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Abstract

The impact of the quality of prenatal care on child mortality outcomes has received less attention in

sub-Saharan Africa. This study endeavoured to explore the effect of the quality of prenatal care and

its individual components on neonatal, infant and under-five mortality. The empirical analysis uses

data from the three most recent waves of the nationally representative Demographic and Health

Survey for Zimbabwe conducted in 1999, 2005/06 and 2010/11. The results indicate that a one-unit in-

crease in the quality of prenatal care lowers the prospect of neonatal, infant and under-five mortality

by approximately 42.33, 30.86 and 28.65%, respectively. These findings remained roughly the same

even after adjusting for potential mediating factors. Examining the effect of individual prenatal care

components on child mortality revealed that women who receive information on possible complica-

tions arising during pregnancy are less liable to experience a neonatal death. Similarly, women who

had blood pressure checks and tetanus immunizations were less likely to experience an infant or

under-five death. We did not find any statistically meaningful impact on child mortality outcomes of

blood and urine sample checks, iron tablet consumption, and the receipt of malarial tablets. Overall,

our results suggest the need for public health policymakers to focus on ensuring high-quality pre-

natal care to enhance the survival prospects of Zimbabwe’s infants.
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Key Messages

• This study found that a one-unit increase in the quality of prenatal care lowers the plausibility of neonatal, infant and

under-five mortality by approximately 42.33, 30.86 and 28.65%, respectively.
• Women who receive information regarding the possible complications arising during pregnancy are less liable to experi-

ence a neonatal death.
• Having blood pressure checks and tetanus immunizations during pregnancy helps to reduce the prospect of infant and

under-five mortality.
• Overall, our results suggest the need for public health decision makers in Zimbabwe to focus on ensuring high-quality

prenatal care to enhance the survival prospects of Zimbabwe’s infants.
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Introduction

Previous research suggests that women seeking prenatal care during

pregnancy are more likely to give birth to healthier babies and less li-

able to experience child deaths (Gajate-Garrido 2013; Habibov and

Fan 2011, Liu 1998, Maitra 2004, Mwabu 2009, Wehby et al.

2009b). Much of the noted literature has focused on explaining this

important connection especially in highly industrialized countries

(Alexander and Korenbrot 1995, Conway and Kutinova 2006,

Evans and Lien 2005, Liu 1998, Noonan et al. 2013, Reichman

et al. 2009, Rosenzweig and Schultz 1983). However, the question

of whether a causal relationship exists between prenatal care quality

and child health is still an object of empirical research particularly in

developing countries where only recently research has started to

emerge (Awiti 2014, Gajate-Garrido 2013, Mwabu 2009).

Prenatal care is the medical attention received by women from

the time of conception up to but excluding the time for labour and

delivery (Harris 1982). A clear understanding of the vital link be-

tween prenatal care quality and child health outcomes is of particu-

lar importance to Zimbabwe, a country currently experiencing one

of the worst infant and child health outcomes in sub-Saharan Africa

(SSA) (WHO 2015). The designing of appropriate public health pol-

icies targeted at reducing mortality rates for children requires infor-

mation on the effectiveness of prenatal care quality on infant

mortality outcomes. Moreover, healthcare planners, policymakers,

and other stakeholders will likely be interested in knowing whether

it is the quality or the frequency of prenatal care that is relatively

important in improving child health outcomes. This information is

particularly useful in aiding decision making both in the short and

long-run periods in the designing of cost-effective public health poli-

cies (Morris et al. 2007).

Health economics literature suggests numerous channels through

which prenatal care might positively influence infant and child

health outcomes. First, the behavioural education that women re-

ceive helps to discourage unhealthy behaviours such as smoking and

drinking alcohol during pregnancy. Second, the various nutritional

intake advice women receive during pregnancy contribute to im-

proving their dietary habits and consequently the health of their un-

born child. Third, women benefit from the parental advice they

receive during prenatal care which helps to prepare them for

motherhood. Lastly, previous studies have established that women

who seek prenatal care are less liable to give birth to low birthweight

babies (Alexander and Korenbrot 1995) and less likely to terminate

their pregnancy (Lincetto et al. 2006). Low birth weight has long

been widely regarded as a measure of early health and a prominent

risk factor for mortality in children as well as an essential marker

for consequent morbidity for surviving children (Chatterji et al.

2014, Martinson and Reichman 2016, Noonan et al. 2007).

While the connection between prenatal care and child health out-

comes has received lots of attention in highly industrialized coun-

tries (Behrman and Rosenzweig 2004, Conway and Kutinova 2006,

Joyce and Grossman 1990, Reichman et al. 2009, Rosenzweig and

Schultz 1983), research for developing countries is surprisingly

scarce. It is in the latter countries that child health outcomes have

persistently remained unsatisfactory and yet empirical research still,

lags behind (Makate and Makate 2016a, Obasola et al. 2015,

UNICEF 2015). For instance, the under-five mortality rate in the

SSA region stood at 83 deaths per 1,000 live births in 2015 com-

pared to 7 deaths per 1,000 live births in the United States in 2015

(UNICEF 2015). This difference implies that child mortality rates in

SSA are nearly 12 times higher than they are in developed countries

like the United States. Existing studies for developing countries

mainly focus on the impact of prenatal care on early child health as

measured at birth (birth weight) (Awiti 2014, Celik and Younis

2007, Habibov and Fan 2011, Maitra 2004, Mwabu 2009, Todd

Jewell and Triunfo 2006). Except for the study by Maitra (2004) for

India and Panis and Lillard (1994) for Malaysia, all the mentioned

studies for developing countries focus on the impact of prenatal care

on child’s birth weight. An understanding of the connection between

the quality of fetal care and child health outcomes beyond those

observed at birth is of significant interest to health practitioners and

public health policymakers in developing countries.

Against this background, the primary focus of this study is on

examining the impact of prenatal care quality on the prospect that a

child dies within the first 28 days of life (neonatal mortality), first

12 months (infant mortality) and first five years of life (under-five

mortality) in Zimbabwe. There are a few reasons why we should be

focusing on examining the effects of prenatal care quality on mortal-

ity outcomes for children in Zimbabwe. First, Zimbabwe still has

one of the highest mortality rates for children in SSA and the world

(UNICEF 2015, WHO 2015). A cursory examination of the official

mortality estimates reveals that the under-five death proportions in

Zimbabwe (71 deaths per 1,000 live births) were nearly 1.18 times

above the overall under-five mortality target for the SSA region of

60 deaths per 1,000 live births in 2015 (UNICEF 2015). Second, lit-

tle is known about the effect of prenatal care quality on juvenile

mortality outcomes in regions with high infant and under-five mor-

tality rates such as in SSA. Lastly, recent survey data for Zimbabwe

reveals that nearly 90% or more of pregnant women receive some

form of prenatal care during pregnancy, and yet the country con-

tinues to witness unacceptably high and worsening child mortality

rates (ZIMSTAT 2012). The coexistence of high antenatal care util-

ization and child death rates have prompted us to inquire about the

important role played by the quality of received prenatal care on

mortality outcomes.

