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ABSTRACT

Introduction Despite the decline in infant and under-
five mortality rates since the last decade, Ghana did not
meet the millennium development goal (MDG) 4 target.
To implement effective interventions that could fast-track
progress towards achieving the sustainable development
goal 3 in 2030, factors contributing to the decline in child
mortality throughout the MDG period and which factor(s)
has/have been consistent in affecting child survival in the
last decade need to be understood.

Methods This study used Demographic and Health
Surveys (DHS) from 2003, 2008 and 2014 and data from
World Bank Development Indicators (2000-2018). We
employed modified Poisson with robust SE and multivariate
decomposition approach to assess risk factors of child
mortality using DHS data from 2003, 2008 and 2014.
Penalised regression was used assess the effect of 25
country-level contextual factors on child survival.
Results The risk of infant mortality is approximately five
times higher among mothers who had multiple births
compared with mothers who had single birth over the
last decade (adjusted relative risk 4.6, 95% Cl 3.2 to 6.6,
p<0.001). An increase in the annual percentage of female
labour force participation (FLFP) is associated with the
reduction of approximately 10 and 18 infant and under-five
annual deaths per 1000 live births, respectively.
Conclusions This study found that multiple births and
shorter birth spacing are associated with increased risk
of infant and under-five deaths over the last decade.
Increased in FLFP, and the proportion of children sleeping
under bed-net are associated with reduced risk of both
infants and under-five deaths.

BACKGROUND

Many regions in sub-Saharan Africa (SSA)
made little progress towards attaining the
millennium development goal 4 (MDG4)
which was aimed at reducing global under-
five mortality rate (USMR) by two-thirds
between 1990 and 2015." It is emphasised

Key questions

What is already known?

» Some of the factors associated with child survival
have been identified in Ghana using either one-time
point survey data or data that originate from a single
health facility.

What are the new findings?

» The decline in infant and under-five mortality rates
(U5MRs) in Ghana could be attributed to an increase
in the proportion of children who slept under a
bednet.

» Increasing the percentage of the female population
ages 15 and older who are economically active is
associated with a significant reduction in both infant
and U5MRs in Ghana.

» Multiple births and children born with a shorter birth
interval (less than 24 months) are at higher risk of
child mortality.

What do the new findings imply?

» The government should focus more on policies that
increase the percentage of female labour force
participation.

» There should be continuous education for pregnant
women on the multiplicity of risk associated with
having multiple births and how to prepare for such
births to reduce child mortality.

» The Ministry of Health and the Ghana Health Service
should have a policy brief and specific scheduled
training of health professionals on how to handle
multiple births and associated risk especially during
antenatal, delivery and postnatal care.

that only 12 countries in the WHO’s, African
Region met the MDG4." Although Ghana is
not among these 12 countries, it is among
the SSA countries that have taken pragmatic
steps to reduce the prevalence of infant and
under-five mortality deaths. Ghana has seen
a progressive reduction in underfive deaths
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from 155 to 49.3 per 1000 live births between 1990 and
2017.2 The infant mortality rate (IMR) in Ghana has
reduced from 79.3 per 1000 live births in 1990 to 35.7 per
1000 live births in 2017 representing a percentage reduc-
tion of approximately 55% over the period. In order to
continue making progress in all-cause child mortality
in Ghana and to meet the set target of the sustainable
development goal 3 (SDG 3), there is the need to under-
stand the multifaceted and complex causes of infant and
underive deaths.”

Admittedly, some studies in Ghana have assessed factors
associated with child mortality.*™® These studies relied on
one-time point survey data.”® For studies that utilised only
one-time point survey data, it becomes difficult to observe
the trend and to identify factors that have been consis-
tent in influencing child mortality. Using trend analysis
to identify key factors associated with child mortality has
become relevant for targeted intervention. The gener-
alisability of some findings from previous studies was
limited as most studies in Ghana restricted their analysis
to only some selected districts’ or a few hospitals.'"™"?
For studies that pooled data from a different survey, it was
not clear how they accounted for sampling weight from
different surveys at different time points. The normalised
weight in most complex surveys such as the Demographic
and Health Surveys (DHS) is a relative weight which is
valid for estimating means, proportions and ratios,"” but
not valid for estimating totals, and may not be valid for
pooled data from different surveys.'*

To our knowledge, none of the previous studies in
Ghana examined the extent to which each selected indi-
cator contributed to the observed reduction in infant
and USMRs between two specific surveys. In addition,
this remains the first study in Ghana that has simultane-
ously studied the impact of individual and country level
characteristics on child survival. Finally and for targeted
intervention, the application of modified Poisson based
multivariate decomposition analysis provides a way to
analyse differences in the child mortality between two
points of time and the technique identifies factors that
contribute to the observed reduction in child mortality.
The findings from this study could critically inform
policies and programmes aimed at reducing infant and
UbBMRs as the country is making an effort to achieve SDG
3.

METHODS
Patient and public involvement
Patients were not involved in this study.

