANC visits is associated with skilled care and
lower neonatal deaths [52]. ANC was categorized in
terms of detailed as well as broader groupings to
examine both current WHO recommendations (>8
visits) [13] and recommendations at the time of data
collection (>4 visits), as shown in Tables 1 and 2.
Birthweight was also included as higher birthweight
(>4 kg) and low birthweight (<2.5 kg) are risk factors
for both CD and NM, respectively [52,53]. Facilities
of delivery were included, as private compared to
government facilities are associated with CD [54].

Socioeconomic variables

Similarly, the socioeconomic variables included were
chosen due to their association with higher CD rates.
Thus, urban relative to rural place of residence has
been associated with higher CD rates [2]. Wealth,
formal occupation, having health insurance and
higher maternal educational levels have also been
associated with higher CD rates of cesarean deliveries
in many countries [2,4].

Data analysis

Analytical software Stata version 12 (College Station,
TX: Stata Press.) was used for analysis. Prior to any
analysis, we applied sampling weights and adjusted for
complex sample design as recommended by the DHS
program in order to correct for disproportionate sam-
pling and ensure the population representativeness of
the data. Pearson’s chi-square test was used to examine
the distribution of study variables. Binomial logistic
regression was employed to assess the association
between socioeconomic variables and cesarean delivery
while controlling for confounders such as maternal age,
birthweight, parity and multiple gestations. Similarly,
regression analysis was used to examine the association
between CD and neonatal mortality with adjustments
for confounding at 95% confidence interval.

Results

Overall, about 13 382 (60%) of mothers delivered in
a health facility in Kenya and Tanzania, with similar
proportion of institutional births in each country.
Table 1 presents the distribution of study variables
by mode of delivery. About 13% and 10% of births
were through C-section in Kenya and Tanzania,
respectively, with overall wider SE disparities in CD
rates within the countries. In both countries, socio-
economic status of wealth, higher education level,
health insurance and higher maternal occupation
were associated with cesarean delivery, p < 0.05.
Other factors such as urban residency and use private
or mission health facility of birth were also associated
with CD in both countries, p < 0.05.

Table 2 shows the distribution of study variables by
neonatal survival in Kenya (2014) and Tanzania (2015-
2016). Chi-square test results indicated an association
between C-section and neonatal mortality in both
countries, p < 0.05. Aggregate analysis also indicated
an array of variables that were associated with neonatal
mortality including lack of formal education among
others, Table 2. A graphical summary of cesarean deliv-
ery rates by socioeconomic characteristics and place of
delivery is shown in Figure 3 and Table 3. Cesarean
delivery rates ranged from 5% among formally unedu-
cated rural women in Tanzania to 26% among highly
educated urbanites in Kenya and to 37.5% among urban
women in managerial positions in Tanzania.
A difference of 19% and 32% between the lowest and
highest CD rates in the socioeconomic groups was also
observed in Kenya and Tanzania, respectively. Similar,
wider disparities in CD trends were shown in both
countries on the basis of having health insurance cover-
age (Figure 3, graph B).

Table 4 and Figure 4 present adjusted odds ratios
for the association between socioeconomic factors and
cesarean delivery. Overall findings indicated higher
odds of cesarean delivery among mothers from richest
households, aOR 1.4 (95% CI 1.2-1.8), those with
health insurance, aOR 1.6 (95% CI 1.3-1.9), highly
educated, aOR 1.6 (95% CI 1.2-2.0), urban residents,
aOR 1.3 (95% CI 1.2-1.5), those in managerial posi-
tions, aOR 1.7 (95% CI 1.3-2.2) and among births in
mission health facilities, aOR 1.9 (95% CI 1.6-2.2),
compared to middle class, no insurance, rural resi-
dents, unemployed and government facilities, respec-
tively. Similar trends were observed in Tanzania.
However, in Kenya, the higher odds of CD among
those with managerial positions and the richest was
not statistically significant. Comparatively, the man-
agers and those who delivered in mission hospitals
had about 3 times higher odds of cesarean delivery
in Tanzania.

Table 5 shows adjusted odds ratios for the associa-
tion between cesarean delivery and neonatal mortality.
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Table 1. Characteristics of sociodemographic, maternal and newborn variables by cesarean delivery in health-facility births in
Kenya 2014 and Tanzania 2015-2016.

Overall, N = 13,372 Kenya (N = 8738) Tanzania (N = 4634)

Cesarean Normal P value Cesarean Normal P value Cesarean Normal P value
Characteristics % % 95% Cl % % 95% Cl % % 95% Cl
Place of residence
Rural 9.9 90.1 1.3 88.7 7.8 922
Urban 149 85.1 <0.001 15.5 84.5 <0.001 134 86.6 <0.001
Maternal age
15-24 9.3 90.7 103 89.7 73 92.7
25-34 12.8 87.2 13.6 86.4 111 88.9
35-49 144 85.6 <0.001 17 83 <0.001 10.6 89.4 <0.01
Marital status 8767
Single 1.9 88.1 13.6 86.4 8.9 91.2
Married 121 87.9 >0.05 13.2 86.8 >0.05 10 90 >0.05
Wealth index
Poorest 7.8 92.2 8.4 91.6 6.7 933
Poor 9.3 90.7 1 88.9 52 94.8
Middle 104 89.6 7 88.3 78 92.2
Richer 121 87.9 139 86.1 9.1 90.9
Richest 17.8 82.2 <0.001 187 81.3 <0.001 16.1 83.9 <0.001
Education level
No education 6.9 93.1 7.8 92.2 59 941
Primary 104 89.6 11.6 88.4 8.5 91.6
>Secondary 159 84.1 <0.001 16.2 83.8 <0.001 147 85.3 <0.001
Parity
Primiparous 147 85.3 15.7 84.3 127 87.3
Para 2-3 129 87.0 138 86.2 109 89.1
Mode of delivery data missing, excluded n = 10, P value — chi-square test
Para 4+ 8.5 91.5 <0.001 10 90 <0.001 6.3 93.7 <0.001
Sex of newborn
Male 122 87.2 >0.05 135 86.5 >0.05 9.5 90.5 >0.05
Female 1.9 88.1 129 87.1 10 920
Birthweight
<2500 g 131 86.9 15.1 84.9 1.2 88.8
2500-4000 g 10.7 89.3 12 88 9.6 90.4
>4000 g 14 86.0 <0.01 16 84 0.01 121 87.9 <0.05
Multiple births
No 1.7 88.3 13 87 9.4 90.6
Yes 27.1 727 <0.001 28.1 719 <0.001 25 75 <0.001
Health facility of birth
Gov't facility 103 89.7 11.6 88.4 7.9 92.1
Mission hospital 19.5 80.5 <0.001 19.7 80.3 <0.001 189 81.1 <0.001
Private - - - N/A N/A 15.7 843 <0.001
Antenatal visits
0 ANC visits 1.6 88.4 <0.001 9.1 90.9 <0.001 158 84.2 <0.001
1-3 visits 9.5 90.5 104 89.6 8.2 91.8
4-7 visits 13.2 86.8 145 85.5 105 89.5
8or> visits 236 764 224 776 30.9 69.1
Antenatal visits Il
<4 visits 9.6 90.4 <0.001 103 89.7 <0.001 8.4 91.7 <0.01
4> visits 13.7 86.3 149 85.1 109 89.1
Health insurance
No 9.9 90.1 1.1 88.9 8.9 91.1
Mode of delivery data missing, excluded n = 10, P value — chi-square test. N/A -not available
Yes 18.2 81.8 <0.001 185 81.5 <0.001 17.8 823 <0.001
Missing 628 3907 628 3907
Occupation
Not working 103 89.7 1 89 9.3 90.7
Technical, managerial 21.8 78.2 17.7 823 309 69.1
Self-employed farmer 8.6 91.4 1.7 883 7.1 929
Domestic service 1.5 88.5 <0.001 128 87.2 <0.001 103 89.7 <0.001
and manual work
Maternal BMI,
Underweight, <18.5 8.0 92.0 9.0 91.0 6.5 935
Normal,18.5-24.99 9.1 90.9 10.6 89.4 74 92.6
Overweight, 25-29.99 13.8 86.2 15.1 84.9 1.4 88.6
Obese, > 30 20.0 80.0 <0.001 19.5 80.5 <0.001 20.8 79.2 <0.001
Missing 695 4588 667 4187 28 401

Mode of delivery data missing, excluded n = 10, P values - from chi-square test at 95% Confidence Interval (Cl).
All bold values are statistical significant values.
All italic values signify missing values.

Overall, after controlling for maternal risk factors in  aggregate aOR 1.7 (95% CI 1.2-2.7). After further
Model 1, cesarean delivery had 1.7 times higher odds  adjustments for fetal risk factors in Model 2 and antena-
of neonatal deaths compared to normal births, tal care visits in model 3, the adjusted OR ceased to be
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Figure 3. Graphical representations A, B, C, and D showing cesarean delivery rates by socioeconomic characteristics and place of

residence in 2014-2016, in Kenya and Tanzania.

statistically significant, 1.6 (95% CI 0.9-2.6). Aggregate
wealth quintile-specific analysis shown in Table 6,
adjusted for all Model 3 factors except education level
(due to high its correlation with wealth), showed 4.4
folds of higher neonatal mortality among the poorest
after cesarean delivery. All other wealth quintiles
showed no statistical significance.

Discussion

Overall, our study found that cesarean delivery in Kenya
and Tanzania was associated with higher socioeconomic
status, indicating that the rising cesarean births might not
necessarily be driven by only medical indication, as
advised by the WHO. After adjusting for potential con-
founders, the richest, the highly educated, the insured,
managers, urban residents and those who delivered in
mission or private facilities comparatively had about
1.4-1.9 times higher odds of cesarean delivery. These
findings are in agreement with other studies from
LMIC [2,4]. Compared to normal births, cesarean deliv-
ery also indicated association with neonatal mortality;
however, after further adjusting for key confounders,
the findings ceased to be statistically significant.
Nonetheless, wealth quintile-specific analysis further
indicated that the poorest had the highest odds (OR,4.4)
of cesarean-related neonatal deaths even though they had
the lowest cesarean delivery rates. These findings partly
concur with previous health facility-based studies across
many low-and middle-income settings that suggest that

cesarean delivery (CD), both emergency and planned, has
had net poor perinatal and neonatal outcomes [5,22-28]

This study is perhaps the first of its kind to examine
the influence of socioeconomic factors on cesarean deliv-
ery and neonatal survival outcome resulting from
C-section at national levels in Kenya and Tanzania.
C-section as an increasingly preferred mode of birth
does not guarantee better neonatal outcomes in East
Africa. These findings suggest that a comprehensive eva-
luation of the rising CD-decisions is needed. Medical
indication [9] and maternal informed choice after coun-
seling should be the only basis for cesarean delivery.
Other influencing factors such as financial gains should
not be an underlying factor for a CD-decision.
Streamlining of policies for safe delivery such as compre-
hensive implementation of practical guidelines including
Robson 10-group classifications and recording of delivery
decisions and outcomes ought to be implemented at all
levels of health institutions in Kenya and Tanzania. The
policies should also address delays to seek or receive care
and fears of litigations [33,34,55]. Factors surrounding
CD appear to be multifaceted and complex in low-
resourced health systems in Kenya and Tanzania.
However, with existing evidence-based research on CD
and recommendations based on increasing research evi-
dence at population levels, rapid progress in policy devel-
opment and subsequent reduction in CD-related
inequities and mortalities can be realized.

A good indication of progress was that even after
controlling for only maternal factors, the odds of
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Table 3. Within country cesarean section rates, by socioeconomic status, place of delivery and place of residence in

Kenya 2014 and Tanzania 2015-16.