Despite the importance of the subject matter, there is surprisingly

limited information concerning the role of antenatal care quality on

child mortality outcomes in developing countries. This study adds to

the current discussions in low-income countries on the effects of pre-

natal care on child health outcomes by evaluating the effectiveness

of the quality of prenatal care and its components on neonatal, in-

fant and under-five mortality in Zimbabwe. To the best of our

knowledge, this is the first study for Zimbabwe that attempts to

examine the critical role played by the quality of prenatal care on

child survival in high mortality settings.

Background

Zimbabwe is a landlocked country established in central southern

Africa sharing borders with Mozambique, Botswana, Namibia, South

Africa, and Zambia. Following its independence in 1980, the

Zimbabwe government headed by Robert Mugabe inherited an argu-

ably fragmented health system which was principally urban-centric

and biased towards therapeutic health services (Chinemana and

Sanders 1993, Loewenson et al. 1991). Post-independence policies

were targeted at correcting any pre-independence inequities in access

to medical health services (Bassett et al. 1997). Thus, achieving the

goal of equity meant an increase in health expenditures and expansion

in primary health care centres through the implementation of the

Primary Health Care (PHC) approach in 1980 (Bassett et al. 1997).

One of the central goals of the PHC approach was to improve mater-

nal and neonatal health. Achieving these goals meant (i) the imple-

mentation of a comprehensive and well supported antenatal and
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postnatal care program; (ii) the adoption of a national expanded pro-

gram on immunization; and (iii) the use of village health workers to

monitor the health of children at the community level. By 1989, the

number of medical centers and clinics in rural areas had risen from

247 in 1980 to 1,062. The increase in health facilities improved access

to sanitary facilities such that nearly 85% of the population was living

within proximity of health centers (8–10 km). The improved access to

sanitary services coincided with significant reductions in infant mor-

tality by nearly half from 100 to 50 deaths per 1,000 live births be-

tween 1980 and 1990. The combined impact of the PHC initiatives

coupled with the setting-up of the Child Survival Foundation in 1983

contributed to the reductions in under-five mortality from 104 to 75

deaths per 1,000 live births in 1978/82 and 1983/88 periods, respect-

ively (MoHCW TMoHaCWoZ 2010).

In 1991, Zimbabwe implemented the Economic and Structural

Adjustment Programme (ESAP) which was a package of economic

reforms that included the reduction of social expenditures, devalu-

ation of the local currency, trade liberalization and the enforcement

of health user fees (Bijlmakers et al. 1995). The ESAP period saw a

reduction in economic growth which shifted the focus from equity

to cost recovery and efficiency (Bassett et al. 1997). However, some

of the gains in maternal and child health have been reversed by the

ravaging effects of the acquired immuno-deficiency syndrome

(AIDS), chronic droughts, the economic crisis over the past decade

or so, outmigration of skilled health personnel, and a deterioration

in the quality of health infrastructure (ZIMSTAT 2010). Building on

the agreements and objectives of various regional and international

conferences that seek to promote maternal and child well-being,

Zimbabwe adopted the Maternal and Neonatal Health (MNH)

roadmap 2007–2015 launched in 2009 to improve mother and ju-

venile health outcomes. To date, many other initiatives targeted at

improving parental and infant health have been implemented

(MoHCW TMoHaCWoZ 2010).

Following the leadership of the World Health Organization, the

Zimbabwe MNH program promotes a minimum of four prenatal

care visits catalogued at 16 weeks, 24–28 weeks, 32 weeks, and 36

weeks for healthy women with no underlying medical problems

(Lincetto et al. 2006). Also known as focused antenatal care, each

visit includes care that is appropriate to the woman’s overall fitness

and stage of pregnancy and facilitates preparation for birth and care

for the unborn child. The first visit confirms the pregnancy, esti-

mates the date of delivery, screens, and tests the mother for potential

sexually transmitted infections, offers treatments, preventive meas-

ures, develop a birth and emergency plan as well as offer education

and counsel. At each corresponding visit, the woman gets a urine,

blood, weight, and blood pressure check including other educational

advice (Lincetto et al. 2006).

Methods

Data
The empirical analysis uses data from three rounds of the nationally

representative Zimbabwe Demographic and Health Survey (ZDHS)

conducted in 1999, 2005/06 and 2010/11. We also used data from

the 1994 ZDHS only for documenting the trends in child mortality

outcomes. We excluded the 1994 survey from the empirical analysis

because information on prenatal care quality is not available for this

survey. The ZDHS collects detailed health information for women

of reproductive ages 15–49 and their children. This survey employed

a stratified two-stage cluster sample scheme based on the Zimbabwe

population censuses of 1992 and 2002. The initial stage comprised

of a random sampling of the enumeration areas followed by a ran-

dom sampling of households (excluding individuals living in institu-

tional facilities such as army barracks, hospitals, police camps,

and boarding schools) at the second stage. The analysis in this study

uses the child data file of the ZDHS, which contains both parental

and household characteristics as well as child health information

for the most recent birth that occurred within the five years before

each survey.

Our sample is a pooled cross-section of 11 288 women who gave

birth to 14 452 children within the five years preceding each survey.

We combined the three waves of the ZDHS to have a broader under-

standing of the data, a bigger sample size to improve the precision of

the estimates as well as provide more robust estimates (Lockwood

et al. 2011). Also, pooling across multiple waves allows us to exam-

ine the trends in child mortality and prenatal care quality. To min-

imize the potential bias associated with pooling across multiple

surveys, we adjusted the survey weights at the same time preserving

the initial sampling probabilities in each survey. Then, we rescaled

the sampling weights so that each survey received an equal weight

and making the assumption that the overall population did not sig-

nificantly change to the extent of altering our conclusions. The final

sample weights consist of the original ZDHS weights adjusted to re-

flect pooling across multiple surveys.