Data source

The study used data from the three Ghana Demographic
and Health Surveys (GDHS) conducted in Ghana, in
2003, 2008 and 2014. Data were downloaded from the
DHS website (http://dhsprogram.com) after been
granted permission. The DHS include the full birth
history of all women within the reproductive age (15-49

years). The birth history includes all children born alive
and their survival status to women of reproductive age
(15-49 years). The children data file were merged with
household data to obtain a complete dataset required for
the analysis. The unit of analysis in this study is the chil-
dren of women born in the last 5 years (0-59 months)
preceding the survey. Online supplementary table S1
presents information on the three surveys included in
this analysis.

Sampling design used in the GDHS

Each specific survey data sample was obtained using multi-
stage stratified cluster sampling. Ghana has 10 admin-
istrative regions. Each region was stratified into urban
and rural areas, yielding 20 sampling strata. Samples of
enumeration areas (EAs) were selected independently in
each stratum in two stages. The EA size is basically the
number of residential households residing in a particular
EA. In the first stage, stratification and proportional
allocation are conducted at each of the lower adminis-
trative levels by sorting the sampling frame within each
sampling stratum before sample selection using a prob-
ability proportional to size selection at the first stage of
sampling. The second stage involves the selection of a
fixed number of approximately 20-30 households per
cluster selected with an equal probability systematic selec-
tion from the newly created household listing. Details of
the sampling design for the GDHS can be obtained from
the DHS programme website (www.dhsprogramme.com)
or from the Ghana Statistical Service."

Outcome measures

This study investigated two primary outcome measures:
infant and U5MRs in Ghana. The IMR is the number of
deaths in the first year of life (per 1000 live births) and
measures the probability of dying before a child’s first
birthday. The USMR measures the probability of death
before a child’s fifth birthday. Both IMR and U5MR were
estimated within 5 years preceding the survey, including
those born exactly 5 years before the survey. This study
used information about the year of child's birth, whether
each child was alive at the time of the survey, and how old
a child was if s/he died to define the primary outcome
measures. Specifically, a child who was born in the 5 years
preceding the survey but unfortunately died within the
first year of life was classified as infant death and coded
as 1 or 0 otherwise. All deaths that occurred in the 5 years
preceding the survey were classified as under-five death
and they were respectfully coded as 1 or 0 otherwise. The
unit of analysis in this study is all children born in the 5
years preceding each survey.

Covariates from the GDHS data

The choice of the selected covariates in determining
infant and under-five mortality were adapted from the
analytical framework for the study of child survival in
developing countries by Mosley and Chen.'®
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This study examined the determinants of IMR and
UbBMR at four different levels of indicators: characteris-
tics of the household (sex of the household head, age of
the household head, household size, place of residence,
region, household wealth, household access to improved
water and sanitation), maternal characteristics (mothers
age childbirth, marital status, highest educational level
and body mass index), child indicators (age of the child,
sex of the child, multiple birth, birth order and preceding
birth interval) and finally, the maternal and delivery care
received along with coverage of other interventions that
could affect both IMR and U5MR (place of delivery,
tetanus injection, antenatal care (ANC) attendance and
valid national health insurance card).

Gountry-level indicators

Twenty-five indicators at the country level were also
assessed to examine their effect on infant and under-
five mortality. These indicators have been assessed previ-
ously.'” Our analysis was restricted to 25 indicators out
of the 70 indicators previously studied because of lack of
data on some covariates. Data were obtained from the
World Bank Data Catalogue” (online supplementary table
S8 shows the country-level indicators that were studied).

Statistical analysis of the DHS data
The analysis adjusted for the complex survey design struc-
ture (clustering, stratification and weighting) to reduce
bias and improve the precision of our estimates. Since
the study pooled complex survey data from different
surveys at different time points, the women/children
standard weight were de-normalised. This was achieved
by dividing the women standard weight by the women
survey sampling fraction, that is, the ratio of a total
number of women aged 15-49 years interviewed in the
survey year over the total number of women aged 15-49
years in the country at the time of the survey. The total
number of women aged 15-49 interviewed in the survey
year was obtained from the DHS datasets, while the total
number of women aged 15-49 years in the country at the
time of the survey were obtained from OurWorldinData.'®
The de-normalised women sampling weight is given by:

WX 1549

¢§5749

where U is the women sampling weight as estimated in
the DHS, ¢i5_4 is the total females aged 15-49 in the
country at the time of the survey and ¢5;_,, is the number
of women age 15—49 interviewed in the survey.