Overall, N = 13,372

Kenya, N = 8738 Tanzania = 4634

Rural Urban Rural Urban

(95% CI)
All 12.0 (11.5-12.6) 1.3 15.5 7.8 134
Wealth status
Poorest 7.8 (6.6-9.0) 7.8 10.5 7.2 Missing
Poorer 9.3 (8.1-10.4) 1.2 10.6 5.0 8.6
Middle 10.4 (8.8-9.1) 11.6 1.9 79 6.7
Richer 12.1 (11.0-13.2) 135 14.2 9.5 85
Richest 17.7 (16.4-19.0) 15.6 19.1 1.0 17.5
Education level
No education 6.9 (5.4-8.2) 6.8 8.8 53 85
Primary 10.4 (9.7-11.1) 10.8 129 7.6 10.2
Secondary 13.6 (12.5-14.7) 17 15.1 103 17.9
Higher 23.5 (21.0-26.0) 17.8 258 7.7 354
Maternal occupation
Not working 10.3 (9.0-11.6) 10.6 1.3 8.0 10.7
Managerial, technical, clerical 21.8 (18.7-24.8) 14.6 19.7 20.2 375
Self-employed farmer 8.6 (7.6-9.6) 1.4 12.7 6.9 8.5
Manual, domestic services 11.5 (10.4-12.6) 10.3 149 8.2 12.2
Health insurance
No 9.9 (9.2-10.6) 9.9 12.7 7.5 1.7
Yes 18.2 (16.1-20.3) 17.5 19.2 10.7 29.2
Health facility of birth
Government 10 (9.7-10.8) 10.0 13.7 57 1.7
NGO or religious 19.5 (17.9-21.0) 184 20.6 185 199
Private N/A N/A 4.2 25.9

Table 4. Logistic regression analysis showing associations between socioeconomic factors, place of residence and cesarean

delivery in Kenya 2014 and Tanzania, 2015-2016.

Overall N = 13,372 Overall

Kenya Tanzania

Variables aOR (95% CI) aOR (95% Cl) aOR (95% Cl)
Wealth status

Poorest 0.9(0.7-1.2) 0.8(0.6-1.2) 0.9(0.6-1.4)
Poor 0.9(0.7-1.2) 0.9(0.7-1.2) 0.6(0.4-1.0)
Middle Ref Ref Ref
Rich 1.1(0.9-1.4) 1.1(0.8-1.4) 1.1(0.7-1.4)
Richest 1.4(1.2-1.8) 1.2(0.9-1.6) 1.6(1.2-2.2)
Educational level

No education 0.8(0.6-1.0) 0.9(0.6-1.4) 0.8(0.5-1.1)
Primary Ref Ref Ref
Secondary 1.2(1.0-1.4) 1.1(0.8-1.2) 1.4(1.1-1.8)
Higher 1.6(1.2-2.0) 1.4(1.0 - 1.8) 2.4(1.3-4.4)
Maternal occupation

Not working Ref Ref Ref
Managerial, technical, clerical 1.7(1.3-2.2) 1.3(0.9-1.7) 2.9(1.9-4.3)
Self-employed farmer 0.9(0.7-1.1) 1.0(0.8-1.3) 0.9(0.7-1.3)
Manual, domestic services 1.02(0.84-1.22) 1.0(0.8-1.3) 1.1(0.8-1.5)
Health Insurance

No Ref Ref Ref

Yes 1.6(1.3-1.9) 1.4(1.2-1.8) 1.8(1.4-2.4)
Place of residence

Rural Ref Ref Ref
Urban 1.3(1.2-1.5) 1.2(1.0-1.4) 1.5(1.2-1.8)
Health facility of birth

Government facility Ref Ref Ref
Mission health facility 1.9(1.6-2.2) 1.5(1.2-1.8) 2.7(2.1-3.4)
Private facility N/A N/A 2.2(1.3-3.5)

Each socioeconomic factor independently adjusted for maternal age, birthweight, parity, multiple births.

aOR, adjusted odds ratio. Missing data were excluded from analysis.
Bold values indicate statistically significant adjusted odds ratios.

neonatal mortality following CD in Kenya was not
statistically significant. Although our study does not
ascertain whether or not neonatal deaths occurred as
a result of cesarean procedure itself or due to fetal or
pregnancy complications or both, it nonetheless
reveals that irrespective of whether there was
a medical indication or not, CD-born neonates had

higher odds of mortality, among the poorest and
overall in Tanzania when only maternal risk factors
were adjusted for. Supportive of these findings,
another most recent cohort study in The Lancet
found that neonatal deaths after CD in Africa were
double the global NM estimate and maternal deaths
after CD were 50 times higher in LMIC in Africa
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Figure 4. Forest plot presentation of adjusted odds ratios, 95% confidence interval (Table 4), showing aggregate associations
between socioeconomic characteristics and cesarean delivery in Kenya and Tanzania, 2014-2016.

Table 5. Binomial logistic regression analysis (models 1-3) for the associations between cesarean delivery and neonatal
mortality, adjusted odds ratios (aOR) in Kenya 2014 and Tanzania, 2015-2016.

Model 1 Model 2 Model 3
aOR (95% Cl) aOR (95% CI) aOR (95% CI)
Overall,
N = 12,898 Kenya Tanzania Overall Kenya Tanzania Overall Kenya Tanzania
Cesarean section
No Ref Ref Ref Ref Ref Ref Ref Ref Ref
Yes 1.7(1.2-2.7) 1.6(0.8-3.4) 1.8(1.0-3.2) 1.6(1.0-2.7) 1.5(0.7-3.5) 1.7(0.9-3.4) 1.6(0.9-2.6)1.4(0.6-3.2) 1.7(0.9-3.4)

Model 1: Adjusted for maternal factors (Maternal age, parity, education level and BMI) Model 2: Model 1 factors and fetal risk factors (multiple births and
birthweight), Model 3: Models 1 & 2 factors and number of antenatal visits.

Bold values indicate statistically significant odds ratios.

Table 6. Wealth quintile-specific logistic regression for the

association between cesarean delivery and neonatal mortality

in Kenya and Tanzania, 2014-2016.

Adjusted odds ratios (95% Cl)
4.4 (1.2-16.3)

Wealth quintiles
Poorest (n = 1044)

Poor (n = 1313) 1.0 (0.1-7.8)
Middle (n = 1528) 0.5 (0.1-2.3)
Rich (n = 2025) 2.4 (0.9-6.3)
Richest (n = 2014) 1.3 (0.5-3.4)

Adjusted for maternal factors (maternal age, parity, BMI, excluding
education), fetal risk factors (multiple births and birthweight) and
number of antenatal visits. Missing data were excluded from analysis

relative to HIC. The study cited anesthesia complica-
tions and peripartum hemorrhage as major risk fac-
tors [56].

Disparities in adverse neonatal outcomes due to
socioeconomic inequities in Kenya and Tanzania
appear to diminish over the years and that can be
attributed to improved access to health care among
the poor and partly due to the slowly declining neonatal
death rates among the wealthy as compared to the poor.
Recent rising access to C-section associated with higher
socioeconomic groups in east Africa [10-12] does not
seem to achieve corresponding improved neonatal

outcomes. Review of resource allocations and cost-
effectiveness in maternity care in these low-resourced
health systems could save resources for better neonatal
and pregnancy outcomes. Whereas the choice and
safety of CD could be well addressed at individual and
health facility levels, multifaceted and holistic
approaches could improve equitable access and neona-
tal outcomes. CD on medical grounds and/or well-
informed choice (counseling) with zero economic
advantage can be positively impactful. Additionally, at
administrative levels, mandatory recording of mode of
delivery and neonatal outcomes at facility levels could
enable continuous auditing, monitoring, and account-
ability. At community levels, sexual and reproductive
health education could ease the burden in the health
systems through eliminating unplanned pregnancies,
curb delays to seek care, and minimize CD risks. At
district and county levels, continuous and equitable
allocation of funds to health facilities together with
requirements for accountability would improve access.
Nationally, continuous training of new health personnel
including anesthesiologists and capacity development
of existing cadres using the most-updated evidence-



based practices would ensure improved quality of cesar-
ean procedures.

Contrary to our findings, elsewhere in Nepal,
a country with similar economic conditions as
Tanzania but considerably lower gross domestic pro-
duct per capita compared to Kenya, a significant reduc-
tion of neonatal mortalities, including CD-related, has
been found [57]. To highlight the difference, for
instance, a comparison can be made between two par-
allel studies [58,59] from matching district-level hospi-
tals with similar year of data collection and numbers of
cesarean deliveries (330 vs 327) in Kenya [58] and
Nepal [59]. The majority (43%) of patients in Nepal
hospitals were of disadvantaged lower caste comparable
to patients in the refugees’ area in northeastern Kenya.
The studies reported 7.3% vs 1.5% neonatal deaths in
Kenya and Nepal, respectively.

Considering the 10 years countdown to SDG 2030,
to accelerate improved equitable access and better
CD-related neonatal survival, we suggest three more
approaches. In addition to Betran et al.’s 2018 [55]
recommendations of educational interventions for
expectant mothers, effective leadership, training of
health workforce, adequate equipping and financing,
removal of economic incentives for CD and quench-
ing fears of litigations, we suggest the following.
Firstly that the National Road Map Strategic Plans
for Maternal, Newborn Health and the decentralized
health commissions in Tanzania and Kenya should
consider adopting the much stronger community-
level frameworks that have shown nationwide success
through accountability and pregnancy-related sup-
port for women in Nepal [57] and Rwanda [60].
Even if all pregnant women accessed hospitals in
Kenya and Tanzania, the health-care system would
be insufficient to care for them all, much less the
C-section cases. Thus, secondly, we suggest strength-
ening sexual and reproductive education to prevent
unplanned pregnancies especially among teenage
girls. Thirdly, we proposed mandatory recording of
birth, newborns' health and mortality information at
the health facilities to enable effective and continuous
research, monitoring and accountability.

Methodological considerations

Over 60% of births in Kenya and Tanzania were
institutional, an increase of over 10% from previous
years. In addition, the response rate for women inter-
viewed in the DHS program was over 90% for both
countries. This improved the analytical power, exter-
nal validity and representativeness of our findings.
Furthermore, the random sampling strategy of DHS
data collection minimized selection bias. We also
applied sample weights and adjusted for complex
sampling design to improve internal validity and
representativeness of our sample. Our study found
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evidence of associations; however, causal interpreta-
tion cannot be inferred due to lack of medical con-
firmation of the actual reason for CD and the
cause(s) of neonatal deaths. Our data could also not
differentiate between cesarean deliveries that were
planned (or elective) or emergency. A key limitation
to our study is the many missing survival outcome
status of health-facility born babies, the missing,
n (503) could have perhaps altered our results if
they were not uniformly distributed across. Recall
bias as a limitation in cross-sectional design could
not be entirely ruled out in our study; however,
reproductive events are of significance to women
and evidence of accurate recall has been reported
[61]. Further, we used the most recent birth data
which minimized recall bias. Also, we used non-
pregnancy and non-postpartum BMI rather than the
actual BMI before and at delivery time, which may
have limited our accuracy.

Conclusion

Disproportionate access to C-section in Kenya and
Tanzania is widening along socioeconomic dispar-
ity lines. Higher risks of cesarean-related neonatal
mortality exist. Choice and/or safety of cesarean
delivery can best be addressed on individual basis
at health-facility levels. Policy improvements to
promote holistic approaches of equitable access on
medical grounds as well as informed choice to
reduce unnecessary C-sections is vital. Moving for-
ward, reproductive health education to minimize
unintended pregnancies, mandatory recording of
birth, health and death information for continuous
research, monitoring and accountability could
improve overall neonatal outcomes. Equipping of
health facilities, training and continuous capacity
development of health workers to enhance safe
delivery services are vital.
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Malachi Ochieng Arunda

ABSTRACT

Objectives To examine how maternal and
sociodemographic factors determine continued care-
seeking behaviour from pregnancy to postnatal period in
Kenya and Uganda and to determine associated neonatal
survival outcomes.

Design A population-based analysis of cross-sectional
data using multinomial and binary logistic regressions.
Setting Countrywide, Kenya and Uganda.

Participants Most recent live births of 24 502 mothers
within 1-59 months prior to the 2014-2016 Demographic
and Health Surveys.

Outcomes Care-seeking continuum and neonatal
mortality.