Table 1 furnishes the breakdown of our sample including the

characteristics of the women with missing information on prenatal

care by survey year. From the original sample of 11 288 interviewed

women in the three selected ZDHS, 3,434 (30.42%) women had

missing information on prenatal care, 1,006 in 1999, 1,075 in 2005/

Table 1. Characteristics of women with missing prenatal care infor-

mation by year of DHS survey, Zimbabwe 1994–2011

Variables 1999 2005/06 2010/11

Mean SD Mean SD Mean SD

(%) (%) (%) (%) (%) (%)

Total number of interviewed women* 2818 – 4073 – 4397 –

Total number of children* 3643 – 5246 – 5563 –

Children with missing prenatal care* 1171 – 1223 – 1227 –

Women with missing prenatal care* 1008 – 1080 – 1116 –

Less than primary education 28 45 37 48 17 37

Complete primary education 25 43 7 26 21 41

More than primary education 47 50 55 50 62 49

Height of mother (centimeters)* 160 6 159 8 160 7

Age at birth* 25 6 24 6 24 6

Employed 51 50 32 47 31 46

Married 97 17 99 12 98 14

Low wealth 37 48 55 50 50 50

Reads newspapers at least once a week 38 48 29 46 31 46

Listens to the radio at least once a week 58 49 46 50 49 50

Watches television at least once a week 30 46 24 43 36 48

Family planning 59 49 65 48 65 48

Urban resident 35 48 22 41 26 44

Terminated pregnancy 10 30 11 32 9 29

Child ever born* 3 2 4 2 3 2

Child is dead in neonatal 11 32 12 33 14 34

Child is dead in infancy 4 19 5 22 6 23

Child is dead before age five 9 29 11 31 10 30

Notes: Except for the variables with an asterisk, all other variables are ex-

pressed in percentages. Low household wealth consists of individuals in the

two lowest wealth categories as defined in the ZDHS. All estimates are

weighted to be nationally representative. SD¼ Standard Deviation.
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06, and 1,349 in 2010/11. Many of these women have completed

primary school or less, mostly unemployed, have limited access to

information, reside in rural areas and have above average child mor-

tality rates. For example, women with missing prenatal care infor-

mation in 1999 had an average under-five mortality rate of about

9% while those with non-missing prenatal care information had an

average under-five mortality rate of nearly 8.1% representing an

11.11% ð9=8:1� 1Þ � �100ð Þ difference. Women with missing pre-

natal care information in 2010/11 had an average infant mortality

rate of approximately 6% while those with non-missing prenatal

care information had an infant mortality rate of nearly 5.5% repre-

senting a 9.09% ð6=5:5� 1Þ � �100ð Þ difference.

Measures of child mortality and prenatal care quality
The ZDHS collects detailed birth histories for every interviewed

woman of reproductive ages 15–49. This information includes the

dates of birth for all alive children and the age (in months and days)

at death for deceased children. We constructed three measures to in-

dicate mortality of children in neonatal, infancy and under-five

phases. First, we created a binary variable taking 1 if the child died

before reaching the age of 28 days (neonatal period) and 0 other-

wise. Second, we created a binary indicator equals 1 if the child died

before reaching the age of one year and 0 otherwise. Lastly, we con-

structed an indicator for under-five mortality, which equals 1 if the

child died before reaching the age of five years and 0 otherwise. It is

imperative to note that these mortality rates might deviate slightly

from published estimates by the ZDHS because of the different sam-

ple sizes considered. The ZDHS calculates the mortality rates using

information for all the children who died five years preceding each

survey yet the present analysis only considers the most recent birth

of each woman that occurred within the five years of each survey

and for which prenatal care information is non-missing.

The ZDHS asked each interviewed woman a series of questions

related to their prenatal care utilization for the most recent preg-

nancy. These questions include whether she had sought prenatal

care (yes or no) for her last pregnancy, whom she had seen (a doctor,

nurse/midwife, auxiliary midwife, traditional birth attendant, com-

munity/village health worker and others), where she had received

the care and the number of times she had visited the prenatal care

center. For the subsample of women who had received at least one

antenatal care visit, the ZDHS also collected information regarding

the quality of the care as well as the specific components or services

received. Each respondent was asked seven questions related to the

specific elements she had received during her routine prenatal care

visits. These services included; (1) blood pressure checks, (2) urine

sample tests, (3) blood sample tests, (4) information regarding preg-

nancy complications including where to go in case of experiencing

such things, (5) tetanus vaccinations, (6) iron and folic acid supple-

mentations, and (7) malaria tablets. We coded each response as 1 if

a particular service was received and 0 otherwise. Following

Deb and Sosa-Rubi (2005) we created an index to measure the qual-

ity of prenatal care found by adding up all the "yes" responses for

each woman.

Additionally, we checked whether the services received differed

by the level of education or household wealth status of the woman.

The results furnished in Table 2 suggest that the percentage of

women receiving each of the available components of prenatal care

(except for malaria tablets) increases with the level of education and

household wealth. For example, 75% of the women with less than

primary schooling received tetanus vaccinations compared to 78%,

and 83% with complete primary and more than primary school re-

spectively. Similarly, nearly 78, 80 and 83% of the women in the

low, average and high wealth categories received tetanus vaccin-

ations during their most recent pregnancy, respectively.

Econometric model
For us to understand the relationship between the quality of prenatal

care and juvenile fatality outcomes, we estimate the following

equation:

Hi ¼ b0 þ b1 � Prenati þ b2Xi þ ei (1)

where Hi is a measure of juvenile fatality; Prenati is a measure of

the quality of prenatal care use which is either a continuous variable

(quality index) or a binary indicator (individual components of pre-

natal care), b1 is the primary coefficient of interest measuring the

impact of the quality of prenatal care on infant and child mortality

if all other factors remain unchanged; Xi is a vector of maternal and

child-level characteristics, and ei is an idiosyncratic error term.

Equation (1) is estimated via a probit regression model with

cluster-robust standard errors at the primary sampling unit to cor-

rect for potential heteroskedasticity in the error terms (Breusch and

Pagan 1979). The primary sampling units in the ZDHS correspond

Table 2. Services received during prenatal care visits

Prenatal care components Less than primary

education

Complete

primary

More than primary

school

Low

wealth

Average

wealth

High

wealth

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Tetanus vaccinations 75 44 78 41 83 37 78 42 80 40 83 38

Iron tablets 36 48 37 48 41 49 37 48 37 48 42 49

Blood pressure check 78 41 80 40 88 32 80 40 82 38 91 29

Urine sample check 56 50 57 50 70 46 54 50 62 49 77 42

Blood sample test 59 49 67 47 77 42 61 49 68 47 83 37

Received information on

pregnancy complications

37 48 42 49 56 50 40 49 49 50 59 49

Malaria tablets 8 27 9 28 9 29 11 31 10 29 7 25

Observations 4739 2878 9053 7732 3056 5882

Notes: Except for the variables with an asterisk, all other variables are expressed in percentages. Low household wealth consists of individuals in the two lowest

wealth categories as defined in the ZDHS. All estimates are weighted to be nationally representative. SD¼ Standard Deviation.
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to smaller geographic units also known as enumeration areas (EAs)

which resemble smaller communities within wards (ZIMSTAT

2012). For ease of interpretation, we reported the marginal prob-

ability effects along with their standard errors. The demand for the

quality of prenatal care as measured by the quality index is esti-

mated via an ordinary least squares regression (OLS) model of the

following form:

Prenati ¼ a0 þ a1Xi þ �i (2)

As in equation (1), we estimate equation (2) with cluster-robust

standard errors at the primary sampling unit (Breusch and Pagan

1979). Numerous studies estimate equation (1) or a variant of it

using instrumental variable methods to account for potential selec-

tion bias arising from the voluntary nature of the prenatal care deci-

sion (Habibov and Fan 2011, Maitra 2004, Wehby et al. 2009a). In

this study, we argue that mothers seeking prenatal care have no con-

trol over the services they receive during each antenatal care visit. In

other words, these women receive the specific components of pre-

natal care as chosen by the service providers or caregivers, making

these services exogenous in the empirical estimation of equation (1).