Four different levels of statistical analysis were
conducted to address the aforementioned research ques-
tions. First, the Rao-Scott %” test and the log-rank test
that follows the Kaplan Meier procedure were used to
test association and differences in mortality, test homo-
geneity of these groups and test for equality of survivor
functions. Second, modified Poisson with the robust SE
was used to assess the relationship between IMR, UbSMR
and all explanatory variables specifying the time at risk
in every Poisson model that was fitted. Poisson was used

in the analysis since the primary estimate of interest was
a relative risk instead of HR from the Cox-proportional
Model. That notwithstanding, a sensitivity analysis using
was Cox-proportional Model was conducted to determine
whether the results obtained were robust to the model
specification. Finally, we applied weighted modified
Poisson based multivariate decomposition technique'?
which is comparable to the Oaxaca-Binder Method®
but provides flexibility to use non-linear models to assess
factors contributing to the decline in child mortality.
Multivariate decomposition provides a way to analyse
factors that contribute to the differences in mortality
rates between two points of time: 2003-2008, 2008-2014
and 2003-2014.°

Statistical analysis: assessing the impact of country-level
indicators on infant and USMRs in Ghana: 2000-2018

To determine country-level contextual factors associated
with infant and under-five mortality, this study employed
theory-driven rigorous penalisation of the ordinary
least square estimate with least absolute shrinkage and
selection operator (LASSO) and square-root LASSO as
proposed by Belloni et al®' Rigorous penalisation is a
modified version of the well-known LASSO.** The use of
rigorous penalisation became necessary because of the
high dimensionality of the data set (25 covariates investi-
gated compared with sample size of 18) and the ability of
the theory-driven penalisation for lasso and square-root
to allow for heteroskedasticity, cluster-dependent and
non-Gaussian errors.

Sensitivity analysis was conducted using two other
different approaches for selecting the penalisation
parameters: information criteria (implemented in
lasso2), K-fold cross-validation for cross-section, panel
and time-series data. The sensitivity analysis was to deter-
mine whether our results were robust to the different
ways of selecting the penalisation parameters and to iden-
tify which indicator(s) will be selected by all the different
penalisation procedure. Post-estimation ordinary least
square was performed to address the shrinkage bias asso-
ciated with estimates from rigorous penalisation. The
LASSO procedure is implemented in Stata via lassopack;
a collection of programme for regularised regression
in Stata developed by Ahrens et al®® All analyses were
performed using Stata V.15 and a p value <0.05 was
considered statistically significant.

RESULTS

The characteristics of the household, mother, child
characteristics and coverage of health interventions that
could influence infant and underfive mortality, among
children born in the 5 years preceding the survey, Ghana
2003, 2008, 2014 and the pooled data (2003-2014).

A total of 12 720 children born in the 5 years preceding
each survey and 20 003 women were included in the
analysis. Three-fourth of the study population has
males as their household head with an overall average
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age of 40.2 years (online supplementary table S2). The
percentage of children born into households with access
to improved sources of drinking water has increased over
the last decade (GDHS 2003=75.9%, GDHS 2008=86.0%
and GDHS 2014=89.5%; online supplementary table
S2). The percentage of children born into a household
with access to improved sanitation declined in 2008 but
increased slightly in 2014 (GDHS 2003=9.6%, GDHS
2008=7.5% and GDHS 2014=11.5%; online supplemen-
tary table S2). The percentage of children born in rural
households declined from 66.9% in 2003 to 55.0% in
2014 (online supplementary table S2). The percentage
of children born in a household with less than five resi-
dents increased marginally from 34.1% to 37.2% (online
supplementary table S2).

Mother’s age at childbirth was 30.3 years with approx-
imately 74.0% aged 18-34 years (online supplementary
table S3). The overall proportion of children born to
mothers with tertiary education was 2.8% although there
has been an increase over the period (GDHS 2003=1.1%,
GDHS 2008=2.4% and GDHS 2014=4.5%; online supple-
mentary table S3). Approximately 88.0% of children
were born to mothers who were married or in a union
(online supplementary table S3). The average age of
the children was 2.3 years and the proportion of female
children in the data set was 48.4% with 95.5% all births
being single birth (online supplementary table S4).
Approximately 10.0% of the mothers had given birth in
less than 2 years between the previous and the current
birth (online supplementary table S4). More than half
(57.3%) of the women attended four or more ANC and
40.0% received 2+tetanus injection (online supplemen-
tary table S5). Facility delivery has increased from 45.6%
in 2003 to 73.0% in 2014 (online supplementary table
S5). The number of children that slept under bednet also
increased from 16.2% in 2003 to 50.7% in 2014 (online
supplementary table S5).

Levels, trend and difference in infant and U5MRs between
surveys

The IMR in 2003 was 64 per 1000 live births but declined
to 50 per 1000 live births in 2008 and 41 per 1000 live
births in 2014. Thus IMR declined by 14 per 1000 live
births between 2003 and 2008, 23 per 1000 live birth
between 2003 and 2014 and only decline marginally by
9 per 1000 live births between 2008 and 2014 (online
supplementary table S6). The USMR in 2003 was 111 per
1000 live births and declined to 80 per 1000 live births in
2008 and further declined to 60 per 1000 live births in
2014. This resulted in the drastic reduction in USMR by
51 per 1000 live births between 2003 and 2014 (online
supplementary table S7).