Results Overall, 57% of the mothers had four or more
antenatal care (ANC) contacts, of which 73% and 41%

had facility births and postnatal care (PNC), respectively.
Maternal/paternal education versus no education was
associated with continued care seeking in majority of care-
seeking classes; relative risk ratios (RRRs) ranged from 2.1 to
8.0 (95% Cl 1.1 to 16.3). Similarly, exposure to mass media
was generally associated with continued care seekin; RRRs
ranged from 1.8 to 3.2 (95% Cl 1.2 to 5.4). Care-seeking
tendency reduced if a husband made major maternal care-
seeking decisions. Transportation problems and living in rural
versus urban were largely associated with lower continued
care use; RRR ranged from 0.4 to 0.7 (95% CI 0.3 to 0.9).
The two lowest care-seeking categories with no ANC and

no PNC indicated the highest odds for neonatal mortality
(adjusted OR 4.2, 95% Cl 1.6 to 10.9). 23% neonatal deaths
were attributable to inadequate maternal care attendance.
Conclusion Strategies such as mobile health specifically
for promoting continued maternal care use up to postnatal
could be integrated in the existing structures. Another
strategy would be to develop and employ a brief standard
questionnaire to determine a mother’s continued care-
seeking level during the first ANC visit and to use the
information to close the care-seeking gaps. Strengthening
the community health workers system to be an integral
part of promoting continued care seeking could enhance
care seeking as a stand-alone strategy or as a component
of aforementioned suggested strategies.

, Anette Agardh, Benedict Oppong Asamoah

Strengths and limitations of this study

» The national representativeness of the data and
the large sample size of the study allowed for val-
id stratified analysis with implications for national
policy developments to improve neonatal survival
outcomes for countries in the sub-Saharan Afric:
region.

» Recall bias may not be completely eliminated from
the study since the data were collected retrospec-
tively through interviews.

» However, by selecting the most recent births and
owing to the fact that childbirth is a special event
not easily forgettable, the study findings reflect the <

D = W =

.-

reality with considerable validity.

» The study was based on maternal attendance to
care and not the actual obstetric services received;
thus, aspects related to lack of drugs, inadequat?
facilities or quality of care were not captured in oul
study. h

INTRODUCTION

In 2019, close to 7000 newborns worldwide
died within their first 28 days of life (neonatal
period), as per the United Nations Inter-
Agency Group for Child Mortality Estima-
tion." Roughly three-quarters of these deaths
occurred during childbirth and the first week
of the neonatal period,' *and the major causes
included infections such as sepsis and pneu-
monia, birth complications and prematurity-
related problems such as asphyxia and low
birth weight.” Comprehensive antenatal care
(ANC), skilled birth attendance and post-
natal (afterbirth) care (PNC) have long been
recognised as key strategies that profoundly
contribute to newborn survival.' ° In 2015,
64% of women globally had four or more
ANC contacts,” and prevalence of health
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facility births was 80% in 2019.” In high-income coun-
tries such as Sweden, where neonatal death rate is among
the lowest globally (1.4 deaths per 1000 live births, in
2019), almost all mothers obtain comprehensive ANC,
facility births and PNC services.® However, in sub-Saharan
African (SSA) and Southeast Asian countries, where over
70% of all neonatal deaths occur,” use of the components
of care is relatively low and varies substantially.'*"*

Accordingly, since 2005, the WHO has been advocatmg
for the implementation of continuum of care strategy,"”
a concept that promotes continual access to care from
prepregnancy to the first few weeks of after childbirth."* '
While several SSA countries including Kenya and Uganda
report over 80% coverage of at least one ANC contact
with a skilled provider,” '° late initiation of ANC visits,
lower health facility births and very low PNC use still pose
enormous challenges. A Lancet study reported that prev-
alence of early initiation of ANC contact (<14 weeks of
gestation) was only 24% in SSA, much lower compared
with 85% in high-income countries.'” The challenge in
a number of SSA countries, however, is that despite the
removal of user fees for all maternal and child health
service in many countries, a number of sociodemographic
factors and maternal characteristics still remain critical
determinants of care use that hinder or motivate choices
and preferences in maternal care seeking.'®

Andersen and Newman behavioural model of use of
healthcare services has widely been used to identify factors
that influence caresecking behaviour.'” The model
outlines three main factors that interact to predict use
of care, and they included societal, individual and health
system determinants'’ (see diagrammatic details in online
supplemental file 1). The model has been employed by
studies to examine use of the different components of
maternal and newborn care such as ANC,? %! childbirth®
or PNC.* However, very few studies in SSA have assessed
how factors in the Andersen and Newman model modify
care-seeking behaviour along the continuum of care from
pregnancy to postnatal period, and even much fewer
within the context of free maternity policy.

A recent community-based study in Ethiopia showed
that women with higher education, married women and
those with autonomy in healthcare decision were likely
to complete continuum of care.”* Whereas the study
provided critical findings, it considered only one ANC
visit and not the WHO or Ministry of Health (MoH)-
recommended number of contacts.”* Another similar
study by Oh et alin 2013 in Gambia also found a number of
factors associated with maternal care-seeking continuum
and early ANC visits.” However, the study lacked PNC
estimates for facilities deliveries.”” Another subnational
study in Tanzania found, among other factors, knowledge
or experience of pregnancy danger signs was associated
with higher care seeking.”” A 2019 Cochrane review of
several qualitative studies found that influence by others,
illness-free pregnancy, financial dependence and selective
use of ANC are potential barriers to continual maternal
care use.”” The few existing studies on continuum of care

seeking in SSA are very informative but limited in one way
or another, and none to our knowledge examined associ-
ated neonatal survival outcomes.

Kenya and Uganda are among the 10 countries in SSA
countries with most neonatal deaths™ and despite rela-
tively free or subsidised maternity policy in both coun-
tries and relatively higher gross domestic product than
some countries in the East Africa region such as Rwanda,
neonatal mortality rates have declined much slower
compared with Rwanda.” * Thus, this study aimed to
examine how sociodemographic and maternal factors
influence care-seeking behaviour in the care-seeking
continuum from pregnancy, childbirth to postnatal
period in Kenya and Uganda. A secondary aim was to
estimate the impact of levels of continued maternal care
seeking on neonatal survival.

METHODS

Study settings

Kenya and Uganda have closely comparable demo-
graphics and are in relatively similar state of maternal
healthcare policy and pathway towards achieving universal
coverage. The total population in Kenya and Uganda as
of 2016-2019 was about 90 million.” ** More than 70%
of the populations live in the rural areas with agriculture
as their main source of livelihood.” **** The sex ratio
is approximately 1:1,”' ** and general life expectancy at
birth in 2016 was similar in both countries; for women, it
was 64 and 67 years in Uganda and Kenya, respectively.’®
Maternal mean age at first childbirth is 19-20 years.
Neonatal mortality rates in both countries were about
22 deaths per 1000 live births in 2016.” Like a number
of countries in SSA, Kenya and Uganda provide iree
maternal care services in primary-level health facilities.”
Although the goal of the free maternity programmes in
Kenya and Uganda is to eliminate all maternity-related
costs, due to inadequate or slow distribution of funding
in some health facilities, certain hidden costs such as for
ultrasound, access to hospital card and laboratory services
among others are still incurred out-of-pocket.”** Addi-
tionally, indirect expenses such as costs of transportation
to the health facility are still challenges common among
poor households.” Further, in Kenya, prior to June 2018,
maternal services were partly free and partly subsidised.”

Data source and study design

We obtained the cross-sectional, population-
representative, Demographic and Health Surveys (DHS)
datasets for Kenya 2014 and Uganda 2016 after a formal
request to the DHS secretariat. DHS collects sociodemo-
graphic, maternal and child health data across the whole
country in a two-stage cluster sampling procedure. The
DHS uses standard procedures and protocols that ensure
complete anonymity of the respondents and adherence
to international ethical standards for research. We used
the data for the most recent live births, 1-59 months prior
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Table 1 Classification of continuum of care-seeking
classes during the antenatal period, childbirth and within 28
days of postnatal period in Kenya and Uganda

>4 ANC 2-3 ANC 1ANC 0 ANC
visits visits visit visit
Health facility births
PNC— Highest Higher Seventh -
yes lowest
PNC— High Moderately ~ Sixth Third
no high lowest lowest
Birth outside of health facility
PNC— Slightly high Moderately  Fifth Second
yes lower lowest lowest
PNC— Moderately  Very low Fourth Lowest
No low lowest

ANC, antenatal care; PNC, postnatal care.

to the surveys. More details on data collection procedure
can be accessed from DHS methodology and manuals.** **

Study variables

Outcome variables

Care-seeking continuum was the primary outcome variable.
It constituted a combination of the number of ANC
visits, health facility birth and at least one PNC contact
within 28 days postpartum (after birth). Continuum of
care seeking was categorised into 15 classes based on
relative adherence to basic (modified) WHO and MoH
recommendations for care attendance from pregnancy to
postnatal period prior to 2016, that is, before the current
WHO recommendation of 8 ANC visits. Since data for
both countries were collected prior to the new WHO
2016 ANC recommendations, we used previous Focused
ANC recommendations. A mother with a combination
of four or more visits, health facility birth (skilled birth)
and at least one PNC contact was classified in the highest
category of care seeking, and those with least/no amount
of care were categorised as the lowest class. The interme-
diate categories were classified on the basis of optimal
and perceived descending level of care-seeking behaviour
as higher, high, moderately high, slightly high, moderately low,
moderately lower, very low, seventh lowest, sixth lowest, fifth
lowest, fourth lowest, third lowest, second lowest and lowest, as
shown in table 1.

The first component of classification was in accordance
with the number of ANC visits a mother had; the second
level was on the basis of whether or not a mother deliv-
ered at the health facility; and the last part of continuum
of care was whether or not a mother had PNC visit within
28 days postpartum.

Neonatal mortality was a secondary outcome variable
that was dichotomised into ‘yes’ (died) and ‘no’ (lived),
depending on whether the neonate lived or not. The
predictor variables for this outcome variable were the
modified classes of care-seeking continuum discussed
previously as the primary outcomes.

Independent variables

These constituted sociodemographic factors and maternal
characteristics that were examined across all care-seeking
continuum categories of the primary outcome variable.
They included variables that the modified Andersen
and Newman behavioural model for care use identified
as predictors of care-seeking behaviour. '’ Further, the
categorisation of these variables was also informed by a
number of maternal and child health studies previously
conducted in SSA. They included maternal age, which was
initially grouped as 15-19, 20-24, 25-29, 30-34, 35-39,
40-44 and 45-49 years old, and we recategorised it into
15-24, 25-34 and 35-49years years old, while place of resi-
dence remained as rural and wrban.*® Marital status was
dichotomised into single or married. ” A mother having
a problem with longer distance/transportation to nearest health
Jacility was classified as ‘yes’ if it was a problem and ‘no’ if
it was not.*® Desire to have a newborn child, whether or not the
mother was told about pregnancy complications” and having
exposure to mass media”’ were all categorised as yes and
no. The variable who ultimately makes maternal care-seeking
decisions was categorised as respondent (woman) alone,
husband alone or joint decision.”" Education was catego-
rised as no education, primary education and secondary
or higher.52 Parity (number of children ever born) was
categorised as primiparous (for first time mothers), para
2-8 (for those with two to three children) and para 4+.*°
Wealth status was classified into poor (poor/poorest),
middle and rich (rich/richest).”® * The wealth status in
DHS is indexed based on household cumulative living
standards, taking into account assets possessed, water and
sanitation facilities. Place of residence was classified into
rural and urban.”

Mapping the predictor: outcome relationship using directed
acyclic graphs (DAGs)

Prior to the analysis, the DAGs by Textor and colleagues®
were used to map the predictors of both care-seeking
behaviours and neonatal mortality on the basis of existing
peerreviewed evidence and to identify any confounding
bias in our models. Online supplemental file 2, diagrams
l.a and b, illustrate the process. For diagram 1.b, the
lower levels of care seeking are represented by a lack of
a care component(s) that is/are major non-causal risk
factor for neonatal mortality.