Thus, the antenatal care quality index created from the individual

prenatal care components is also assumed to be exogenous in the

empirical estimation of equation (1). For brevity, we excluded the

results for the demand for prenatal care quality (results available

upon request) and focused instead on the implications of antenatal

care quality on child health production. In any case, we are unable

to conduct any strict demand analysis since data on the prices (cost

of prenatal care) and income are not available.

Results

Descriptive statistics
Table 3 provides the descriptions and survey-weighted percentages of

all the variables used in the analysis for each survey year. Recall that

the analysis in this study focuses on the most recent birth of each

interviewed woman that occurred five years before each survey. The

average neonatal mortality rate ranges from 2.9% in 1999 to about

3% in 2010/11. This shift represents a 3.44% ð3:0=2:9� 1Þ � �100ð Þ
increase in the neonatal mortality rate over the 1999–2010/11 period.

On the other hand, the infant mortality rate declined by an approxi-

mate 19.12% ð1� 5:5=6:8Þ � �100ð Þ over the same period.

Regarding under-five mortality, the average death rate in 2010/11

was 6.9% representing an approximate 14.81%

ð1� 6:9=8:1Þ � �100ð Þ decline from the 1999 under-five mortality

rate. On the average, the number of women completing four or more

prenatal care visits during pregnancy changed from 74.5% in 1999 to

73.1% in 2010/11, representing an approximate 1.88%

ð1� 73:1=74:5Þ � �100ð Þ overall reduction. The average number of

services received by women during prenatal care changed from 3.3

services in 1999 to about 3.2 services in 2010/11. This change repre-

sents an overall 3.03% decline in the number of antenatal care ser-

vices received over the 1999–2010/11 period. The drop in prenatal

care utilization observed between 1999–2010/11 is possibly a result

of the deterioration in the quality of health services, outmigration of

key health personnel, continued dilapidation of existing health infra-

structure and the ravaging effects of the economic recession that

started in early 2000 and subsided in 2009 (WHO 2010). The break-

down by each received service indicates that pregnant women are

more liable to get a blood pressure check (84.8%), tetanus vaccin-

ations (80.2%) and a blood sample Test (71.4%) at each prenatal

care visit completed. Also, a principal component analysis (PCA) of

the seven services received during antenatal care visits reveals that

blood pressure checks, blood tests, and urine sample tests are the three

top drivers of the overall quality of prenatal care (the results not

shown here are made available upon request). A comparison of the

frequency and quality of prenatal care reveals that women who com-

plete more antenatal care visits also receive a high-quality prenatal

care (Spearman’s rho¼0.4356 and P¼0.0000).

The percentage of women (observed at survey date) with more

than completed primary school has increased over time from 47.8%

in 1999 to 65.9% in 2010/11. The average age at birth of the

women in our entire sample was about 25.8 years with a mean

height of 159.7 centimetres. The percentage of women in gainful

employment was about 41.1% and has declined over time from

51.8% in 1999 to nearly 34.8% in 2010/11. Approximately 49.4%

of the children in our sample are females. Figure 1 displays the time

trends in the overall mortality rates in our data by child’s year of

birth. The trends indicate a decline in infant mortality observed be-

tween 1990 and 1994 possibly due to the impact of the ESAP re-

forms implemented by the Zimbabwe government in 1991–1995.

From 1995 to about 2001, we see a flat evolution in neonatal and

infant mortality. Since 2001, juvenile mortality has been on an up-

ward trend, peaking in 2005. To a large extent, this increase in child

mortality is partly due to the impact of the 2000–2008 economic cri-

sis together with the devastating effects of the HIV/AIDS epidemic.

The droughts experienced during the mid-2000s period coupled

with the loss of key health personnel partly contributed towards a

deterioration in child health outcomes (Larochelle et al. 2014).

Despite the observed overall declines in mortality, the average juven-

ile fatality rates are still unacceptably high in Zimbabwe.

Impact of prenatal care quality on child

mortality outcomes
Table 4 presents the marginal probability effects of antenatal care

quality on neonatal, infant, and under-five mortality in Zimbabwe.

In panel A of Table 4, we first present the results from the models

that estimate the impact of the frequency of prenatal care on child

mortality outcomes. Here, prenatal care is measured using the bin-

ary indicator taking 1 if the woman completed four or more visits

and 0 otherwise. The results indicate that completing four of more

prenatal care visits during pregnancy lowers the prospect of neo-

natal, infant and under-five mortality by approximately 1.41, 2.01,

and 1.97 percentage points, respectively. In all the specifications, we

included controls for the age of the mother at survey date, age

squared, height (in centimetres), education level, household wealth,

religion, child’s gender, child’s year of birth, birth type, survey year

and an indicator for urban residence. However, we interpret these

results with caution since prenatal care is potentially an endogenous

variable (Maitra 2004, Wehby et al. 2009b). We, therefore, focus on

the results for the impact of prenatal care quality on child mortality.

Panel B of Table 4 displays the results from models examining the

influence of antenatal care quality on juvenile mortality outcomes. All

the specifications included cluster-robust standard errors and the

same controls as mentioned earlier. The complete or full results cor-

responding to the summarized estimates represented in Panel B are

furnished in Supplementary Material, Table S1 in the appendix. As

noted earlier, antenatal care quality index is arguably exogenous since

the index is calculated from exogenous indicators that women receive

during each prenatal care visit. The results indicate that increasing the

quality of antenatal care by one unit or service (possibly tetanus vac-

cinations, blood pressure checks, or blood sample test) reduces the

risk of neonatal mortality by about 0.80 percentage points. This
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outcome is statistically significant at the 1% significance level. Given

that on the average 1.89% of the infants in our analytical sample died

in the first month, the decrease in neonatal mortality following a one-

unit increase in the quality of received prenatal care represents an

approximate 42.33% 0:008� �100=0:0189ð Þ decrease in neonatal

mortality. The results also suggest that a one-unit increase in the qual-

ity of received prenatal care lowers the probability of infant and

under-five mortality by approximately 1.33 and 1.47 percentage

points respectively. These results are all statistically significant at the

1% significance level. The decreases represent an approximate 30.

86% 0:0133� �100=0:0431ð Þ and 28.65% 0:0147� �100=0:0513ð Þ
declines in child mortality given that nearly 4.31% and 5.13% of the

children in our analytical sample died before reaching the ages of one

and five years, respectively.