Results on the determinants of factors associated with infant
mortality in 2003, 2008, 2014 and 2003-2014 combined:
modified Poisson with robust SE

The risk of infant mortality from multiple births reduced
to 3.5 in the 2008 GDHS (adjusted relative risk; aRR=3.5,

95% CI 1.6 to 7.7, p<0.01; table 1) but increased to
approximately five times as high as the risk of single birth
in the 2014 GDHS (aRR=4.6, 95% CI 2.4 to 8.6, p<0.01;
table 1). The pooled analysis revealed that all children
born to mothers who had multiple births between 1999
and 2014 were 4.6 times as likely to experience infant
mortality compared with children born to mothers who
had single birth (source: 2003-2014 GDHS, aRR=4.6,
95% CI 3.2 to 6.6, p<0.001; table 1). Children who slept
under mosquito bednet was associated with 40%-50%
reduction in the risk of infant mortality in 2003, 2008,
2014 and the pooled data (1999-2014) (p<0.05; table 1).
Although the effect was unadjusted since data was
restricted to only most recent birth reducing the sample
size considerably, the optimal birth interval, 24-35
months was associated with 40% reduction in the risk of
infant mortality compared with the birth interval of fewer
than 2 years (source: 2003-2014 GDHS, aRR=0.6, 95% CI
0.5 to 0.8, p<0.01, table 1). A similar effect of the covari-
ates on infant mortality was observed when a sensitivity
analysis was conducted by estimating the HR from the
Cox-proportional hazard model (table 1).

Results on the determinants of factors associated with under-
five mortality in 2003, 2008, 2014 and 20032014 combined:
modified Poisson with robust SE

Children born to mothers who had multiple births were
approximately five times as likely to die within the 59
months of birth compared with children born to mothers
who had single birth (source: 2003 GDHS, aRR=5.2, 95%
CI 3.2 to 8.6, p<0.001; table 2). The risk of under-five
mortality from multiple births reduced to 3.4 in the 2008
GDHS (aRR=3.4, 95% CI 1.6 to 7.1, p<0.01; table 2) but
increased to approximately five times as high as the risk
of single birth in the 2014 GDHS (aRR=4.7, 95% CI 2.6
to 8.5, p<0.01; table 2).

The pooled analysis revealed that all children born to
mothers who had multiple births between 1999 and 2014
were 4.3 times as likely to experience under-five mortality
compared with children born to mothers who had single
birth (source: 2003-2014 GDHS, aRR=4.3, 95% CI 3.1 to
6.1, p<0.001; table 2). Distribution of bednet has contrib-
uted to the reduction of under-five mortality. Children
who slept under mosquito bednet was associated with
40%-50% reduction in the risk of U5M in 2003, 2008,
2014 and the pooled data (1999-2014) (p<0.05; table 2).

Although the effect was unadjusted since data was
restricted to only most recent birth reducing the sample
size considerably, the optimal birth interval, 24-35
months was associated with 4% reduction in the risk of
under-five mortality compared with the birth interval of
fewer than 2 years (2003-2014 GDHS, aRR=0.6, 95% CI
0.5 to 0.9, p<0.01, table 2). A similar effect of the covari-
ates on under-five mortality was observed when a sensi-
tivity analysis was conducted by estimating the HR from
the Cox-proportional hazard model (table 2).
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Table 2 Continued

Overall GDHS (Ref. period 1999-

2014)

2014 GDHS (Ref. period 2009-

2014)

2008 GDHS (Ref. period 2004~

2008)

2003 GDHS (Ref. period 1999 to

2003)

Cox model

Poisson
aRR (95% CI)

Cox model

Cox model Poisson Cox model Poisson

Poisson

aHR (95% CI)

aRR (95% CI) aHR (95% CI) aRR (95% CI) aHR (95% CI)

aHR (95% Cl)
0.8 (0.6 t0 1.2)

n/a

aRR (95% Cl)
0.9 (0.6 to 1.2)

Valid national health n/a
insurance card: No

0.7 (0.6 to 0.8)**

Ref.

0.7 (0.6 to 0.8)**

Ref.

(0.8 to 1.4)

1.1

(0.8 to 1.5)

1.1

0.5 (0.4 to 0.7)**

Ref.

0.6 (0.4 to 0.8)*

Ref.

Yes

Ref.

Ref.

(0.5to 1.1)

0.9 (0.5 to 1.4)

0.7

0.7 (0.5 to 1.1)
0.9 (0.5 to 1.5)

1(0.5t01.7)

(0.6 to 1.9)
1.3 (0.7 to 2.5)

1.0

0.4 (0.2 to 0.8)*

0.3 (0.2 to 0.7)*

n/a
n/a

n/a

n/a

Yes, card seen

(0.7 to 2.3)

1.2

0.4 (0.2 to 0.9)*

0.4 (0.2 to 0.8)*

Yes, card not seen

P value notation: ***p<0.001, **p<0.01, *p<0.05.

ANC, antenatal care; BMI, body mass index; GDHS, Ghana Demographic and Health Surveys; aHR, adjusted hazard ratio; aRR, adjusted relative risk; n/a, not applicable since variable was

not measured.

Results on multivariate decomposition

This section of the analysis identifies which factors are
associated with the reduction in the IM and U5M rates
between surveys in Ghana. The risk of U5SM and IM
rates across the surveys were divided into two parts, one
representing changes in the distribution of household,
mother, or child characteristics, or the coverage of inter-
ventions (‘endowments’), and the other representing the
size of the effect of those characteristics or interventions
(‘coefficients’).?