Data analysis

We used cross-tabulations to examine the distribution of
mothers across variables and variable categories in the
different levels of care-seeking continuum. We also inves-
tigated correlations between ANC visits and proportions
of health facility childbirths and PNC visits. Multinomial
logistic regression models examined the associations
between sociodemographic and maternal factors and
continued care seeking at different care-seeking classes/
categories, with the lowest class as the reference group.
The independent variables were mutually adjusted for
each other.
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Binary logistic regression was used to determine the
OR for the associations between the various classes of
care-seeking continuum and neonatal mortality. For plau-
sible and valid analysis, nine classes with satisfactory data
were used in the overall mortality analysis with the highest
class as the reference group. Low birthweight babies and
multiple gestations are strong independent risk factors
for neonatal death™ * and thus were excluded in the
mortality analysis to obtain adjusted OR (aOR). The
rest of the classes were not used owing to fewer numbers
in certain neonatal mortality strata. Similarly, country-
specific analysis resulted in elimination of more strata
with fewer numbers. Further, the resulting significant
aORs were used to estimate attributable risk fraction (AR)
and population attributable risk fraction (PAR) for both
countries combined. This was to determine proportion of
neonatal deaths that would be prevented if mothers in a
given lower level of care-seeking continuum had sought
care at the highest class. We used Stata V.16 and Microsoft
Excel for analysis and to generate graphical summaries of
results. Sampling weights were applied, and we accounted
for complex sampling design recommended by the DHS
methodology guide. Missing data due to nonresponse
were mostly negligible compared with the subpopula-
tion sample sizes and relatively randomly spread across
the variable subgroups; they were nevertheless omitted
in our analysis. For the variable ‘knowledge about preg-
nancy, birth complications’, where data were missing for
Uganda, the analysis was only performed for Kenya where
plausible.

Estimating attributable neonatal mortality risk proportions
associated with low levels of care-seeking continuum

The attributable risk proportions (AR) and population
attributable neonatal mortality risk proportion (PAR)
were obtain by the formulas AR=[(ORl)/OR)] x 100
andPAR=Pe * [(ORl)/OR)] x 100, respectively, where
OR is the statistically significant aOR associated with that
care-seeking class and Pe is the proportion of the total
mortalities in that given care-seeking class.

Public and patient involvement
No patients or the public were directly involved in this
study.

RESULTS

Table 2 and figure 1 indicate that over 95% of mothers
had at least one ANC visit, and about 56% had four or
more ANC contacts in Kenya and Uganda. Of those who
had four or more ANC visits, 73% gave birth at a health
facility and about 41% had newborn PNC check-up within
28 days after birth as shown in table 2.

The scatter plot in figure 2 shows a positive correlation
between number of ANC visits and both proportions of
facility births and PNC visits. Further, figure 3 shows that
a single early ANC visit in the first or second trimester

Table 2 Distribution of mothers by continuum of care-
seeking classes during the antenatal period, childbirth
and within 28 days postnatal in Kenya and Uganda,
using Demographic and Health Surveys 2014-2016 data,
N=24502

>4 ANC 2-3ANC 1ANC O0ANC
visits, visits, visit, visit,
N=13888 N=8744 N=775 N=1095
Health facility births
PNC—yes 4961 (35.7) 2355 (26.9) 115 68 (6.2)
PNC—no 5179 (37.3) 2782 (31.8) 213 106 (9.6)
Birth outside of health facility
PNC—yes 752 (5.4) 632 (7.2) 63 121 (11.1)
PNC—no 2996 (21.6) 2975 (34.0) 384 800 (73.1)

ANC, antenatal care; PNC, postnatal care.

increased the likelihood of health facility childbirth as
opposed to late ANC visit in the third trimester.

Table 3 shows the distribution of maternal and socio-
demographic characteristics by care-seeking behaviour
from pregnancy to postnatal period. Majority (>46%)
of the mothers were between 25 and 34 years of age in
all care-seeking categories. Overall, about 71% of the
mothers lived in a rural setting, and 37% of all women
had problems with distance to the nearest health facility.
Roughly 30% and 57% of those who had the highest and
the lowest care-seeking tendencies, respectively, indicated
distance could be a hindrance to care seeking. Slightly
over half of all the mothers had primary education. About
40% of the highest careseekers had secondary or higher
education, while 60% of the lowest careseekers had no
formal education. Similar trends were observed among
their husbands/partners (education).

Table 4 shows the results of the multinomial regressions
for the associations between independent factors and
different classes of care-seeking continuum from preg-
nancy to childbirth and 28 days postnatal, with the lowest
class being the reference category. Maternal primary or

mOverall ®mKenya = Uganda

a1

One visit in fistor  One visit in thind No visits
second trimester trimester

Two-three visits

Four or more visits.

Figure 1 Proportions of antenatal care visits by number
of antenatal care contacts in Kenya and Uganda, using
Demographic and Health Surveys 2014-2016 data.
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Figure 2 Scatter plot showing correlation between number
of antenatal care visits and proportions of facility births

and postnatal care visits in Kenya and Uganda, using
Demographic and Health Surveys 2014-2016 data.

higher education levels compared with no formal educa-
tion,were significantly associated with higher care-seeking
behaviour in almost all care-seeking categories except
among those who had one ANC visit/facility birth/no
PNC (sixth lowest) or less; relative risk ratios (RRRs)
ranged from 2.1 to 8.0 (95%CI 1.1 o 16.3). Similarly,
trends were observed among those with husbands having
primary education and above; RRRs ranged from 2.1 to
6.4 (95% CI 1.3 to 10.6). Generally, the higher the level
of education, the higher the care-seeking tendency. Expo-
sure to mass media (radio/television) was generally asso-
ciated with higher care-seeking tendency; RRRs ranged
from 1.8 to 3.2 (95% CI 1.2 to 5.4). There was minimal
indication that desire to have a child improves care
seeking, although high RRR to seek care were observed
among those who had two or more ANC visits, but find-
ings were not statistically significant except in the high
category.

Problem with distance to the health facility (vs no
problem) was largely a demotivating factor to care seeking.
In six care-seeking categories, the RRRs ranged from 0.6
to 0.7 (95% CI 0.5 to 0.9), whereas in the remaining

—~—Health facility births  ~e—Birthsat home or other places

Proportion of births (%)

>4 visits 23 visits Dvisit Istor20d 1 visit 3d rimester 0visits

trimester
Number of antenatal Gare (ANC) visits

Figure 3 Proportion of hospital and home births by
number of antenatal care visits in Kenya and Uganda, using
Demographic and Health Surveys 2014-2016 data.

categories, very low to lowest, the association was margin-
ally not statistically significant; RRRs ranged from 0.6 to
1.1 (95% CI 0.3 to 1.4). Higher parity versus primiparous
was not associated with care seeking except in a few care-
seeking categories among those who had 2-3 ANC visits.
Generally, being told about pregnancy and birth compli-
cations significantly increased the tendency to seek care
in Kenya.

Older maternal age compared with young age was
generally not significantly associated with care seeking at
all levels of careseeking continuum, RRRs ranged from
0.4 to 0.9 (95% CI 0.3 to 1.7), except marginally signifi-
cant in moderately high and seventh lowest classes. Living
in a rural area versus urban was significantly associated
with lower care-seeking tendency in nine categories.
The remaining care-seeking categories indicated lower
tendency but not significant results. Care seeking was
also notably hindered when the husband/partner rather
than the woman made major decisions for maternal care
seeking in about nine care-seeking categories. Being
married showed variably and inconsistent associations
with care seeking in most care-seeking classes, there
was no significant association with care-seeking when
compared with single mothers. Compared with the
poor, the middle wealth status only showed significantly
higher care-seeking tendency in the first four higher
care-seeking classes and two other random classes; the
rest were not statistically significant. Additionally, being
rich indicated almost no significant association with care
seeking. figure 4 summarises in a forest plot the selected
(extremes) results from table 4.

Table 5 presents the ORs for the associations between
continued care-seeking categories and neonatal mortality,
with the highest category as the reference class. Figure 5
shows a forest plot of aOR for overall results in table 5.
Overall, third lowest and lowest categories were associated
with about ourfolds odds of neonatal mortality (aOR 4.2,
95% CI 1.6 to 10.9). For joint Kenya and Uganda, moder-
ately high and very low levels of care seeking also showed
significant higher odds of neonatal death; aOR ranged
1.9-2.4 for the two classes. However, the remaining
two categories (fourth lowest and moderately low) did
not indicate any statistically significant association with
mortality. For Kenya only, lowest, very low, moderately low,
moderately high and high versus highest were all signifi-
cantly associated with neonatal deaths and neonates in
the lowest class were six times likely to die. For Uganda,
only very low category was significantly associated with
neonatal death (aOR 1.7, 95% CI 1.1 to 2.7), and the
lowest class showed higher odds but had a marginally not
significant aOR 2.5 (95% CI 1.0 to 6.0). We observe that
the proportion of Ugandan mothers seeking continued
care at the highest level was more than twice (33.8%) that
of Kenya (13.4%)

Stillin table 5, in combined country findings, comparing
higher and moderately high classes both with two to three
ANC visits and facility childbirth, the only difference is
lack of PNC attendance in the moderately high class,
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o indicating that lack of PNC contributes significantly to

4 neonatal deaths (aOR 2.2, 95% CI 1.4 to 3.4). Similarly,
£5 Y
e _| in Kenya, 16% of mothers were in this (moderately high)
RS S P category (aOR 3.4, 95% CI 1.6 to 7.4). In Uganda, onl

about 8% of mothers were in this category. It can gener-

N % 2 ally be observed that care-seeking tendencies are higher

=] E o= = . . . .

TleseBELE| o in Uganda compared with Kenya, with mothers seekin

SRR g P Y secking

el v = care at highest level more than doubles that of Kenya

[} I3 . . .

z g2 (33.8% vs 13.4%). Similarly, at the lowest level, Uganda is

z g § ggg . ) more than thrice lower than Kenya (1.5% vs 5.6%)

oSk .
° L Figure 6 shows that, overall, for both Kenya and Uganda,
] 23% of neonatal deaths were attributable to inadequate
% >t q
. § CEEOE| <5 maternal care seeking during pregnancy, childbirth and
| Yo " . -
Focfsac| e 28 days postnatal period in Kenya and Uganda. Insuffi-
g cient care seeking within the lowest and third lowest care-
H E o3| © seekers accounted for almost three-quarters (75%) of
- 2 B 1 a
S§E85a | €T neonatal deaths in those groups. About 9% of neonatal
g deaths in Kenya and Uganda could be attributable to
el 3B | = home births, no PNC visits and inadequate ANC visits.
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E DISCUSSION
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2 s3ESE| 2 Although 95% of mothers initiated the first ANG visit in

- KRegsoc|ol P

Kenya and Uganda, only about 20% completed recom-
952 mended (modified) care attendance of four or more
£ 0S| oo g H s
g H E 'E o 5o ANC visits, health facility birth and at least one PNC visit
ZEsatel == within 28 days after birth. Despite the relatively free or
3 zo subsidised maternity costs in first level facilities in Uganda

2 £Z g
S 5 sa | and Kenya, several factors still exert profound influence

ezl = . . .

E H g%% 8o on care-seeking behaviour along the continuum of care

3 >.; that consequently impact neonatal survival. Overall,

] %.T:; ° being educated indicated the highest odds of continual

- EEEGG - care seeking, and parental education was two to eight

= 5 . . . . . .

K] 292E2% 28 times associated with continued care seeking in most

2 €82 c|RE g

Q of the care-seeking categories. The higher the educa-

H 52 g 8 g

I S§TE08| 02 tion level, the higher tendency to seek care. Our results

= 8= = . . ..