The impact of individual prenatal care quality

components on child mortality
To further understand the effect of antenatal care quality on child

health outcomes, we considered the impact on juvenile fatality of

each service received during antenatal care. As a first step, we

checked to ensure that the various components of prenatal care

are not highly collinear. A condition number of 9.06 gives us rea-

son to believe that the fetal care components are not highly collin-

ear (results available upon requests) (Belsley et al. 2005). We

estimated equation (1), but this time replacing the quality index

with all the components of prenatal care including the same con-

trols as indicated earlier. The results, presented in Panel C of

Table 4 show that women who receive information regarding

complications arising during pregnancy are less liable to

Table 3. Definitions and summary statistics of all the variables used in the analysis

Variables Definition of the variables Overall 1999 2005/06 2010/11

Mean SD Mean SD Mean SD Mean SD

(%) (%) (%) (%) (%) (%) (%) (%)

Outcome variables

Neonatal mortality ¼1 if child died within the first 28 days of life; 0 otherwise 2.6 15.9 2.9 16.7 2.3 15.0 3.0 17.1

Infant mortality ¼1 if child died within the first 12 months of life; 0 otherwise 5.9 23.6 6.8 25.2 6.1 24.0 5.5 22.7

Under-five mortality ¼1 if child died before reaching the age of five years;

0 otherwise

7.1 25.6 8.1 27.4 6.9 25.3 6.9 25.4

Four or more prenatal care visits ¼1 if woman completed 4 or more prenatal care visits

during pregnancy; 0 otherwise

73.5 44.1 74.5 43.6 71.9 45.0 73.1 44.3

Quality of prenatal care* Prenatal care quality index (see text for details) 3.2 2.3 3.3 2.3 3.1 2.2 3.2 2.3

Components of prenatal care quality index

Tetanus vaccinations ¼1 if woman had tetanus vaccinations during pregnancy;

0 otherwise

80.2 39.8 79.3 40.5 79.8 40.2 80.4 39.7

Iron tablets ¼1 if woman received iron tables during pregnancy;

0 otherwise

39.0 48.8 46.6 49.9 33.6 47.2 39.2 48.8

Blood pressure check ¼1 if woman had a blood pressure check during pregnancy;

0 otherwise

84.8 35.9 89.1 31.2 87.9 32.6 79.2 40.6

Urine sample check ¼1 if woman had a urine check during pregnancy; 0 otherwise 64.5 47.8 80.5 39.6 65.1 47.7 54.0 49.8

Blood sample test ¼1 if woman had a blood sample test during pregnancy;

0 otherwise

71.4 45.2 75.2 43.2 64.4 47.9 75.4 43.1

Pregnancy complications ¼1 if woman received information regarding pregnancy

complications

during pregnancy; 0 otherwise

49.5 50.0 42.1 49.4 47.1 49.9 56.4 49.6

Malaria tablets ¼1 if woman received malaria tablets during pregnancy;

0 otherwise

8.9 28.4 0.6 7.4 8.6 28.0 14.3 35.0

Age at survey date Age of the mother (in years) at the time of the survey 27.6 6.6 27.7 6.8 27.5 6.5 27.5 6.3

Age at birth* Age of the mother at the time of child birth (recent pregnancy)

(in years)

25.8 6.4 25.7 6.6 25.6 6.3 25.7 6.3

Age squared* Age of the mother squared 706.4 365.2 706.3 378.5 695.1 358.6 700.0 351.1

Height (centimeters) Height of the respondent in centimeters 159.7 6.7 159.6 6.5 159.7 7.1 159.9 6.3

Less than primary school ¼1 if woman had less than primary education; 0 otherwise 27.4 44.6 28.6 45.2 34.4 47.5 14.6 35.3

Complete primary school ¼1 if woman completed primary education; 0 otherwise 16.7 37.3 23.6 42.5 6.4 24.5 19.6 39.7

More than primary school ¼1 if woman completed more than primary education;

0 otherwise

55.9 49.6 47.8 50.0 59.2 49.2 65.9 47.4

Employed ¼1 if woman was employed at time of survey; 0 otherwise 41.1 49.2 51.8 50.0 35.4 47.8 34.8 47.6

Child is female ¼1 if child is female; 0 otherwise 49.4 50.0 48.7 50.0 49.0 50.0 49.7 50.0

Christian ¼1 if the woman is Christian; 0 otherwise 50.5 50.0 80.7 39.5 42.2 49.4 39.4 48.9

Low wealth ¼1 if low household wealth (ZDHS wealth quintiles

1 and 2); 0 otherwise

43.3 49.5 39.2 48.8 45.7 49.8 43.9 49.6

High wealth ¼1 if high household wealth (ZDHS wealth

quintiles 4 and 5); 0 otherwise

38.3 48.6 41.8 49.3 36.9 48.3 37.0 48.3

Urban resident ¼1 if woman lives in urban community; 0 otherwise 29.6 45.6 32.6 46.9 28.9 45.3 29.8 45.7

Notes: All estimates are weighted to be nationally representative. SD¼ Standard Deviation. Variables marked with asterisks are non-binary and thus the aver-

ages are not expressed in terms of percentages.
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experience a neonatal death than their non-informed counter-

parts. The prospect of neonatal mortality declines by 0.71 per-

centage points (statistically significant at the 5% level). Other

prenatal care quality components did not meaningfully correlate

with neonatal mortality. The results also indicate that mothers

who receive blood pressure checks and tetanus vaccinations dur-

ing pregnancy are less likely to experience an infant and under-

five death. The probability of newborn mortality declines by 1.55

percentage points for children whose mothers received blood

pressure checks and tetanus vaccinations during pregnancy. The

chances of under-five death are reduced by 2.24 and 1.65 percent-

age points, respectively for children whose mothers received

blood pressure checks and tetanus shots during pregnancy. These

estimates are all statistically significant at the 5% significance

level. Other prenatal care quality components did not have a not-

able influence on infant and under-five mortality.

Discussion

This study examined the effect of prenatal care quality on neonatal,

infant and under-five mortality using nationally representative

household survey data for Zimbabwe conducted in 1999, 2005/06

and 2010/11. We first observed that completing four or more visits

Table 4. Marginal probability effects of prenatal care on neonatal, infant and under-five mortality in Zimbabwe

Neonatal mortality Infant mortality Under-five mortality

(1) (2) (3)

Panel A

Four or more prenatal care visits �0.0141*** (0.0034) �0.0201*** (0.0046) �0.0197*** (0.0047)

Panel B

Prenatal care quality index �0.0080*** (0.0007) �0.0133*** (0.0011) �0.0147*** (0.0012)

Panel C

Blood pressure check �0.0045 (0.0047) �0.0155* (0.0070) �0.0224** (0.0077)

Blood sample test �0.0014 (0.0033) �0.0030 (0.0055) �0.0025 (0.0060)

Urine sample test �0.0002 (0.0032) 0.0055 (0.0048) 0.0074 (0.0051)

Told about pregnancy complications �0.0071** (0.0025) �0.0030 (0.0038) �0.0022 (0.0042)

Received Malaria tablets 0.0025 (0.0042) 0.0118 (0.0068) 0.0110 (0.0073)

Received iron tablets �0.0046 (0.0024) �0.0042 (0.0037) �0.0075 (0.0040)

Tetanus vaccinations �0.0068 (0.0037) �0.0155** (0.0056) �0.0165** (0.0061)

Observations 10682 10682 10682

Mean of the dependent variable 0.0189 0.0431 0.0513

Notes: ***Significant at 1% level; **significant at 5% level; *significant at 10% level. All estimates are based on robust standard errors (shown in parentheses)

and account for clustering at the primary sampling unit. All regressions include the following controls (suppressed for brevity) age of the mother at survey date

and its square, mother’s height (in centimeters), mothers education level, household wealth, religion, child’s year of birth, child’s gender (¼1 if female), birth type

(¼1 if non-single birth), year of survey, and a dummy indicator for urban residence.