The ‘endowments’ column in tables 3 and 4 essen-
tially quantifies the amount of decline in the log rate of
infant and under-five mortality explained by the change
in coverage in each selected indicator between the two
points in time, assuming that the effect of the indicator
was constant across the entire period. The ‘coefficients’
column quantifies the amount of decline in the log rate of
infant and under-five mortality explained by the change
in effects between the two-time points if coverage (the
distribution of each variable) had been constant across
the entire period.

The combined effect of all the changes in character-
istics or coverage (‘endowments’) have reduced the log
rate IMR by 6.47x107 (127.6% decrease, p<0.05; table 3)
between 2003 and 2008. By contrast, the combined effect
of all coefficients has led to an increase in the log rate of
IMR by 1.40x107* (27.6% decrease, table 3).

The endowment estimate for ‘number of children
sleeping under a mosquito net’ is ‘~1.7 x 10~%" indi-
cating that if nothing in the model had changed between
the 2003 and 2014 reference periods except the level of
children sleeping under a mosquito net, the log rate of
IMR would have declined by 1.7 x 1073 points, an amount
that is significantly different from zero (p<0.05; table 3).
However, increased in the proportion of multiple births
between 2003 and 2014 was associated with increased
in the log rate of infant deaths between 2003 and 2014
by 1.7 x 10~* which is statistically significant (p<0.001;
table 3). Change in the percentage of children who slept
under-bednet was associated with a significant decline in
the log rate of under-five mortality by 2.77 x107 (p<0.05;
table 3). Detailed results on the decomposition analysis
for infant mortality can be found in table 3.

The combined effect of all the changes in characteris-
tics or coverage of health interventions has reduced the
log rate USMR by 7.86x107 (94.2% decrease, p<0.05;
table 4) between 2003 and 2008. The log rate of USMR
reduced by 4.00x10™° between 2003 and 2014 as a result
of the changes in characteristics or coverage of health
interventions (table 4). The combined effect of all the
coefficient led to a decrease of 1.06x107% in the log rate of
U5SMR between 2003 and 2018 (73.0% decrease, p<0.05;
table 4). Change in the percentage of children who slept
under-bednet was associated with a significant decline in
the log rate of under-five mortality by 2.2 x 1073 (p<0.05;
table 4).

Household access to improved sanitation contributed
to a 1.29x107 reduction in the log rate of USMR between
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2003 GDHS-2008 GDHS 2003 GDHS-2014 GDHS 2008 GDHS-2014 GDHS
Endowments Coefficient Endowments Coefficient Endowments Coefficient

Sex of household -5.28x107° -3.26x10™" 3.39x107° 2.08x107° -5.59x107° -4.37x107
head: Male

Place: Urban -1.74x10™ -8.16x102%  -2.97x107° 1.59x107° -3.36x107° 2.25x107°
Region: Western 6.54x107° 1.64x107" 7.83x107° -1.02x107° -5.40%x107° ~7.05x107°
Greater Accra -1.27x10™ -1.19x107"  -6.84x107* 3.02x107* -6.04x107° -1.38x107°
Central

Eastern 3.46x1078 -6.73x102  -3.12x107° 1.07x107° 6.05x107° 7.14x10™*

Brong Ahafo 1.75x107* 2.45%x107" 6.49x107° -6.84x107* 2.09x107° 1.23x107°

Upper east 1.42x107° -6.24x1072 1.23x107 9.85x107° 8.06x107° -2.96x107

Wealth: Poorest -1.07x107° -3.33x107"  -3.41x107* 4.02x1078 -3.26x107 2.34x107%

Middle -2.06x107° 7.95x1072 1.43x10° -1.52x107° -2.57x107° -1.64x107°

Richest -6.81x1078 1.26x107"  -1.77x10™ -1.52x107° -1.45x10™ -9.61x10™

5-7 residents 2.25x107° 3.27x107"  -1.8x107* —-3.4x107% -2.34x10™ -1.60x107°

Household access  -1.76x107* 1.67x107"  -1.52x107* -6.52x107 -6.72x107° -2.76x107
to improved water
source: Improved

Household access  -1.31x10™* -2.28x1072  -5.59x107° -8.62x107 -1.09x107 -1.02x107°
to improved toilet:
Improved not shared

Not improved -5.37x107* 3.56x107"  -3.95x107° -7.94x107* 1.14x107* 2.28x107°

18-34 -1.72x107° 1.02x10°  -1.10x10™* -5.04x107° -1.05x10™ 3.11x107°

Marital status: Never —1.64x107* 7.66x1072 4.61x10™* 1.31x10™ 2.58x107* 1.80x107%*

married

Formerly married -6.05x107° -1.19x10™" 1.27x107° -2.88x107 -8.72x107° -1.47x107®
Continued

w
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2003 GDHS-2008 GDHS
Endowments Coefficient