« If€Eac| B concur with other studies that have shown associations
i‘ betwggrrlqeducation ‘a”nd uptake of ANG,” % institutional
ce _ birth”” * and PNC.” Further, consistent with our find-
E 3 §; ings, studies have reported higher use Qf obstetric care

- o among mothers exposed to mass media.” Being told of
=2 regnancy complications also improved care seekin
28> | _ preg y p p g
555888 g2 (in Kenya). Over 23% of neonatal deaths in Kenya and
$ERDdc| v Uganda would be prevented if mothers adhered to recom-

g p L
> mended care attendance. Desire to have a child, parity

2 T LIRS and being married did not show any consistent associa-

] £858 |28 tions with continued care-seeking behaviour. Advance

£ g s maternal age indicated lower tendency to seek care, but

£ £ g the findings were not statistically significant.

a £ & = & Y S18]

o - -; 3 g Conversely, a husband as the main or joint deci-

z 2258~ 2 sion maker concerning maternal health care seekin

o | < 5098| 5 g g X )
SN ISR c| ¥ g was generally a significant demotivating factor to care
'.E & seeking among the women in Kenya and Uganda.
3 § Although our study could not examine this further,
| other studies have shown that gender inequality, nega-
a . . ~ . . .
‘; 2 2 tive sociocultural factors and women’s financial margin-
2 a . . . y . L5
Q gl e g alisation tend to hinder women’s independent decision
& 8 E on 8 meehene
= < making in healthcare especially in low-income and
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(4 ANC visis,fuclty (23 ANC visis, fuclty (24 ANC viss, facility (33 ANC visits, facily
bith & PN birth & PNC) birih & a0 PNC).

bih & PO,
Highest Higher High Moderately ign

(1ANC visi, no faciiy
birth, PNC)

Sth lowest

(AN visit, no fucilty
birth, mo PNO)
Ath lowest

(No AN, fucility
birh, no PNC)
3rd lowest

Vo ANC, mo faciy
birth, PNC)
Ind lowest

Al

Odds ratio not statistically significant

——— Odds ratio staistically significant

Vs - versus, refereference
(Care decisions (Care-secking decisions)

Figure 4 Showing relative risk ratios for the associations between maternal and sociodemographic factors and maternal
continuum of care-seeking behaviour in Kenya and Uganda, using Demographic and Health Surveys 2014-2016 data. ANC,

antenatal care; PNC, postnatal care.

middle-income (LMIC) settings.62 % Over 80% of the
mothers in this study were married and over 70% lived
in rural areas, meaning most women are housewives
with subsistence farming as source of livelihood. Thus,

maternal dependency on the husbands to seek care
revolves mainly around financial support for repeated
transportation and minor hospital expenses, and this
can hinder a woman'’s decision to seek care. This partly

Table 5 Crude and aORs for the association between classes of care-seeking behaviour in continuum of care and neonatal
mortality in Kenya and Uganda, using Demographic and Health Surveys 2014-2016 data

Overall Proportion of
crude OR Proportion of the  Kenya only the total in Uganda only
Classes of care-seeking (95% Cl) Overall aOR* total in Kenya (%) aOR* Uganda aOR*
behaviour n=22538 (95% CI) n=12579 (95% Cl) (%) n=9959 (95% CI)
Highest (=4 ANC visits, health Ref. Ref. 13.4 Ref. 33.8 Ref.
facility birth, yes PNC)
Higher (2-3 ANC visits, 1.5 1.3 6.1 1.4 16.3 0.9
Health facility birth, yes PNC), (1.0 to 2.4) (0.7t02.2) (0.4t04.2) (0.5t01.5)
mis=47
High (=4 ANC visits, health 1.5 1.5 29.8 2.9 15.6 1.0 P
facility birth, no PNC), mis=72 (1.0 to 2.2) (1.0t0 2.3) (1.4 t0 6.0) (06t01.7) »
Moderately high 2.4 2.2 16.0 3.4 8.4 1.6
(2-3 ANC visits, health facility (1.6 to 3.7) (1.4t03.4) (1.6t0 7.4) (0.9t02.7)
birth and no PNC), mis=33
Moderately low (=4 ANC 1.3 1.3 145 2.6 12.4 0.8 d
visits, no facility birth, no (0.8t0 2.1) (0.8 t0 2.2) (1.2 to 5.9) (0.4 to 1.4)
PNC), mis=44 b
Very low (2-3 ANC visits,no 1.9 1.9 14.7 2.8 12.0 1.7
facility birth, no PNC), mis=48 (1.3 to 2.8) (1.3t02.9) (1.3t06.2) (1.1t02.7)
4th lowest (1 ANC visit, no 2.2 2.2 21 _ 1.2 _ <
health facility births, no PNC), (0.7 to 6.7) (0.7t0 7.3)
mis=2
3rd lowest (no ANC, health 7.8 4.2 0.5 - 0.4 -
facility births and no PNC), 8.5t017.5) (1.6t010.9)
mis=2
Lowest (no ANC, no facility = 4.5 4.2 5.6 6.0 1.5 2.5
births and no PNC), mis=17  (2.5t0 7.8) (2.3t07.8) (2.6 to 13.6) (1.0to 6.5)
Due to non-response, proportionally (relatively random) distributed across all strata.
*Adjusted/restricted to birth weight >2500g and singleton births.
ANC, antenatal care; aOR, adjusted OR; mis, missing; PNC, postnatal care.
Arunda MO, et al. BMJ Open 2021;0:¢054136. doi:10.1136/bmjopen-2021-054136 11
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Levels of care-seeking and odds of neonatal mortality

1 lowCliupCl

10
L

8

Adjusted odds ratios (95% confidence interval (Cl))

Higher  High 3 6  3rdlowest Lowest

4 5
Levels of care-seeking

o Adjusted odds ratios

L-moﬂerale!y high, 4-moderately low, 5-very low, 6-4th lowest ‘
Figure 5 Forest plot showing adjusted ORs between
continued care-seeking behavioural classes/levels and
neonatal mortality, using Kenya and Uganda, 2014-2016
Demographic and Health Surveys data.

explains why being married did not indicate consistent
significance to care seeking.

Also, congruent with our findings, a systematic review in
Africa by Dahab and Sakellariou reported lack of women
autonomy in health decisions as major hindrance to
maternity care seeking.”* However, a study in Nepal with
a similar social setting reported that a complex balance
between a woman'’s independence in maternity decision
making and the husband’s involvement can enhance
maternity care seeking.”’ Living in rural compared with
urban areas and longer distance to the nearest health
facility largely indicated lower tendency to care seeking;
this was especially true (significant) among relatively high
care-seeking classes. However, the associations were not
statistically significant among mostly lower careseekers.
In agreement with most of our findings, two systematic
reviews also found longer distance to health facility® and
rural residency™ as factors that impede care seeking.

| u Population attributable mortality risk proportion wAttributable mortality risk proportion

{No ANC visit, no health fadlity birth, no PNC visit)

2
|

3rd lowest

| (No ANC visit, health faciy birth, no PNCvisit) 20

|

Very low
(23 ANC visits, no facility birth, no PNCvisit)

[

Moderately high
(2-3 ANC visits, Health fadlity birth, no PNCvisit)

f

ANC - Antenatal care ° I T T T O
PNC -Postnatal care Attributable risk propartions (%)

Figure 6 Attributable and population attributable neonatal
mortality risk proportion for lower categories of care seeking
in Kenya and Uganda, using Demographic and Health
Surveys 2014-2016 data.

3

Being rich did not show any significant association with
higher tendency to seek care as would be expected;
however, the use of cumulative living standard and assets
possessed to determine wealth status does not translate
to having liquid cash, readily available to support care
seeking. Further research on a valid method to deter-
mine wealth status that incorporates monetary availability
could be explored.

The farreaching impacts of maternal and sociodemo-
graphic factors on the maternal care-seeking continuum
necessitate both short-term and long-term solutions
with overarching implications for policy improvements.
The 2030 Sustainable Development Goals 4, 5 and 10,
which focus on inclusive education and gender equality
and reducing inequalities, resonate closely with most
of the recommendations emanating from our findings.
In the long term, strengthening education for all with
purposeful emphasis on maternity care seeking should
be integrated into the educational curriculum. A recent
systematic review in SSA recommended female education
as a strong enabling factor for ANC visits.”” Improving
knowledge and skills for all will inculcate women-led
maternal health decision making and create a supportive
social environment that would enhance completion of
the care-seeking continuum. In the short term, health
promotion for maternal care seeking among pregnant
or nursing mothers will improve use and consequently
greater neonatal survival.

The positive correlations between ANC and facility
birth and PNC found in figure 2 indicate that even
the first contact with health personnel can improve
continued care use, and these findings concur with other
studies.”” " The third lowest and lowest categories with no
ANC, no PNC and only facility birth in the third lowest
accounted for 76% of within-category neonatal deaths
each and a total of 7% deaths in the total population.
Even though these two lowest categories had the highest
within-category attributable mortality risks, they contrib-
uted relatively lower population attributable deaths partly
because there were rather fewer mothers in these cate-
gories. In comparison, the mothers in the very low and
moderately high categories with two to three ANC visits,
no PNC plus facility birth only in the moderately high
class accounted for relatively lower within-category deaths
each (50%); however, they accounted for more neonatal
deaths in the Kenya/Uganda population (16%) since
relatively more mothers were in this category.

Given the findings in figure 5, the results of the first
three care-seeking classes (higher, high and moderately
high) and last two classes (third lowest and lowest) seem
to corroborate theoretical expectations in the ‘hierarchy’
of consequences of inadequate care seeking. However,
the odds for neonatal mortality in class 4 (moderately
low) and class 6 (fourth lowest) were not statistically
significant for neonatal deaths as would be expected.
Notably, in table 5, the moderately low with >4 ANC visits
and no facility birth and no PNC showed significant asso-
ciation with neonatal death in Kenya but not in Uganda.
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A possible explanation would be that the quality of ANC
given in Uganda was perhaps better and protective than
that in Kenya. We could not deduce any possible expla-
nations from our findings for why the OR in the fourth
lowest compared with the highest class was not statistically
significance despite the low level of care received.

Further, in table 5, the only difference in care-seeking
between higher and moderately high categories (vs
highest class) is lack of PNC in the latter class. Thus,
the statistical significance in the odds for mortality in
the moderately high class and not in the higher class
reveals that PNC could be very protective and is critical
for neonatal survival. Our findings show that PNC is the
least attended-to component of care continuum. WHO
and other studies also agree that PNC is a crucial phase
yet most neglected part of care.” " We recommend strat-
egies that enhance PNC use in Kenya and Uganda. One
such strategy would be to emphasise PNC right from the
first ANC contact, which has not been the case. PNC
attendance existed only in the checklists for fourth ANC
visit in the focused ANC recommendations in both Kenya
and Uganda.” " This implied that majority of mothers
with less than four ANC visits got very limited information
that could induce PNC attendance. The current WHO
guidelines for eight ANC visits recommend emphasis on
continuity of care including PNC; however, it is not clear
on how PNC use would be promoted during ANC visits in
non-midwife-led continuity of care models such as Kenya
and Uganda and other LMIC if it is not clearly speciﬁed.72
The twice higher proportion of Uganda women in the
highest category than Kenya could be attributable to the
fact that Uganda’s abolition of user fees in 2001 took
place much earlier than in Kenya (2013).

Although it was not possible for our study to deter-
mine attributable mortality risks for each specific care
component, nonetheless, we can deduce that over 23% of
neonatal deaths in Kenya and Uganda could be avoided
through basic maternal and newborn care recommen-
dations prior to 2016. We can also reason that if Kenya
and Uganda would fully implement the current WHO
recommendations of eight ANC visits, it would lead to
higher rates of facility births and ensure PNC as indicated
in figure 2, then much higher proportions of neonatal
deaths would be eliminated.

For mothers with problems with distance to the nearest
health facility, strengthening, structuring and funding
the community health workers (CHWs) strategy to
engage families, community and health facilities could
help align the care-seeking continuum especially for
PNC that is currently poorly attended. The village health
workers (VHTs) in parts of Uganda, for example, have
achieved profound improvement in promoting maternal
care secking.” However, high attrition rate is a major
challenge to CHW programmes such as VHTs in Uganda
due to poor governmental support.”* Given the readily
available telephone communication in East Africa, the
integration of a mobile health (mHealth) programme
specifically for maternal care-seeking in the existing

mHealth structure in Kenya” and Uganda76 is another

viable approach. A cost-free two-way mHealth messaging
approach could facilitate follow-up, counter sociodemo-
graphic barriers and profoundly improve continued care
seeking. Engaging the CHW in this endeavour would be
feasible with minimal extra investment.