Figure 1. The time trends of child mortality rates. Source: Zimbabwe Demographic and Health Survey (ZDHS), 1994, 1999, 2005/06 and 2010/11
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during antenatal care significantly lowers the plausibility of neo-

natal, infant and under-five mortality. However, we interpret these

results with caution as prenatal care is potentially an endogenous

variable. Next, we examined the impact of prenatal care quality on

child mortality outcomes. The results revealed that the antenatal

care quality significantly lowered the prospects of death among

Zimbabwean infants. Notably, we demonstrated that a one-unit in-

crease in the quality of prenatal care decreased the risk of neonatal,

infant and under-five mortality by nearly 42.33, 30.86 and 28.65%,

respectively. These findings suggest the need for public health policy

makers in Zimbabwe to not only focus on increasing access to pre-

natal care alone, but also ensure its quality.

Additionally, we examined the impact of the individual prenatal

care components on the probability of neonatal, infant and under-

five mortality. The results indicated that women who received infor-

mation regarding pregnancy complications arising during pregnancy

are less liable to experience a neonatal death. Given that only

56.4% of the pregnant women interviewed during the 2010/11 sur-

vey reported receiving information regarding pregnancy complica-

tions during pregnancy, our results highlight the need for health

providers in Zimbabwe to step-up efforts to educate pregnant

women on the potential dangers that might arise during pregnancy.

This information is critical as it helps to lower neonatal fatalities in

the country. We also found that women who receive blood pressure

checks and tetanus vaccinations during pregnancy are less liable to

lose their children before they reach the age of one or five years.

Broadly, our results corroborate previous other studies in developing

countries that have established the beneficial effects of prenatal care

on child health outcomes (Gajate-Garrido 2013, Habibov and Fan

2011, Maitra 2004, Panis and Lillard 1994).

The finding that blood pressure checks and tetanus vaccinations

during pregnancy are instrumental in lowering infant and under-five

mortality emphasizes the need for public health providers to focus

on the content of prenatal care as it helps to save lives. Routine

blood pressure checks are an essential component of prenatal care

visits since high blood pressure during pregnancy poses numerous

risks to the mother and the unborn child. For example, high blood

pressure during pregnancy might result in decreased blood flow to

the placenta which restrains the movement of oxygen to the baby

which potentially retards growth (American College of

Obstetricians and Gynecologists; Task Force on Hypertension in

Pregnancy, 2013, Tranquilli et al. 2014). A high blood pressure

might also result in premature delivery and low birth weight baby

which all contribute to adverse health outcomes including infant

death (Centers for Disease Control 2016, Lincetto et al. 2006).

The finding that women who receive tetanus vaccinations during

pregnancy are less liable to experience an infant or under-five death

has important implications for public health policy. Tetanus shots

during pregnancy help protect pregnant women and their unborn

child from neonatal tetanus. In developing countries particularly

SSA, tetanus kills nearly 70 000 newborns every single year with 6%

of these deaths being neonatal deaths (Lincetto et al. 2006). The

provision of tetanus vaccinations during pregnancy becomes a crit-

ical component of any effective public health policy.

According to UNICEF (2015), nearly 13 000 Zimbabwean in-

fants died within the first 28 days of life in 2015, representing a neo-

natal mortality rate of 24 deaths per 1,000 live births. Putting our

findings into a broader perspective and making the assumption that

every needy pregnant woman has equal access to high-quality pre-

natal care, our results imply substantial mortality reductions. Our

findings suggest that nearly 4,333 8� 13000=24ð Þ neonates would

have been saved had all the women received equal and adequate

quality prenatal care. Similarly, given that the infant mortality rate

was 47 deaths per 1,000 live births (25 000 deaths), the 1.33 per-

centage point reduction in newborn fatality we found implies that

nearly 7,074 13:3� 25000=47ð Þ children out of the 25 000 who

died in 2015 would have survived had all the women received ad-

equate and equal high-quality prenatal care. Finally, given that a

total of 38 000 children died in 2015, the 1.47 percentage points re-

duction in under-five deaths implies that approximately 7,868

14:7� 38000=71ð Þ children would have survived in 2015 if all the

mothers had received all the required components of prenatal care

during pregnancy.

Overall, our findings suggest the need for public health policy-

makers in Zimbabwe to carefully review existing public health poli-

cies especially those concerning maternal health care. As the

southern African nation continues to struggle to implement sustain-

able macroeconomic policies amidst a deepening economic crisis,

the health sector together with other areas has continued to suffer

from a lack of funding. Efforts to improve the quality of received

services during prenatal care in Zimbabwe have often been thwarted

by the deterioration in health infrastructure coupled with outmigra-

tion of key health personnel (Osika et al. 2010).

Our analysis is not without limitations. We acknowledge the fact

that the study is only limited to the most recent birth for each

woman that occurred within the five years before each survey for

which we observe the prenatal care information. This data limita-

tion is potentially problematic as it makes it difficult for us to gener-

alize the results to broader contexts. It would be interesting to

analyse the within-women differences in prenatal care use on the

survival probabilities among siblings. Also, the restriction to the

most recent birth might pose a sample selection bias which could po-

tentially impact our estimates. However, since these limitations are

a result of the data collection methodology adopted by MEASURE

DHS, we are unable to examine any within-sibling differences in

survival. Lastly, we ought to accentuate that our estimates might

still be minimally biased by potential endogeneity arising from the

voluntary nature of the prenatal care decision. Besides the noted

concerns, our analysis provides an important and significant contri-

bution to the recent discussions in less-industrialized countries on

the importance of prenatal care on child health outcomes.

Conclusion

This study examined the impact of antenatal care quality on neonatal,

infant and under-five mortality in Zimbabwe - a country still experi-

encing poor maternal and child health outcomes. Our results suggest

that improvements in prenatal care quality lower the prospect of neo-

natal, infant, and under-five mortality even after controlling for other

mediating factors. We also found that educating women on the poten-

tial dangers or complications to expect during pregnancy helps to

lower neonatal mortality. Similarly, receiving blood pressure checks

and tetanus shots during pregnancy diminishes the plausibility of in-

fant and under-five mortality. From a policy standpoint, there is a

need for public health decision makers to ensure that pregnant women

receive all the essential components of a basic prenatal care program.