2003 GDHS-2014 GDHS
Endowments

2008 GDHS-2014 GDHS
Endowments

Coefficient Coefficient

Primary 2.09x107**  -3.71x10™" 3.59x107° -1.44x107° 5.92x107° —-6.53x107%

Tertiary -3.32x107* 4.43x1072 2.08x107 1.11x10™ 1.01x10™ 1.28x107°

-1.55%x107" 2.16x107° 4.80x107* 7.26x107® -1.6x107*

4.00x107°

Female

Multiple birth 5.13x1075 3.63x1072 1.70x107**  —1.24x107* 1.29x10~ 2.97x107*

Second -1.38x1074* 8.15x102  -3.41x107° 9.49x107* -6.95x107° 2.24x1078

Fourth or higher -1.26x107* 6.65x107%  -2.79x107* 7.87x107 -5.52x107° 1.93x107°

Yes -3.93x107° 4.73x1072 8.42x107* 1.38x107° 3.71x107* 2.10x107°

One or more —2.77x107%**  1.05x107"  -1.74x107>* 1.15x107° -2.71x107* 3.59x107°

Per cent 127.64 -27.64 26.93

73.07 2.35 97.65

P value notation: ***p<0.001, **p<0.01, *p<0.05.
GDHS, Ghana Demographic Health Surveys; n/a, not applicable since variable was not measured.

2003 and 2014 (p<0.05; table 4). However, change in the
proportion of multiple births between 2003 and 2014
was associated with increased in the log rate of underfive
deaths between 2003 and 2014 by 1.9 x 10~* which was
statistically significant (p<0.001; table 4). Detailed results
on the decomposition analysis for under-five mortality
can be found in table 4.

Results on country-level factors associated with infant and
under-five mortality using penalised regression

he results from the theory-driven penalisation
for LASSO and square root LASSO using covariate
dependent penalty level in each case, 10-fold cross-vali-
dation LASSO and the LASSO-based extended Bayesian
information criteria showed that female labour force
participation (FLFP) was the single indicator that was
found to be associated with both infant and under-five
mortality independent of the type of penalisation applied.
A unit increase in the annual percentage of females who
are economically active was associated with the reduc-
tion of infant mortality by approximately 3-9 deaths per

—

1000 annual live births between 2000 and 2018 (table 5).
There was a more protective effect of female labour
participation relative to underfive mortality. Increasing
the annual percentage of female’s labour force participa-
tion was associated with saving additional 7-18 lives per
1000 live births between 2000 and 2018 (table 5).

DISCUSSION

Main findings

This study investigated the impact of household, maternal
and child characteristics and the coverage of key interven-
tions on the risk of infant and under-five deaths in Ghana
using data from 2003, 2008 and 2014 DHS. Evidence
from the Poisson regression model showed that over the
past decade, the household size, multiple births, birth
spacing and the number of children sleeping under-
bednet have been the main driving force of child survival
for all children born between 1999 and 2014. Findings
from this study indicate that children born with shorter
birth intervals (<2 years) were at a greater risk of dying

—

4
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2003 GDHS-2008 GDHS 2003 GDHS-2014 GDHS 2008 GDHS-2014 GDHS
Endowments Coefficient Endowments Coefficient Endowments Coefficient

Sex of household -1.10x107° 6.67x107* 1.21x107° 2.99x107° 2.07x107° 1.32x10™
head: Male

Place: Urban -1.45x10™ -3.39x107° -9.49x107° 5.93x107* -9.72x107° 1.40x107°
Region: Western 9.77x10°  -4.23x10™ 9.88x10°® -1.51x107® —-7.51x107° 2.56x107
Greater Accra -1.57x10™ -1.84x107° -7.09x10™*  -4.55x10™* -6.77x10™  -1.15x107°
Central

Eastern 2.85x107° 9.23x107° -3.13x107° 1.17x107° 6.84x107° 9.57x10™*

Brong Ahafo 9.85x10°  —2.09x10™ 6.88x10°  -5.33x107* 2.71x107° 1.98x107*

Upper East 2.51x107° 1.43x107 1.72x107 1.73x107* 1.31x10™*  -4.47x10™

Wealth: Poorest -1.26x107° 417x107* -2.98x107 3.09x1072 -3.28x107 1.92x107°

Middle -2.07x107° -1.18x10™ 1.75x10°  -1.59x1073 -3.39x107°  -1.77x107°

Richest -6.97x1078 2.32x107° -1.32x10™%  -4.11x10™ -1.17x10™*  -7.56x107*

5-7 residents 3.02x107%*  -6.20x107* —-1.95x107™* -3.39x107%* -2.82x10™  -9.04x10™*

Household access -1.63x107™* -2.44x107 6.28x107° 5.69x107* 1.56x107° 2.13x1073
to an improved

water source:

Improved

Household access -1.26x10™ -4.05x107° -8.39x107°  -1.29x107%* -2.03x10™%  -1.16x107°
to improved

sanitation: Improved

not shared

Not improved -5.89x10™"*  -5.22x10™* 4.67x107° 4.03x107 -5.66x107° 413x107°

18-34 -2.08x107° -2.07x107° -1.18x10™*  -6.11x107° -1.16x10™ 4.36x107°
Marital status: Never  -1.86x107 -1.46x107* 5.92x107*  1.57x107™* 3.97x107* 2.18x107%*
married

Continued

(3]

