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ABSTRACT

Objective Countries in sub-Saharan Africa suffer the
highest rates of child mortality worldwide. Urban areas
tend to have lower mortality than rural areas, but these
comparisons likely mask large within-city inequalities.
We aimed to estimate rates of under-five mortality (U5M)
at the neighbourhood level for Ghana’s Greater Accra
Metropolitan Area (GAMA) and measure the extent of
intraurban inequalities.

Methods We accessed data on >700000 women

aged 25-49 years living in GAMA using the most recent
Ghana census (2010). We summarised counts of child
births and deaths by five-year age group of women

and neighbourhood (n=406) and applied indirect
demographic methods to convert the summaries to
yearly probabilities of death before age five years.

We fitted a Bayesian spatiotemporal model to the
neighbourhood U5SM probabilities to obtain estimates
for the year 2010 and examined their correlations with
indicators of neighbourhood living and socioeconomic
conditions.

Results U5M varied almost five-fold across
neighbourhoods in GAMA in 2010, ranging from 28
(95% credible interval (Crl) 8 to 63) to 138 (95% Crl

111 to 167) deaths per 1000 live births. U5M was
highest in neighbourhoods of the central urban core and
industrial areas, with an average of 95 deaths per 1000
live births across these neighbourhoods. Peri-urban
neighbourhoods performed better, on average, but rates
varied more across neighbourhoods compared with
neighbourhoods in the central urban areas. U5SM was
negatively correlated with multiple indicators of improved
living and socioeconomic conditions among peri-

urban neighbourhoods. Among urban neighbourhoods,
correlations with these factors were weaker or, in some
cases, reversed, including with median household
consumption and women'’s schooling.

Conclusion Reducing child mortality in high-burden urban
neighbourhoods in GAMA, where a substantial portion of
the urban population resides, should be prioritised as part
of continued efforts to meet the Sustainable Development
Goal national target of less than 25 deaths per 1000 live
births.
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Strengths and limitations of this study

» We accessed the full microdata of the latest census
(2010) in Ghana that contained birth history data for
over 700000 women aged 25-49 years living in the
Greater Accra Metropolitan Area.

» Georeferenced census data allowed for estimation
of under-five mortality at the fine spatial scale of
neighbourhood, with full coverage of the Greater
Accra Metropolitan Area.

» We used a flexible Bayesian spatiotemporal model
that allowed each neighbourhood’s mortality esti-
mate to be informed by its own data and that of sur-
rounding neighbourhoods, and incorporated weights
for the number of births recorded.

» Under-five mortality was indirectly calculated from
the summary birth history data because complete
birth and death registration data were unavailable.
These data may be subjected to recall errors.

» No data were available on the cause of death.

BACKGROUND

Recent decades have delivered marked
reductions in child mortality across all world
regions." Despite improvements, almost 8%
of all deaths globally in 2019 were children
under five years of age,” mostly due to prevent-
able and treatable causes linked to infection
and malnutrition.® The rate of underfive
mortality (U5M) in sub-Saharan Africa
(SSA) far exceeds other regions, estimated at
76 deaths per 1000 live births in 2019, and
under-five deaths in the region account for a
growing proportion of the global total.'

On average, children living in cities across
low-income and middle-income regions have
a survival advantage over their rural coun-
terparts, largely due to improved education,
employment and healthcare opportunities
in urban areas.”™® While still predominantly
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rural, SSA has the world’s fastest-growing urban popula-
tion and cities are expected to absorb over 75% of the
region’s population growth over the next three decades.”
This offers many opportunities for continued improve-
ment in child mortality, however, infrastructure and basic
service provision remain major challenges for cities in the
region, exacerbated by the rapid pace of urban population
growth. Over half of the urban population—more than
in any other world region—Ilives in slums and informal
settlements that are often characterised by poverty and
concentrated deprivation.®