To a certain extent, our results also call for the need for policymakers

in Zimbabwe to address the current challenges faced by the health

sector of deteriorated infrastructure and outmigration of key health

personnel. Overall, our results suggest the need for public health pol-

icymakers in Zimbabwe to focus on ensuring high-quality prenatal

care as it helps to save Zimbabwe’s children.
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Supplementary Material

Supplementary data are available at HEAPOL online.

Acknowledgements

First, we would like to thank the Editors of this journal and the anonymous

reviewers for their invaluable comments which significantly improved the

quality of this paper. We are grateful to participants of the Summer 2016

Health Economics Work Group at the University at Albany for their com-

ments. I am also indebted to my Ph.D. dissertation advisor, Professor Pinka

Chatterji for her guidance. Lastly, we thank MEASURE DHS for granting us

unlimited access to the Demographic and Health Survey data for Zimbabwe.

All the errors and views expressed in this paper are the sole responsibility of

the authors.

Conflict of interest statement. None declared.

References

Alexander GR, Korenbrot CC. 1995. The role of prenatal care in preventing

low birth weight. Future Child 5: 103–20.

Awiti JO. 2014. A multilevel analysis of prenatal care and birth weight in

Kenya. Indian Journal of Surgery 4: 16p.

Bassett MT, Bijlmakers L, Sanders DM. 1997. Professionalism, patient satis-

faction and quality of health care: Experience during Zimbabwe’s structural

adjustment programme. Social Science & Medicine 45: 1845–52.

Behrman JR, Rosenzweig MR. 2004. Returns to birthweight. Review of

Economics and Statistics 86: 586–601.

Belsley DA, Kuh E, Welsch RE. 2005. Regression diagnostics: Identifying in-

fluential data and sources of collinearity. John Wiley & Sons.

Bijlmakers L, Bassett M, Sanders D. 1995. Health and Structural Adjustment

in Rural and Urban Settings in Zimbabwe. Some Interim Findings.

Structural Adjustment and the Working Poor in Zimbabwe: Studies on

Labour, Women Informal Sector Workers and Health 215.

Breusch TS, Pagan AR. 1979. A simple test for heteroscedasticity and random coef-

ficient variation. Econometrica: Journal of the Econometric Society 1287–94.

Celik Y, Younis MZ. 2007. Effects of antenatal care services on birthweight: im-

portance of model specification and empirical procedure used in estimating the

marginal productivity of health inputs. Journal of Medical Systems 31: 197–204.

Centers for Disease Control C. 2016. Reproductive Health.

Chama-Chiliba CM, Koch SF. 2015. Utilization of focused antenatal care in

Zambia: Examining individual- and community-level factors using a multi-

level analysis. Health Policy and Planning 30: 78–87.

Chatterji P, Kim D, Lahiri K. 2014. Birth Weight and Academic Achievement

in Childhood. Health Economics 23: 1013–35.

Chinemana F, Sanders D. 1993. Health and structural adjustment in

Zimbabwe. Social change and economic reform in Africa. The Scandinavian

Institute of African Studies, Uppsala.

Conway KS, Kutinova A. 2006. Maternal Health: Does Prenatal Care Make a

Difference?. Health Economics 15: 461–88.

Deb P, Sosa-Rubi SG. 2005. Does onset or quality of prenatal care matter

more for infant health? HEDG Working Paper 5 (11).

Evans WN, Lien DS. 2005. The benefits of prenatal care: evidence from the

PAT bus strike. Journal of Econometrics 125: 207–39.

Gajate-Garrido G. 2013. The impact of adequate prenatal care on urban birth

outcomes: an analysis in a developing country context. Economic

Development and Cultural Change 62: 95–130.

Habibov NN, Fan L. 2011. Does prenatal healthcare improve child birth-

weight outcomes in Azerbaijan? Results of the national Demographic and

Health Survey. Economics & Human Biology 9: 56–65.

Harris JE. 1982. Prenatal medical care and infant mortality. Economic aspects

of health. University of Chicago Press, 13-52.

Joyce TJ, Grossman M. 1990. Pregnancy wantedness and the early initiation

of prenatal care. Demography 27: 1–17.

Larochelle C, Alwang J, Taruvinga N. 2014. Inter-temporal Changes in Well-

Being during Conditions of Hyperinflation Evidence from Zimbabwe.

Journal of African Economies 23: 225–56.

Lincetto O, Mothebesoane-Anoh S, Gomez P, Munjanja S. 2006. Antenatal

care. Opportunities for Africa’s Newborns: Practical Data, Policy and

Programmatic Support for Newborn Care in Africa

Liu GG. 1998. Birth Outcomes and the Effectiveness of Prenatal Care. Health

Services Research 32: 805–23.

Lockwood JR, McCaffrey DF, Setodji CM, Elliott MN. 2011. Smoothing across

time in repeated cross-sectional data. Statistics Medicine 30: 584–94.

Loewenson R, Sanders D, Davies R. 1991. Challenges to equity in health and

health care: a Zimbabwean case study. Social Science & Medicine 32:

1079–88.

Maitra P. 2004. Parental bargaining, health inputs and child mortality in

India. Journal of Health Economics 23: 259–91.

Makate M, Makate C. 2016a. The causal effect of increased primary schooling

on child mortality in Malawi: Universal primary education as a natural ex-

periment. Social Science & Medicine 168: 72–83.

Martinson ML, Reichman NE. 2016. Socioeconomic Inequalities in Low Birth

Weight in the United States, the United Kingdom, Canada, and Australia.

American Journal of Public Health 106: 748–54. 7p.

MoHCW TMoHaCWoZ. 2010. National Child Survival Strategy for

Zimbabwe 2010–2015. In: The Ministry of Health and Child Welfare Z

(ed). Harare, Zimbabwe.

Morris S, Devlin N, Parkin D. 2007. Economic Analysis in Health care. John

Wiley & Sons.

Mwabu G. 2009. The Production of Child Health in Kenya: A Structural

Model of Birth Weight. Journal of African Economies 18: 212–60.

Noonan K, Corman H, Schwartz-Soicher O, Reichman N. 2013. Effects of

Prenatal Care on Child Health at Age 5. Maternal & Child Health Journal

17: 189–99. 11p.

Noonan K, Reichman NE, Corman H, Dave D. 2007. Prenatal Drug Use and

the Production of Infant Health. Health Economics 16: 361–84.

Obasola OI, Mabawonku I, Lagunju I. 2015. A Review of e-Health

Interventions for Maternal and Child Health in Sub-Sahara Africa.

Maternal and Child Health Journal 19: 1813–24.