Dwomoh D, et al. BMJ Global Health 2019;4:e001658. doi:10.1136/bmjgh-2019-001658 1



BMJ Global Health

||

2003 GDHS-2008 GDHS 2003 GDHS-2014 GDHS 2008 GDHS-2014 GDHS
Endowments Coefficient Endowments Coefficient Endowments Coefficient
Formerly married -6.74x107° 1.90x107* 1.13x107°  -2.33x107* —7.73x10°  —1.42x107®

Primary 2.48x107* 7.18x107 -2.66x10-7 -1.09x1073 1.15x10®  -6.89x107*

Tertiary -4.13x10™*  -7.84x107° 1.58x107 1.19x107 6.04x107° 1.39x107°

Female -6.28x107° 1.43x107 3.27x107°  -7.71x10™* 1.20x10°  -1.52x107°

Multiple birth 5.83x107%*  -4.99x107° 1.91x10™** -4.53x107° 1.56x107*  3.74x107*

Second -1.32x107™ -1.91x10™ -1.06x107° 7.96x107* -3.71x107® 2.50x107°

Fourth or higher —2.48x107 2.61x10™ -3.13x107 1.43x107° -6.85x107° 5.93x107

Yes 2.27x107° -1.44x10™ 4.20x107* 8.37x107° 3.99x107°  —2.47x107™*

One or more -3.37x107%*  _1.82x107* -2.16x107* _2.30x107° -3.73x10™  3.69x107°

Percent 94.22 5.78

P value notation: ***p<0.001, **p<0.01, *p<0.05.

27.43

72.57 5.09 94.92

DHS, Demographic and Health Surveys; GDHS, Ghana Demographic and Health Surveys.

before the first birthday and this result is consistent with
a similar study by Ezeh et al* and Setty-Venugopal et al.*®

Country-level analysis using penalised regression
technique identified FLFP as an important indicator
associated with both infant and underfive mortality.
The multivariate decomposition analysis revealed that
the changes in the prevalence of some selected indica-
tors especially household size, multiple births and the
number of children sleeping under-bednet contributed
significantly to the change in both infant and underfive
mortality between 2003-2008 and 2003-2014.

Relationship between multiple births and child mortality

The risk of infant death among multiple births was rela-
tively high for each independent survey data set that was
analysed. The finding is consistent with several studies
in the medical literature.?® %’ Multiple births are classi-
fied among high-risk pregnancies and births, especially
in developing countries where the healthcare system is

faced with challenges of providing basic public health
and maternal and child healthcare to their popula-
tion.”®*

life indicating that the higher mortality rate for multiple
births may be partly due to pregnancy or birth-related
factors. For instance, multiples are more likely to have
fetal heart rate abnormalities, born prematurely, have
intrauterine growth restriction and congenital abnor-
malities, weigh less at birth and more likely to have
complications around the time of labour and delivery,
such as umbilical cord prolapse or premature separa-
tion of the placenta as reported by the England National
Health System (https://www.nhs.uk/). A more worri-
some effect of multiple births in Ghana as observed in
this study is the fact that the impact is not declining over
time.

—h
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L,penalisation: L

Rigorous
Rigorous theory-driven
theory-driven penalisation
penalisation for square LASSO based
for LASSO root LASSO on extended
using covariate using covariate Bayesian
dependent penalty dependent penalty ten folds cross- information

level level validation LASSO criteria

Internet use -0.15 -0.10 -0.10

Birth rate 2.30

Tuberculosis 0.06 0.05

|
o
@
o

|
o
\l
~

Access to drinking water-rural

Prevalence of HIV 0.92

Government expenditure on education -0.03 -0.01

-0.07 -0.18

|
o
N
w

Internet use

Birth rate 4.38 2.47

Tuberculosis 0.10

Access to drinking water-rural -1.41

Prevalence of HIV 1.62

Government expenditure on education -0.04

Parameter estimates were based on 25 selected country-level covariates. Details of the covariates studied can be found in online
supplementary S8.
LASSO, Least Absolute Shrinkage and Selection Operator.

Relationship between birth spacing and child mortality

The bivariate analysis of birth spacing and mortality
showed that a preceding birth interval of fewer than 24
months was associated with a three to a sixfold increase in
infant mortality risk although the effect size estimate was
unadjusted because the survey measured birth interval
for most recent birth. Although the negative effect was
found to be consistent over time (2003, 2008 and 2014),
the results should be interpreted with caution. None-
theless, our finding was consistent with previous studies
conducted in lower and middle income countries.”" *
The relationship between birth spacing and child survival
could be explained by the fact that women with shorter
birth spacing have a higher risk of pre-eclampsia, high

blood pressure and premature rupture of membranes
compared with those with an interval of 27-50 months.*

Effect of sleeping under bednet and child mortality
This study found that increasing the number of children

insecticide-treated bednet in reducing malaria incidence
and all-cause child mortality has been well documented
in the literature.” Ghana is among the countries in
SSA that have benefited from the US President Malaria
Initiative (PMI) since 2007 and the Global Fund in 2003
up until. The goal of these two major policy initiative is
to decrease the incidence of malaria and malaria-related
morbidity and mortality to the barest minimum through

Dwomoh D, et al. BMJ Global Health 2019;4:e001658. doi:10.1136/bmjgh-2019-001658
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the distribution long-lasting insecticide-treated bednet,
indoor residual spraying and intermittent preventive
treatment of malaria for pregnant women.