Studies in Kenya and Uganda reported increased
use of ANC and delivery services due to free maternity
policy.””” Reports evaluating impacts of free maternity
policies in Kenya and Uganda highlight increase of ANC
coverage and health facility births, but almost no mention
is made of the impact on PNC.* * Other studies have
reported that free maternity policy increased mainly
facility births.*! ® The universal health policy in Uganda
and the Linda mama strategy® in Kenya advocate for
universal access to quality maternity health services but
do not offer transportation for poor mothers or health
providers in/to remote areas, yet most mothers are
rural dwellers. Additionally, there are hidden hospital
charges due to underfunding or delayed distribution of
funds,® 4143

Another worthwhile strategy to improve continued
maternity care use among mothers would be to develop
a standard questionnaire or a protocol for estimating the
level of continued care seeking based on a brief inter-
view of the mother at first ANC visit. The results could
be used to determine the degree of follow-up that can
be employed to close the care-seeking gap. Such ques-
tionnaires have previously been used in to assess health
seeking behaviour in sexually transmitted diseases, for
example.” It could be based on identified cluster of items
including sociodemographic factors that impact care-
seeking behaviours that after prolonged testing, and vali-
dation could be shortened using factor analysis. Previous
maternity history of care-seeking continuum could also
be used to improve such a standard. Poor care-seeking
mothers can then be enrolled in a messaging list or mater-
nity mHealth programme. This can be a less-costly health
promotion strategy that could easily be integrated in ANG
set-up in low-resource healthcare settings.

Methodological considerations
The large sample size of the maternal and child data of
the latest Kenya and Uganda DHS, which are nationally
representative, allowed for valid stratified analysis for
deeper understanding of neonatal health and survival.
The study is thus externally valid and generalisable in
other similar settings. Like many cross-sectional surveys,
recall bias may not be completely eliminated from the
study. Nonetheless, by selecting the most recent live births
for analysis and because childbirth is a special occurrence
that mothers may not easily forget within a short period
of time, our findings considerably reflect the reality of
maternal care and associated neonatal survival in these
countries.

A strength to our study was the use of directed acyclic
graphs that enabled us to explicitly map the predictor—
outcome relationship for well-guided analysis and
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identification of possible confounders. Our study could
not examine other factors such as poor attitude of nurses
and lack of information on healthcare services offered,
which have been found by both quantitative and quali-
tative studies to hinder care use in LMIC countries.”” *
Another limitation to our study was that inadequate facil-
ities and drugs have also been associated with poor care
seeking, but our data did not capture these specific
aspects.” In addition, the cross-sectional survey design
of the DHS dataset does not allow collection of data on
quality of care. Our study did not incorporate factors such
as intimate partner violence (IPV), which is prevalent in
many countries. IPV is known to be associated with poor
care-seeking behaviour.*® Further studies can investigate
this.

CONCLUSION

Further multicountry large-scale population-based
research and systematic reviews could enable develop-
ment and use of a brief standard questionnaire to deter-
mine a mother’s continued care-seeking level during the
first ANC visit and use the information to close the care-
secking gaps where it is most needed. This is especially
viable in LMIC with limited health workforce. Similar
standard questionnaires have been used previously in
other areas to assess careseeking behaviour®  The
use of mHealth specifically for promoting continued
maternal care use up to postnatal can be integrated in
the existing structures. Strengthening the existing CHW
system to be an integral part of promoting continued
maternal care-secking could enhance care seeking as a
stand-alone strategy or as a component of the aforemen-
tioned suggested strategies.
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Survival patterns of neonates born to adolescent
mothers and the effect of pregnancy intentions and
marital status on newborn survival in Kenya,
Uganda, and Tanzania, 2014-2016.

Malachi Ochieng Arunda, Anette Agardh, Benedict Oppong Asamoah

Abstract

Background: Adolescent pregnancy and associated higher neonatal mortality are
major global health challenges. In low-and middle-income countries (LMIC) where
over 90 percent of the 21 million global adolescent pregnancies occurred in 2018,
half were unintended and close to a fifth experienced unsafe abortion. In Kenya,
Uganda, and Tanzania, the survival of neonates born to adolescents over time during
neonatal period and the proportion neonatal deaths contributed by adolescent
newborns to the overall neonatal deaths are unclear.

Objectives: To assess survival patterns among neonates born to adolescents and the
effect of pregnancy intentions and marital status on survival in Kenya, Uganda, and
Tanzania.

Methods: Cross-sectional survey data from demographic and health survey in
Kenya, Uganda, and Tanzania, 2014-2016 were used. Kaplan-Meier estimates were
used to determine visual patterns of newborn survival over neonatal period for
adolescent mothers compared to mothers aged 20-29 years. Cox proportion hazards
regression models were used to determine the hazard ratios for the predictors of
neonatal survival.

Findings: About 50% of pregnancies among adolescents were unintended and
neonatal mortality rate was twice higher among adolescents than mothers aged 20-
29 years (26.6 versus 12.0 deaths per 1000 live births). The median survival time
for neonatal death was 2 days for adolescent-born babies and 4 days among older
mothers. Overall, the hazard of death for all adolescent-born neonates was about 2-
folds more compared to mothers 20-29-year-old, hazard ratio (HR) 1.80 (95%CI
1.22-2.63). Among married adolescents with unintended newborn pregnancy, the
HR was 4-times higher compared to corresponding older mothers, HR 4.08(95% CI
1.62-10.31). Among married, primiparous adolescent mothers with unintended
pregancies, the the HR was 6-times higher compared to corresponding older
mothers.



Conclusion: Higher unintended pregnancy and associated neonatal deaths among
neonates born to adolescent mothers contribute substantially to preventable neonatal
deaths in East Africa Community (EAC). Our findings reassert calls for Kenya,
Uganda, and Tanzania to fully implement policy guidelines that facilitate to
continued education among female adolescents. EAC could also fund creative
efforts that capitalize on sociocultural norms to reduce adolescent pregnancy.
Enacting a regulatory policy for all adolescent obstetric care to be conducted by
high skilled personnel in well-equipped health facilities could be considered.



Introduction

Adolescent pregnancy and associated neonatal mortality are major global health
burdens (1). It is estimated that every year, 21 million pregnancies occur among
girls aged 15-19 years, of which in 2018 about 12 million gave birth (2) with the
birth rates ranging between 12 and 97 births per 1000 adolescent girls in high- and
low-income countries respectively (3). The world health organization (WHO)
estimates that in low-and middle-income countries (LMIC) where over 90 percent
of global adolescent pregnancies occur each year (1), half of them are unintended
(1, 2), many suffered miscarriages and about 3.9 million underwent unsafe abortion
(1). In 2019, 2.4 million newborns died in their first 4 weeks after birth (neonatal
period) (4), and the leading causes (risk factors) for these deaths included infections,
prematurity, and birth complications (4). Neonates born to adolescent mothers are
known to be at the highest risk for these major risk factors of neonatal deaths, as
compared to older mothers aged 20-34 (3, 5, 6). However, the proportion of deaths
among neonates born to adolescent mothers to the overall global neonatal deaths is
unclear.

In certain high income countries (HIC) such as Sweden, adolescent pregnancy is not
a major burden mainly due to constant efforts that are made to minimize sexual risky
behaviours through sexual and reproductive education and access to
contraceptives(7). In LMIC where adolescent pregnancy rates are highest, over 30%
marry before 18 years of age (3), mostly due to societal pressure, sexual coercion,
poverty, lack of access or motivation in education and early child-bearing as well as
limited knowledge and access to contraceptives (8). Child marriage is a leading risk
factor driving adolescent pregnancy (1, 8, 9) and the highest levels of these
marriages are in sub-Saharan Africa (SSA) (10). A recent meta-analysis by Kassa
et al. estimated the pooled prevalence of adolescent pregnancy in SSA with East
African countries (EA) registering among the highest prevalence (21.5%) in the
region (11) but also globally (12). Most adolescent pregnancies in SSA result in
severe health consequences, maternal and neonatal mortalities in addition to school
dropout and have far-reaching socioeconomic impacts on individuals and society
(1, 13)

In Kenya, Uganda, and Tanzania where neonatal death rates are persistently high
(14-16), very few studies have investigated neonatal survival pattern among
adolescent mothers. A 2018 study by Neal et al. in SSA including East African
countries found higher odds of neonatal deaths among adolescent girls compared to
mothers who were 20-29 years old (17). A 2021 hospital-based study in Kampala,
Uganda by Serunjogi and colleagues also found higher odds of early neonatal deaths
and other adverse outcomes among adolescent mothers as compared to mothers
aged 20-34 years (18). Another study in Morogoro region in Tanzania also found
similar results (19). However, all the studies in the East African Community



modelled neonatal death as a one-time event and no studies to our knowledge
examined the newborn survival pattern over time for adolescent mothers during the
neonatal period.

Elsewhere in southern Asia, studies have found significant higher odds of neonatal
deaths among mothers (of all ages) whose newborn pregnancy was unintended
(unwanted or mistimed) compared to intended pregnancies (20, 21), but such studies
are rare in SSA and almost none among adolescents. A 2020 study on factors
associated with unintended pregnancies among all mothers of reproductive age (15-
49 years) in SSA reviewed about 29 studies but none reported on neonatal mortality
outcomes (22). Nonetheless, WHO in 2019 citing Darroch et al. reported that full
avoidance of unintended pregnancy through contraceptives and full provision of
maternal and newborn care would reduce global neonatal deaths by 80% per year
(23, 24). Marital status (single motherhood), also known to be a determinant of
neonatal survival (25), has not been adequately investigated among adolescents in
SSA. This study aims to examine neonatal survival pattern among adolescent
mothers and the effect of pregnancy intentions and marital status on mortality in
Kenya, Uganda, and Tanzania. The findings may highlight aspects of neonatal
survival among adolescents that could have implications for prioritization and
allocation of sexual and reproductive health resources to effectively reduce
adolescent pregnancy and overall neonatal mortality in the three East Africa
countries.

Methods

Study setting

Kenya, Uganda and Tanzania are the 3 most populated countries in the East African
Community with an estimated total population of 140 million and sex ratio of about
1:1. Over 70% of the population live in rural areas with farming as their main
economic activity (26-28). Adolescents aged 15-19 years constitute about 20% of
the total population in EA and about half (15 million) are girls (29-31). The
prevalence of adolescent pregnancy in East Africa is about 21 percent (11).

Data source and study design

Pooled nationally representative demographic and health survey (DHS) data from
Kenya (2014), Uganda and Tanzania (2015-2016) were used. DHS collects
nationwide reproductive data using a cross-sectional design. Data for the most
recent live-born, singleton neonates born to adolescent mothers, 15-19 years old was



used. For comparison, corresponding mothers 20-29 years old were also included in
the study data and used as a reference. We utilized data for 18,248 neonates born
within five years preceding the commencement of DHS data collection. We sent a
written request to the DHS secretariat and obtained permission to use the datasets.
The measure DHS has been mandated by host countries to collect health data for
purposes of research to improve maternal and newborn health. DHS obtained ethical
consent from all participants and the ethical approvals from the country review
boards. Participant’s anonymity is fully upheld, and participants were made aware
that they can quit the interviews at any point in the data collection process. More
details on DHS survey instruments and methodology can be obtained from
https://dhsprogram.com/methodology/Survey-Types/DHS-Methodology.cfm

Study variables

Outcome and predictor variables

Neonatal mortality (newborn death within 28 days after birth) was the outcome
variable. Maternal adolescents aged 15-19 years old was the predictor variable with
the older mothers aged 20-29 years old as the reference age group. Stratified models
were used to determine the effects of marital status and pregnancy intentions on
neonatal survival for adolescent mothers as compared to the corresponding mothers
in the older age-group.

Explanatory variables

These constituted confounding variables that have been associated with either
adolescent pregnancy or neonatal mortality and morbidity. They included
sociodemographic factors as well as maternal health care and newborn factors.
Maternal education level is known to influence neonatal survival (32). This was
dichotomized into no education/primary and secondary/higher education. Poor
economic (wealth) status has also been linked to neonatal mortality (33), this was
categorized into poor, middle and rich. The wealth status was computed based on
living standards considering family assets and access to water and sanitation
facilities. Place of residence, particularly rural (remote) and urban slum residency
has also been associated with neonatal deaths compared to urban non-slum areas
(34, 35). Place of residence was categorized as rural and urban. Sex of child (36)
was categorized as male or female and low birthweight categorized as yes (<2500g)
and no (=2500g) (37). As part of the study objectives, marital status and pregnancy
intentions were also hypothesized to impact neonatal survival among adolescent
mothers. Pregnancy intention was grouped as intended or unintended. These were
further dichotomized into married if currently married and single if never married
or divorced/separate or widowed. Antenatal-and postnatal - care visits and health



facility delivery are known to reduce the risk of neonatal morbidity and death (38,
39); these were also adjusted for in the analysis model according to the WHO
recommendations that applied at the time of data collection. Additionally, other
variables associated with adolescent pregnancy, i.e. use/access to and decision
making for use of modern contraceptives (40, 41) and age at first sexual intercourse
were also included in the study (42).