The social determinants of health refer to the conditions
in which people are born, grow, live, work and age and
have important influence on health inequalities.” '’ Social
gradients in the health of children are well documented,
whereby children born into deprivation have lower
chances of survival and prosperity.”" In cities, health
outcomes and their social, economic and environmental
determinants can vary dramatically between households
and neighbourhoods."*"” The mortality gap between chil-
dren living in slum versus non-slum urban areas in SSA,
for example, can be as large as the gap between rural and
urban children.® "' Inadequate housing, electricity and
clean fuel access, water and sanitation facilities, nutrition
and healthcare services are among the pathways through
which low income or education levels, among other
factors termed ‘social stratifiers’,” can increase the suscep-
tibility or hazardous exposures of those most deprived.
These mechanisms can act at the individual and house-
hold level or at the area level, whereby people with the
fewest means are spatially sorted into neighbourhoods
with the poorest infrastructure, known as segregation.'” '*
This in turn can contribute to intraurban health inequal-
ities, including in child mortality, seen at the small area
level, where advantage tends to cluster.' %192

There is substantial evidence that health outcomes
vary at small spatial scales® ° and local neighbourhood
factors are increasingly recognised as important drivers
of population health inequalities.”’ 2" Subnational esti-
mates of child mortality are often at too course of a scale
to capture local variation across cities.”” *' * Increased
knowledge of the spatial heterogeneity of child mortality
within cities at finer scales in SSA countries is necessary
to target interventions and programmes towards high-
risk populations, accelerate progresstoward the United
Nations Sustainable Development Goal (UN SDG) target
of less than 25 deaths per 1000 live births for all countries
by 2030 (Goal 3, Target 3.2)*° and better understand the
determinants of such inequalities.**

With unique access to the complete records of the
most recent Ghana Population and Housing Census,”
we aimed to estimate rates of USM at the neighbourhood
level across the Greater Accra Metropolitan Area (GAMA),
providing insight into the magnitude of intraurban
inequalities in child mortality within a rapidly growing,
low-middle-income city. We quantified U5M rates for
2010, the year of the census, and, aligned with previous
studies using census data, examined their relationships

with neighbourhood-level indicators of socioeconomic
and living conditions.”' ** * This study was conducted
within the Pathways to Equitable Healthy Cities study
(http://equitablehealthycities.org/).

METHODS

Study setting

Ghana is among the most urbanised countries in SSA
with an estimated urban population of over 18million
in 2021 (58% of the total population), that is growing
by ~3% each year.” GAMA is Ghana’s administrative and
economic capital and accounted for 29% of the country’s
urban population in 2010.% It covers ~1500km® on the
southern coast of the Greater Accra region. According
to the 2010 census, GAMA comprises 5019 enumera-
tion areas (EAs)—the smallest administrative geograph-
ical unit in Ghana—nested within 406 localities and 12
districts or ‘municipalities’ (figure 1).

The centrally located Accra Metropolitan Area
(AMA)—together with the more heavily industrialised
Tema and Ashaiman municipalities to the southeast—
contain the most densely populated neighbourhoods.
AMA contains the central business district and functions
as the city’s commercial, industrial and administrative
centre.”® > Rapid development since Ghana’s indepen-
dence in 1957 has contributed to increased congestion
in AMA’s residential areas. Planned residential neigh-
bourhoods in AMA remain as legacies of the colonial era,
while migrants and low-income individuals have been
pushed into slums and other low-income neighbour-
hoods that can lack basic services and infrastructure.”
Tema is GAMA’s planned industrial hub with structured
housing developments and services, and was the fastest-
growing municipality following independence. A small
fraction (~5%) of GAMA’s population lives in areas clas-
sified in the 2010 census as rural, mostly in northern
GAMA and predominantly in the Ga West and Ga South
districts. These districts are characterised by sprawling
urban development with high rates of population growth
since the 1970s due to congestion of the city centre.”*

Overall, the UbM rate in Ghana almost halved from
1990 to 2010, though considerable subnational inequality
persisted." ' ** During this period, the government imple-
mented several national health policies and programmes
to improve the use and delivery of maternal and child
healthcare services.” The National Health Insurance
Scheme (NHIS) provides free healthcare to participants*’
and, in 2008, enrolment was made free of charge for
pregnant women and children under 18 years of age.*'
Antenatal and postnatal visits, facility delivery (including
emergency obstetric care) and neonatal care are all
included under the scheme. The User Fees Exemption
for Delivery Care was scaled up in 2005 and exempts
pregnant women who are not enrolled in NHIS from
paying delivery fees."” Ghana’s 2007-2015 Child Health
Policy aimed to unify fragmented programme delivery
under a recommended continuum of care for mothers
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Figure 1 The Greater Accra Metropolitan Area (GAMA) with neighbourhood boundaries shown in grey and district boundaries
shown in black (grey) (source: Ghana Statistical Service). Urban neighbourhoods are shown in purple and peri-urban
neighbourhoods shown in green. The inset shows the location of GAMA in Ghana and Western Africa.