Impact of female labour force participation on child mortality
FLFP was associated with the reduction of both infant
and USMR. The inverse relationship between FLFP
and child survival is consistent with a more recent study
in Nigeria® but contrast similar studies conducted in
Nepal.”” * Authors that found a negative impact of FLFP
explained that mothers who are economically active and
hold certain key positions in society may not have time
for their children exposing them to series of life-threat-
ening diseases and other environmental hazards.”

On the contrary, mothers who are in the active labour
force are more empowered with higher decision-making
and have the financial muscle to pay for childcare support
in her absence, provide basic healthcare in times of need,
and provide nutritious food and improved sanitation and
access to clean water for her children thereby reducing
the risk of death.*” The level of disagreement among
different authors on the impact FLFP in medical litera-
ture requires a more rigorous study design to determine
the full benefit of FLFP on child survival.

Relationship between household size and child mortality

The observed protective effect of household size may
not necessarily be the size of the household but the
benefit of having more educated and experience house-
hold members to advice on critical child and maternal
healthcare challenges. More research needs to be done
to better understand the dynamics of household size and
its relative effect on child survival in Ghana.

Strengths and limitations of the study

The use of 2003, 2008 and 2014 versions of the GDHS
increase the sample size and the power of the study.
Performing survey specific and pooled analysis allowed
us to determine factors that have been consistent in
affecting child survival in the last decade. The GDHS
is a well-designed nationally representative survey with
an average response rate of 97%. Second, the used of
Poisson based decomposition analysis allowed us to
determine factors contributing to the decline in child
mortality between two specific surveys. Application of
more rigorous penalised regression technique allowed
us to determine the effect of several country-level factors
associated with child mortality despite the high dimen-
sional nature of the data and its related problems like
overitting model complexity and multicollinearity.

Our study, however, has some limitations. First, the use
of secondary data prevented us from including in our
different model’s other factors that were more likely to
be associated with early neonatal deaths such as pregnan-
cy-induced hypertension, gestational age of the fetus in
weeks, antepartum haemorrhage, diabetes, eclampsia,
history of previous stillbirth, history of neonatal death,
weight of mother at registration, haemoglobin at

registration, malaria intermittent preventive treatment
doses for pregnant women and premature rapture
membrane, environmental and genetic factors. These
factors are equally important and should not be over-
looked when implementing interventions to reduce child
mortality. Finally, most cross-sectional studies are subject
to recall bias and are more difficult to use data that orig-
inate from surveys to establish causality since both the
exposure and the outcome measures are determined at
the same time.

Policy implications

Our findings indicate the need to assign more qualified
medical personnel to the rural areas of Ghana to address
the menace of multiple births. There should be regular
training for health professionals based on clearly defined
policy on multiple births delivery and how the policy
document will guide health professionals to reduce the
risk of child mortality associated with multiple births. The
scheduled training regimen may include but not limited
to nutrition requirement for mothers carrying multiple
pregnancies, more frequent prenatal visits, maternal and
fetal testing, cervical cerclage, corticosteroid medica-
tions, and tocolytic medications. To reduce the burden
of multiple births related to mortality, women carrying
multiple births should be educated on how to manage
multiple pregnancies.

Postpartum family planning could also be encouraged
to minimise multiple pregnancies. The monitoring of
fetal growth during ANC attendance will give health-
care providers the opportunity for increased surveillance
of these high-risk groups especially intensive care of
multiple births is likely to be very important during the
first month of life.*' WHO recommendation on antenatal
corticosteroid therapy for women at risk preterm birth
with a single or multiple pregnancies should be adhered
to by health professionals.

The MOH and the GHS should empower and use the
media (radio, television and social media), community
health workers and other healthcare professionals to
provide intensive education about child spacing and
contraceptive use by mothers. The Government of Ghana
and foreign partners (PMI, Global Fund, USAID, etc.)
should endeavour to sustain the gains made in the reduc-
tion of child mortality by increasing coverage of bednet
use among children and pregnant women and inten-
sify education on malaria preventive measures. Specific
interventions that are likely to increase FLFP such as
Savannah Accelerated Development Authority, Planting
for Food and Jobs and Livelihood Empowerment Against
Poverty programme should be enhanced and scale-up to
meet the growing female population.

CONCLUSIONS

The analysis of the individual surveys and the pooled data
analysis of the 2003, 2008 and 2014 GDHS data sets showed
that multiple births and shorter birth interval have an

18
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adverse effect on child survival in Ghana. However, the
increase in FLFP and increase in household ownership
and the use of bednet were the three main indicators
associated with the reduction in child mortality in Ghana
between 2003 and 2014. We observed that some regions
have a significantly elevated risk. Future studies could
employ Geospatial modelling technique to understand
the heterogeneity in space and time to further improve
policy and decision making relative to the geographical
location.
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