Data analysis

The Kaplan-Meier method was used to estimate the visual pattern of survival of
neonates during 28 days after birth. The survival time was right censored. Log-rank
method was used to assess the equality of the survival curves. Multivariate analysis
was conducted using cox proportion hazards regression models to assess the hazard
of death among neonates born to adolescents versus neonates born to mothers 20-
29 years old, while adjusting for other risk factors. Stratified analyses by marital
status and newborn pregnancy intentions were also executed. Both crude and
adjusted hazard ratios were obtained at 95% confidence interval (95% CI). The
proportional hazard assumptions were assessed using both global test and the log-
log transformation to the survival function. We also used chi square to examine the
distribution of sociodemographic, maternal, and newborn variables between
adolescent mothers 15-19 years old and mothers aged 20-29 years, at significance
level, p <0.05. We utilized Stata analytical software version 16 (College Station,
TX: Stata Press).

Results

Table 1 below indicates that about 50% of all adolescent mothers had their first
sexual encounter at 15 years old or below compared to 28% among older mothers,
20-29 years old. Despite having over 63% of adolescent mothers being married,
about half of all pregnancies among adolescents were unintended and over 73% of
unmarried (single) adolescents had unintended pregnancy. More than three-quarters
(76.5%) of adolescent mothers in Kenya, Uganda and Tanzania live in rural areas
as compared to 69% of older mothers.

Table 2 shows the distribution of study variables by censored and neonatal
mortality. The neonatal mortality rate (NMR) was two times higher (26.6 versus
12.0 deaths per 1000 live births) among adolescents than among older mothers.
Newborn sex, antenatal care visits, postnatal care visits, wealth status, parity and
marital status indicated association with neonatal survival status (P <0.05) across
these sub-populations.



Figure 1 (a-b) below are Kaplan Meier survival curves showing a statistically
significant (log rank, chi square (one degree of freedom), X*(1) =13.27, P=0.0003)
difference in neonatal survival by maternal age, for neonates born to adolescent
mothers compared to those born to mothers, 20-29 years old.

Similar below, are Figure 2 (a-d), Figure 3 (e-h) and Table 3, showing that survival
time associated with neonatal deaths was significantly shorter for adolescent
mothers than corresponding older mothers for all stratified analysis except among
single (unmarried) mothers (P=0.4939), irrespective of their pregnancy intentions.
However, the number of mothers in the unmarried category was relatively very
small.

Table 3 shows the log rank estimates of the neonatal survival functions for
adolescent mothers and mothers 20-29 years old, both overall and stratified by
marital status or pregnancy intentions or both. It indicates significantly shorter time-
to-death for neonates born to adolescent mothers. Further stratification by marital
status or pregnancy intentions shows similar findings, for married mothers
(P=0.0007) and for mothers who had (P=0.0001) or did not have (P=0.0035)
intentions for the newborn pregnancies.

Table 4 presents the findings from cox proportional hazard regression model
showing overall hazard ratios (HR) for neonatal mortality among adolescent
mothers compared to mothers, 20-29 years old. In model 1, when adjusted for
sociodemographic factors and sex of the newborn, adjusted hazard ratio (aHR) for
neonatal death among adolescents was almost twice higher, i.e., aHR 1.80 (95% CI
1.22-2.63). Additional adjustments for antenatal care, place of birth and postnatal
care also generated a statistically significant HR, i.e., aHR 1.78(95%CI 1.20-2.64).
The results also show that being a female newborn, having more than 4 ANC visits
and at least one PNC visits during first 28 days after birth were protective while
LBW was associated with higher hazard of death among adolescent-born neonates.

Test for proportional-hazards assumption

The p-value global Schoenfeld test was 0.4128, not statistically significant and the
graphical representation in Figure 2 is the log-log transformation to the overall
survival function, the two curves for the two age-groups of mothers are roughly
parallel without meeting or intersecting. both the non-statistically significance p-
value of the global test and the roughly parallel curves of the log-log transformation
indicate that the proportion hazard assumption is satisfied.

Table 5. shows adjusted hazard ratios for neonates born to adolescents versus
neonates born to mothers, 20-29 years old, stratified by marital status or pregnancy
intentions. The aHR for neonatal deaths among adolescents was more than 2-folds



higher compared to those born to older mothers, among all married mothers versus
unmarried, aHR 2.20(95% CI 1.37-3.52) and among all adolescent mothers whose
pregnancy was intended, aHR 2.84 (1.67-4.81) or unintended, aHR 2.51(1.32-4.79).
The aHR among the unmarried was not statistically significant, aHR 1.13(95%CI
0.59-2.27)

In Table 6, further stratification by combined marital status and newborn pregnancy
intentions indicate a 4-fold higher hazard of neonatal deaths for married adolescent
mothers whose pregnancy was unintended, aHR 4.08(95% CI 1.62-10.31),
compared to corresponding older mothers aged 20-29 years. HR among married
adolescent mothers whose pregnancy was intended was about 3 times higher
compared to their older counterparts, aHR 2.86 (95% CI 1.55-5.26). However, HR
were higher but not statistically significant among unmarried adolescent mothers
with or without pregnancy intentions.

Discussion

Overall, after adjusting for confounders, the hazard of death among neonates born
to adolescents was 1.8 times higher compared to those born to mothers 20-29 years
old and over 50% of adolescent pregnancies were unintended. Considering only
mothers who had unintended pregnancies, the hazard of neonatal deaths among
adolescents was over 2.5-fold higher than in older mothers. The highest (4-fold)
hazard of neonatal-death was among adolescents from unintended pregnancies in
marital union. Insufficient data hindered further comparative analysis among
unmarried mothers.

Our overall findings for hazard of mortality among neonates born to adolescent
mothers is comparable to recent findings of a study conducted in 45 LMIC by Neal
et al. that found adjusted odds of neonatal death of 1.2 to 1.6 among adolescents
compared to older mothers. Other recent studies in China (5), Uganda (18), Canada
(43) and a 2020 systematic review in high income countries (44) also reported
comparable similar odds of neonatal deaths. Further, the United States 2020 national
report indicated highest NMR among adolescents mothers (45) and we also found
twice higher NMR among teenage mothers compared to mothers 20-29 years old
(26.6 versus 12.0 deaths per 1000 live births). Adolescent pregnancy and associated
higher neonatal mortality as well as maternal deaths are more prevalent in LMIC,
although they are global health burdens affecting even certain high-income
countries (46, 47). Whereas the focus should be geared towards interventions that
prevent adolescent pregnancies, nonetheless, for every pregnant adolescent in
Kenya, Uganda and Tanzania, antenatal and postnatal care and childbirth ought to
be handled with a sense of high-risk status that necessitates emergency preparedness
at all stages of care and in all maternity centers.



In contrast, a study in rural Nepal found no significant difference in neonatal
mortality among adolescent mothers compared to mothers 20-24 years old after
adjusting for a range of variables including birthweight and preterm births (48). The
study however found much higher NMR associated with LBW and preterm births
among adolescent mothers than mothers 20-24 years old (48). Although our study
could not examine possible physiological pathways leading to higher neonatal
deaths among adolescents, we found higher hazard of neonatal deaths among
adolescents even after adjusting for birthweight. Nevertheless, a 2021 Lancet study
of a population-based cohort in England found that younger mother (age<20 years)
and older mothers (age>37 years) had lowest birthweight newborns (49). The study
also found LBW newborns were prevalent in deprived areas indicating that
undernutrition as well as adolescent age and much older maternal age are pathways
to LBW. Two current systematic reviews also reported that LBW is common among
adolescents and is associated with neonatal deaths (50, 51). However, LBW and
preterm are known to be leading causes of neonatal deaths in south Asia and sub-
Saharan Africa (37); thus, this largely explains the lower survival rate of neonates
born to adolescents in our study. Preconception interventions aimed to reduce risky
sexual behaviours during pre-pregnancy as suggested by Schmidt et al (52) and
ensuring all adolescent births occur in a well-equipped health facility could be
policy-enforced in East Africa. Additionally, adequate care preparations for LBW
newborns such as artificial respirators, kangaroo mother care (KMC),
thermoregulators and nutritional necessities could be availed for all adolescent
childbirths (53). Furthermore, programs to improve parental efficacy during
neonatal period could be considered for adolescent mothers in the three East African
countries (54).

Our findings highlight the complexity of the challenge to reduce preventable
neonatal deaths in East Africa. In order to achieve agenda 2030, target 3.2 that aims
to lower NMR to 12 per 1000 live births (55), focus on adolescents will have to be
highly prioritized in East Africa. With 21% teen pregnancy prevalence and close to
27 deaths per 1000 live births in Kenya, Uganda and Tanzania (11), neonates born
to adolescents contribute a substantial proportion of total neonatal deaths.
Preventing these deaths requires much more than just access to obstetric healthcare
services. Adolescent age is a critical developmental stage, biologically, socially(47)
and mentally (49). Over half of adolescents in our study had unintended pregnancy
and in our stratified findings among married mothers, the hazard of death doubled
to 4-folds for neonates born to adolescents from unintended pregnancies. Further,
80% of our sample were married and while studies reveal that the number one cause
of adolescent pregnancy is marriage (1, 8, 9, 11), it is also very plausible to
hypothesize from our findings that unintended pregnancy is a major risk factor for
adolescent marriage. A study reported that unlike south Asia where adolescent
marriages are planned in advance, in SSA (56), unintended pregnancy precede



“unplanned” adolescent marriages (56, 57). Consequently in SSA, adolescent
marriages are prone to school dropout, poverty (58), HIV infections (59), intimate
partner violence (60, 61), and associated negative mental health impacts (62) that in
turn lead to poor neonatal outcomes (63). Studies among all mothers of reproductive
age indicate that unintended pregnancy is a risk factor for neonatal death and poor
utilization of obstetric health services (20, 21). In Brazil a study found that
adolescent age was a risk factor for LBW ( leading to lower survival rate) only
among mothers without partners (64)

Efforts to reduce adolescent pregnancies in East Africa have not yielded any marked
outcomes in recent years. The Uganda adolescent health policy of 2004 had its target
to halve the proportion of women bearing a child before 20 years of age to 31% and
by 2015 over 51% of women still had their first-born before 20 years of age (65).
Similar statistics are reported in Kenya (66) and Tanzania (67). The challenge seems
to be implementation of the guidelines. In Uganda, the revised 2020 guidelines for
prevention of teenage pregnancy in schools provide a comprehensive outline of the
roles of key actors (68). In Kenya, the national adolescent sexual and reproductive
health policy has detailed a multisectoral approach (69). In Tanzania, the national
adolescent strategy outlines a comprehensive action plan for 2018-2022(70). The
need to effectively implement the sexual and reproductive education proposed by
all the three guidelines cannot be overemphasized and sociocultural norms
highlighted as a major hindrance cannot be underestimated. Our findings provide a
vital rationale to synergize advocacy efforts at both national level and in the East
African community to enable reduction of adolescent pregnancy and related
neonatal deaths. Creative efforts to penetrate and highlight sociocultural norms that
promote education among adolescent girls and discourage unfavorable norms to
maximize protective effects of girl education ought to be fostered and funded.
Although many policies exist in East Africa, sexual and reproductive health and
rights education (SRHR) is not practically emphasized in most schools except for
sexual and reproductive physiology and HIV prevention(71-74). With the high
levels of unintended pregnancies and adolescent marriage, we suggest that well
instituted, regular and expert guided SRHR talks with parents and adolescents be
continuously conducted in communities and schools to raise awareness. Training
and engaging local, youthful role models as health educators would ensure
sustainability.

Methodological considerations

Our large dataset combining three nationally representative data enable plausible
analysis and valid findings for the three of the most populated East African countries
where few to no population-based studies have been conducted on survival pattern
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among adolescent-born neonates. The retrospective nature of the cross-sectional
data collection of the DHS could have been affected by recall bias. Another
limitation to our study is that the high numbers of abortions among adolescents in
East Africa that could have resulted into live births and could have been captured
our analysis but were not thus giving rise to the possibility of underestimation in our
results. Further research could examine unsafe abortions and stillbirths that could
be avoided among adolescents if access to contraceptives was provided during pre-
pregnancy in EA. Furthermore, high maternal deaths among adolescent mothers,
including related to unsafe abortion could have underestimated the hazards found in
this study.