and children, scaling up interventions with proven effi-
cacy to prevent child deaths, including, for example, oral
rehydration therapy and zinc for treatment of diarrhoea,
vitamin A supplementation and antibiotic treatment for
pneumonia.43 Together, these efforts have contributed
to reductions in overall child mortality and in inequal-
ities between subregions, though wider concerns have
persisted over the quality of care.”* In Accra, women
enrolled in NHIS were found more likely to seek
formal care and visit clinics, but enrolment rates were
lower (under 35%) among women of childbearing age
compared with women over the age of 50.*1 Although
most births (>90%) in Greater Accra take place in a
health facility in the presence of a skilled health profes-
sional, the coverage rate of age-appropriate vaccines in
children drops with age (from 76% to 48% comparing
children aged 1 vs children aged 2-3 years, respectively).
This indicates considerable variability in continued access
to care for children.*

Data

We accessed the full microdata of the most recent Ghana
Population and Housing Census, conducted in 2010, via
the Ghana Statistical Service. The census collected infor-
mation on the number of children born and surviving
at the time of survey, known as their summary birth
history, for all women aged 12 years and older. Other
individual and household characteristics captured in the
census include employment status, occupational industry,
schooling level, literacy, household amenities (including
type of cooking fuel, drinking and non-drinking water
source, sanitation facilities, lighting source and waste
disposal method in use), dwelling type and structural

features (including roof, floor and wall materials) and EA
of residence. Together, these provide information on the
socioeconomic and living environments.

We obtained a shapefile from the Ghana Statis-
tical Service with all GAMA EAs, localities and districts
geocoded according to the 2010 census geographies.
Localities within GAMA were the neighbourhood units
used in our analysis, each containing between 1 and 95
EAs. We linked the census data and the shapefile using
codes that uniquely identified EAs to determine each indi-
vidual’s neighbourhood of residence. Neighbourhoods
were defined by the Ghana Statistical Service and are the
administrative units at which urban versus rural classifica-
tion is defined in Ghana; those with 5000 inhabitant or
more are considered urban, and rural otherwise. Some
neighbourhoods were recently subdivided due to popula-
tion growth and, thus, did not meet the urban population
threshold despite the urban designation of their constit-
uent EAs in the census. We, therefore, classified GAMA
neighbourhoods as urban or periurban according to the
historic census-derived urban—rural designation of their
constituent EAs. Most neighbourhoods (98%) comprised
exclusively urban or exclusively rural EAs. We classified
neighbourhoods that contained both urban and rural
EAs as urban if over 50% of the population lived in urban
EAs and periurban otherwise (figure 1). Ghana does not
have an official definition that distinguishes periurban
from rural neighbourhoods; however, we used the term
periurban to better describe ‘rural’ neighbourhoods that
are located within the administrative border of GAMA
on the periphery of the densely populated inner-city and
industrial areas (figure 1).
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To assess UbM, we summarised the birth history data of
women of reproductive age (15-49 years) by five-year age
group and neighbourhood. The Maternal Age Cohort
(MAC) method was used to estimate the neighbourhood
probability of death for children before the age of five
(5q0) for each five-year age group, based on the number
of children ever born, proportion of children who have
died and average parity.*® The MAC method outperforms
alternative methods for estimating USM from summary
birth history data for subnational populations.*” Each 5q0
was assigned to a reference year prior to the census, using
maternal age as a proxy measure for duration of exposure
to risk of death for a child. The assigned 5q0 reference
years covered the period from 1990 to 2005. We excluded
5q0 estimates derived from women aged 15-19 and 20-24
years, owing to the low numbers of births recorded for
these age groups in many neighbourhoods, which could
lead to spurious fluctuations in the 5q0 estimates, espe-
cially in the more sparsely populated periurban areas.
Notably, this is common practice when using demo-
graphic methods to estimate population U5M rates.****
This left five 5q0 estimates for each neighbourhood (one
derived from each five-year age group of women aged
25-49 years).