American College of Obstetricians and Gynecologists; Task Force on

Hypertension in Pregnancy. 2013. Hypertension in pregnancy. Report of

the American college of obstetricians and gynecologists’ task force on hyper-

tension in pregnancy. Obstetrics and Gynecology 122: 1122.

Osika J, Altman D, Ekbladh L et al. 2010. Zimbabwe health system assess-

ment 2010. Bethesda, MD: Health Systems 20: 20.

Panis CWA, Lillard LA. 1994. Health inputs and child mortality: Malaysia.

Journal of Health Economics 13: 455–89.

Reichman NE, Corman H, Noonan K, Dave D. 2009. Infant Health Production

Functions: What a Difference the Data Make. Health Economics 18: 761–82.

Rosenzweig MR, Schultz TP. 1983. Estimating a Household Production

Function: Heterogeneity, the Demand for Health Inputs, and Their Effects

on Birth Weight. Journal of Political Economy 91: 723–46.

Todd Jewell R, Triunfo P. 2006. The impact of prenatal care on birthweight:

the case of Uruguay. Health Economics 15: 1245–50.

Tranquilli A, Dekker G, Magee L et al. 2014. The classification, diagnosis and

management of the hypertensive disorders of pregnancy: a revised statement

from the ISSHP. Pregnancy Hypertension 4: 97–104.

UNICEF. 2015. Levels and Trends in Child Mortality. In: Leston N (ed).

Levels & Trends in Child Mortality. New York, 10017 USA: United

Nations Children’s Fund.

Wehby GL, Murray JC, Castilla EE, Lopez-Camelo JS, Ohsfeldt RL.

2009a. Prenatal Care Demand and its Effects on Birth Outcomes by

Birth Defect Status in Argentina. Economics and Human Biology 7:

84–95.

Wehby GL, Murray JC, Castilla EE, Lopez-Camelo JS, Ohsfeldt RL. 2009b.

Prenatal care effectiveness and utilization in Brazil. Health Policy and

Planning czp005.

WHO. 2010. Human Resources for Health, Country Profile Zimbabwe. CSO,

Census 2002 & ICDS 2008.

WHO. 2015. World Health Statistics 2015. World Health Organization.

ZIMSTAT. 2010. Zimbabwe National Health Profile 2010. Harare,

Zimbabwe: Zimbabwe Statistical Agency.

ZIMSTAT. 2012. Zimbabwe Demographic and Health Survey 2010-11.

Health Policy and Planning, 2017, Vol. 32, No. 3 403

D
ow

nloaded from
 https://academ

ic.oup.com
/heapol/article/32/3/395/2593906 by guest on 24 April 2024

http://heapol.oxfordjournals.org/lookup/suppl/doi:10.1093/heapol/czw154/-/DC1


Appendix

Table S1. Marginal probability effects of prenatal care on neonatal, infant and under-five mortality in Zimbabwe.

Variables Neonatal mortality Infant mortality Under-five mortality

(1) (2) (3)

Prenatal care quality index �0.0080*** (0.0007) �0.0133*** (0.0011) �0.0147*** (0.0012)

Maternal/household-level variables

Age at survey date �0.0010 (0.0017) �0.0013 (0.0024) �0.0014 (0.0025)

Age squared 0.0000 (0.0000) 0.0000 (0.0000) 0.0000 (0.0000)

Height (in centimeters) �0.0004 (0.0002) �0.0009** (0.0003) �0.0009** (0.0003)

Less than primary education �0.0007 (0.0043) 0.0009 (0.0062) �0.0021 (0.0065)

Completed primary education 0.0016 (0.0046) 0.0033 (0.0060) 0.0019 (0.0066)

Religious beliefs (Christian) �0.0009 (0.0032) �0.0087 (0.0045) �0.0142** (0.0050)

Wealth quintile 1 (poorest) �0.0062 (0.0067) �0.0110 (0.0093) �0.0010 (0.0101)

Wealth quintile 2 0.0014 (0.0069) 0.0015 (0.0091) 0.0103 (0.0099)

Wealth quintile 3 0.0001 (0.0065) �0.0009 (0.0087) 0.0081 (0.0098)

Wealth quintile 4 0.0082 (0.0049) 0.0011 (0.0070) 0.0069 (0.0074)

Child-level variables

Child is female �0.0079** (0.0027) �0.0130*** (0.0039) �0.0140** (0.0044)

Birth type: Non-single 0.1197*** (0.0213) 0.1561*** (0.0242) 0.1479*** (0.0239)

child_yob_1994 �0.0188 (0.0169) 0.0049 (0.0234) 0.0205 (0.0245)

child_yob_1995 0.0086 (0.0161) 0.0383* (0.0181) 0.0664*** (0.0186)

child_yob_1996 0.0058 (0.0157) 0.0536** (0.0184) 0.0756*** (0.0193)

child_yob_1997 0.0135 (0.0155) 0.0491** (0.0169) 0.0633*** (0.0174)

child_yob_1998 0.0381* (0.0168) 0.0909*** (0.0186) 0.0974*** (0.0189)

child_yob_1999 0.0163 (0.0161) 0.0429* (0.0176) 0.0455* (0.0177)

child_yob_2000 �0.0862** (0.0262) �0.0026 (0.0393) 0.0484 (0.0462)

child_yob_2001 �0.0565* (0.0265) 0.0021 (0.0362) 0.0371 (0.0393)

child_yob_2002 �0.0628* (0.0262) 0.0108 (0.0361) 0.0455 (0.0389)

child_yob_2003 �0.0444 (0.0266) 0.0370 (0.0364) 0.0693 (0.0393)

child_yob_2004 �0.0433 (0.0264) 0.0377 (0.0363) 0.0645 (0.0393)

child_yob_2005 �0.0428 (0.0252) 0.0110 (0.0352) 0.0349 (0.0382)

child_yob_2006 �0.0072 (0.0151) 0.0102 (0.0165) 0.0357* (0.0175)

child_yob_2007 0.0039 (0.0150) 0.0229 (0.0162) 0.0428** (0.0164)

child_yob_2008 0.0105 (0.0151) 0.0357* (0.0162) 0.0602*** (0.0169)

child_yob_2009 0.0292 (0.0160) 0.0579*** (0.0169) 0.0592*** (0.0168)

child_yob_2010 0.0211 (0.0153) 0.0365* (0.0156) 0.0364* (0.0156)

Urban resident 0.0021 (0.0056) 0.0066 (0.0066) 0.0117 (0.0079)

Observations 10682 10682 10682

Mean of the dependent variable 0.0189 0.0431 0.0431

Notes: ***Significant at 1% level; **significant at 5% level; *significant at 10% level. All estimates are based on robust standard errors (shown in parentheses)

and account for clustering at the primary sampling unit. All regressions include the child’s year of birth and survey fixed effects (suppressed for brevity). Reference

categories: higher education; higher wealth (quintile 5); survey year¼ 2010/11. child_yob¼Child’s year of birth.
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