Conclusion

High prevalence child marriage and unintended pregnancy associated with much
lower neonatal survival rate among adolescents in EA contribute significantly to the
overall neonatal deaths in East Africa. This is a key rationale to fully support
implementation of adolescent policy guidelines and fund creative -efforts
capitalizing on sociocultural norms aimed at reducing adolescent pregnancy. A
regulatory policy requiring all adolescent antenatal and postnatal care and childbirth
to be conducted by skilled personnel in a well-equipped health facility could be
considered in Kenya, Uganda, and Tanzania.
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Tables and figures

Table 1. Distribution of study variables by adolescent mothers (<19 years old) and mothers 20-29 years old, in
Kenya, Uganda and Tanzania, 2014-2016.

Variables 15-19 years, N=2255 20-29 years, N=15993 P value
n (%) n (%) 95%Cl

Marital status

Single 821(36.5) 2730(17.3) 0.001

Married 1427(63.5) 13088(82.7)

Newborn pregnancy intended

Intended 884 (49.6) 7534(62.8) 0.001

Unintended 898(50.4) 4461(37.2)

(unwanted/mistimed)
Education level

No education 178(7.9) 2209(14.7) 0.001
Primary/secondary or higher 2070(92.1) 12827(85.3)
education

Place of residence

Urban 530(25.5) 4890(30.6) 0.001
Rural 1725(76.5) 11103(69.4)

Wealth Status

Poor 1217(54.0) 7275(45.5) 0.001
Middle 445(19.7) 2905(18.2)

Rich 593(26.3) 5813(36.4)

Decision maker for using contraceptives

Mainly respondent 1031(24.1) 61(18.5) 0.02
Mainly husband/ partner, others 350(8.2) 39(11.8)

Joint decision 2894(67.7) 230(69.7)

Modern contraceptive use

Yes 464(20.6) 4684(29.3) 0.001
No 1791(79.4) 11309(70.7)

Age at first sexual encounter

<15 years 1176(52.2) 4543(28.4) 0.001
16-18 years 909(40.3) 6401(40.0)

19-28 years 5(0.2) 2864(17.9)

At first union 165(7.3) 2185(13.7)

Parity

Primiparous 964(42.8) 10563(66.0) 0.001
Multiparous (=1) 1291 (57.2) 5430(34.0)

Cl — Confidence interval. Primiparous - first time mothers, Multiparous — Given birth at least once previously




Table 2: Distribution of study variables by neonatal survival status among adolescents and mothers aged 20-29 years
in Kenya, Uganda and Tanzania, 2014-2016.

Censored Died P value (95%Cl)
Maternal age
2Adolescents,15-19 2160(12.2) 59(23.8) 0.001
years
b20-29 years 15616(87.8) 189(76.2)
Marital Status
Single (unmarried) 3443(19.6) 60(24.7) 0.046
Married 14159(80.4) 183(75.3)
Newborn pregnancy intentions
Intended 8173(61.0) 126(64.3) 0.345
Unintended 5231(39.0) 70(35.7)
Place of residence
Rural 12504(70.3) 175(70.6) 0.939
Urban 5272(29.7) 73(29.4)
Education level
No or primary education 12485(70.2) 181(73.0) 0.347
Secondary or higher 5291(29.8) 67(27.0)
Wealth status
Poor 8287(46.6) 112(45.2) 0.042
Middle 3236(18.2) 60(24.2)
Rich 6253(35.2) 76(30.7)
Sex of newborn
Male 9084(51.1) 150(60.5) 0.003
Female 8692(48.9) 98(39.5)
ANC visits
<4 7770 (43.9) 138(55.7) 0.001
24 9945(56.1) 110(44.4)
Place of delivery
Home 5512(31.0) 69(28.0) 0.315
Health facility 12251(69.0) 177(72.0)
PNC visit within 28 days after birth
Yes 4424(26.0) 29(11.7) 0.001
No 12595(74.0) 219(88.3)
Low birthweight
Yes 1989(12.7) 62 (29.7) 0.001
No 13685(87.3) 147(70.3)
Parity
Primiparous 11273 (63.4) 92(37.1) 0.001
Multiparous (21) 6503(36.6) 155 (62.9)
2Neonatal mortality rate (NMR)=26.6 per 1000 live LBW — Low birthweight.
births NBW -Normal birthweight. Cl-Confidence interval
®Neonatal mortality rate (NMR)=12.0 per 1000 live Primiparous — first time mothers, Multiparous — Given birth
births at least once previously
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Kaplan-Meier survival estimates
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Figure 1 a-b. Kaplan-Meier survival functions for neonates born to adolescent mothers (<
<19 years old) and those born to mothers aged 20-29 years in Kenya, Uganda and Tanzania, 2014-2016.
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Figure 2 a-d. Kaplan-Meier survival curves by maternal age-group, stratified by marital status, (a)-(b) or Pregnancy

intentions (c)-(d)
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Figure 3 a-d. Kaplan-Meier survival curves by maternal age-group, stratified by marital status and Pregnancy
intentions for adolescent-born neonates versus neonates born to mothers 20-29 years old in Kenya, Uganda and

Tanzania, 2014-2016.
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Table 3. Log rank estimates of neonatal survival functions between adolescent mothers and mothers 20-29 years old
in Kenya, Uganda and Tanzania, 2014-2016, overall and stratified by marital status and/or Pregnancy intentions and

parity.
Groups and Adolescents 15-19 years old Mothers, 20-29 years Log rank, P
subgroups Total number  Deaths Total number of Deaths values (95%

of live births live births Cl)

Overall 2219 59 15805 189 0.0003
Marital status
Married 1401 37 12941 146 0.0007
Single (Unmarried) 812 21 2691 39 0.4939
Newborn pregnancy
intentions
Intended 864 31 7435 95 0.001
Unintended 884 24 4417 46 0.0035
Marital status and
Pregnancy intentions
Married and pregnancy 696 24 6409 79 0.0008
was intended
Married and pregnancy 419 12 3266 27 0.0008
was unintended
Single (Unmarried) and 167 6 952 14 0.1897
pregnancy was intended
Single and pregnancy was 463 12 1110 19 0.7940
unintended
Parity
Primiparous 940 19 10425 73 0.001
Multiparous (=1) 1279 40 5380 116 0.039

Cl-confidence interval. Primiparous — first time mothers, Multiparous — Given birth at least once

previously
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Table 4: Cox proportion hazards regression models showing hazard of death for neonates born to adolescents
compared to those born to mothers, 20-29 years old in Kenya, Uganda, and Tanzania, 2014-2016.

Model 1*(95%Cl) Model 2 (95%Cl) Model 3 (95%Cl)

Variable Unadjusted HR aHR* aHR** aHR**
Adolescent (<19 1.98(1.36-2.87) 1.80(1.22-2.63) 1.78(1.20-2.64) 1.86(1.06-3.29)
years)

20-29 years old 1.00 1.00 1.00 1.00

Place of residence

Rural 0.90(0.64-1.24) 0.98(0.69-1.41) 0.93(0.65-1.34) 0.82(0.49-1.38)
Urban 1.00 1.00 1.00 1.00
Education level

No or primary 1.32(1.00-1.72) 1.15(0.79-1.66) 1.10(0.76-1.60) 0.70(0.42-1.16)
education

Secondary or higher 1.00 1.00 1.00 1.00

Wealth status

Poor 0.97(0.70-1.34) 0.75(0.53-1.07) 0.70(0.49-1.00) 0.75(0.43-1.30)
Middle and rich 1.00 1.00 1.00 1.00

Marital status

Single/unmarried 1.57(1.11-2.22) 1.41(0.98-2.01) 1.41(0.98-2.02) —

Married 1.00 1.00 1.00 —

Newborn pregnancy intended*

Unintended 0.85(0.65-1.11) 0.75(0.52-1.10) 0.72(0.49-1.05) —

Intended 1.00 1.00 1.00 —

Antenatal care (ANC) visits

<4 1.45(1.06-1.97) 1.40(1.02-1.93) 1.73(1.08-2.77)
24 1.00 1.00 1.00

Place of delivery

Home 0.94(0.67-1.32) 1.01(0.70-1.46) 0.74(0.29-1.85)
Health facility 1.00 1.00 1.00

Postnatal care (PNC) visit(s) within 28 days after birth

No 1.76(1.16-2.66) 1.69(1.11-2.56) 2.78(1.49-5.20)
Yes 1.00 1.00 1.00

Sex of child

Female 0.69(0.49-0.92) 0.67(0.49-0.93) 0.66(0.48-0.91) 0.58(0.34-0.95)
Male 1.00 1.00 1.00 1.00

Low birthweight

Yes 3.57(2.49-5.14) 4.43(2.76-7.11)
No 1.00

Model 1. Adjusted for sociodemographic factors, pregnancy intentions and sex of child

Model 2. Adjusted for all model 1 covariates and ANC, PNC, and Place of delivery

Model 3. Adjusted for all covariates in model 1 and model 2 (except marital status and pregnancy intentions) and
low birthweight

*Marital status was used to determine HR in all models 1 and 2 in the absence of “Newborn pregnancy intended”
variable and newborn pregnancy intended was added to the model in the absence of variable “Marital status” due
to collinearity

Bolded results are statistically significant (95 % confidence interval (Cl)). LBW — low birthweight, NBW
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Figure 4. Graphical assessment of proportional-hazards assumption

Table 5. Adjusted hazard ratios (aHR)* for neonatal mortality among adolescent mothers compared to mothers, 20-29
years old in Kenya, Uganda, and Tanzania, 2014-2016, stratified by marital status or fpregnancy intentions.

Variable Model 1, aHR Model 2, aHR Model 3, aHR Model 4, aHR
Adolescent 2.20 (1.37-3.52) 1.13(0.59-2.27) 2.84(1.67-4.81) 2.51(1.32-4.79)
mothers, <

19 years old

Mothers, 20-29 1.00 1.00 1.00 1.00

years old

Model 1- Among married mothers Model 3-Neonates from intended pregnancy
Model 2- Among unmarried mothers Model 4-Neonates from unintended pregnancy

*Adjusted for sociodemographic factors and maternal care variables (antenatal and postnatal attendance and
place of delivery and PNC)

TWhether or not the neonate pregnancy was intended. LBW was not adjusted for due to insufficient data in various
strata.
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Table 6. Adjusted hazard ratios (aHR)* for neonatal mortality among adolescent mothers compared to mothers, 20-29
years old in Kenya, Uganda, and Tanzania, 2014-2016, stratified by marital status and fpregnancy intentions, both
overall and among primi-and multi-parous mothers.

Overall

Variable Model 1, AHR Model 2, AHR Model 3, AHR** Model 4, AHR**
Adolescent 2.86 4.08 1.89 1.13

mothers, 15-19 (1.55-5.26) (1.62-10.31) (0.59-6.08) (0.46-2.80)
years old

Mothers, 20-29 1.00 1.00 1.00 1.00

years old

Among primiparous only (First time mothers)

Adolescent 4.32 6.48 - 1.56

mothers, < (1.41-13.27) (1.37-30.71) (0.39-6.09)

19 years old

Mothers, 20-29 1.00 1.00 - 1.00

years old

Among multiparous only (Given birth at least once previously)

Adolescent 1.84 2.43 - 0.63

mothers, < (0.89-3.80) (0.75-7.98) (0.19-2.11)

19 years old

Mothers, 20-29 1.00 1.00 - 1.00

years old

Model 1- Among married mothers and newborn from intended Model 3- Among unmarried mothers and
pregnancy newborn from intended pregnancy
Model 2- Among married mothers and newborn from Model 4- Among unmarried mothers and
unintended pregnancy newborn was unintended pregnancy

*Adjusted for sociodemographic factors and maternal care variables (antenatal and postnatal attendance and
place of delivery)

TWhether or not the neonate pregnancy was intended. Birth weight was not adjusted for due to insufficient data in
the various strata.

** Insufficient mortality data among unmarried (single) mothers with intended pregnancies hindered plausible
analysis
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