Statistical analysis

To obtain neighbourhood estimates of 5q0 for 2010,
the year of the census, we fitted a Bayesian spatio-
temporal model to the MAC-derived 5q0 estimates
across all 2030 neighbourhood-reference year units,
transformed to the probit scale. The model included
a linear time trend that could vary by neighbourhood.
The time trend allowed data from different reference
years, each of which is associated with a different age
group, to inform the 5q0 in 2010. The neighbour-
hood intercepts and slopes were modelled using the
Besag, York and Mollié model,49 where information
is shared locally (ie, among adjacent neighbour-
hoods) through spatially structured random effects
with a conditional autoregressive prior and globally
through spatially unstructured Gaussian random
effects. Neighbourhood-specific intercept and slope
values were estimated by the sum of their respective
spatially structured and spatially unstructured random
effects. The prior distributions in the Bayesian frame-
work allow the neighbourhood-specific parameters
to be estimated by a neighbourhood’s own data and
data of contiguous neighbourhoods. This approach
balances overly unstable within-neighbourhood esti-
mates and overly simplified aggregate estimates for
all of GAMA. The reported estimate for the wealthy
Ringway neighbourhood in AMA is informed entirely
by data in bordering neighbourhoods as the data on
child deaths were considered implausible (see online
supplemental appendix 1). To account for excess vari-
ability resulting from small numbers of children born
to women in a given age group and neighbourhood,
we included a weighted variance term that gave more

weight to estimates derived from a higher number of
births. Samples from the posterior distributions of the
intercepts and slopes were used to estimate 5q0 for
the year 2010.

To avoid infinite values on the probit scale, we
adjusted all MAC-derived 5q0 estimates of zero
(n=146; 7%) to half the minimum estimated non-zero
value across all units (0.00316). We conducted sensi-
tivity analyses to ensure that our results were robust
to this choice by replacing zero estimates with a lower
value of 0.0001 and with the minimum estimated non-
zero 5q0.

We monitored convergence using trace plots and
obtained 5000 post burn-in samples from the posterior
distributions of model parameters. We summarised
the distributions of neighbourhood-specific param-
eters to report neighbourhood U5M estimates and
mean USM across neighbourhoods within districts for
2010, with 95% credible intervals (CrI) that represent
the mean and the 2.5th and 97.5th percentiles of the
posterior samples, respectively. We present neighbour-
hood U5M estimates as deaths per 1000 live births.

We calculated neighbourhood-level summary statistics
of individual and household characteristics to provide
context for our mortality results. We used the within-
neighbourhood median household consumption as a
measure of neighbourhood socioeconomic level. House-
hold consumption is considered a better indicator of
living standards than household income in low-income
and middle-income settings.”’ ' The census did not
include consumption data, so we used small-area esti-
mation methods to indirectly calculate consumption
based on household characteristics described in detail
elsewhere.”® Briefly, we used the 2012 Ghana Living Stan-
dards Survey to develop a statistical relationship between
household characteristics and consumption. Then using
those same household characteristics, we predicted
consumption for households in the census. We addi-
tionally calculated population density; the proportion
of the women of reproductive age (15-49 years) who
were literate, had schooling to at least primary, middle,
secondary and postsecondary levels; the proportion of
the working age (15—64 years) population in any employ-
ment and in primary, secondary and tertiary sector occu-
pations; and the proportion of households with indicators
of improved living conditions (including dwelling type,
materials of flooring, roofing and walls, methods of solid
and liquid disposal, type of toilet facility, type of cooking
fuel and type of drinking and other water source). Details
of our classification of the census responses into indica-
tors of ‘improved’ versus ‘unimproved’ living conditions
are provided in online supplemental appendix 2.

We measured the correlations between neighbourhood
U5SM and neighbourhood socioeconomic and living envi-
ronment indicators using the non-parametric Spearman’s
rank method. We measured the correlations across all
GAMA neighbourhoods and separately across urban and
periurban neighbourhoods.
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(A) Neighbourhood under-five mortality in the Greater Accra Metropolitan Area (GAMA) in 2010, by district. The

black vertical line and box show the median and IQR of under-five mortality across neighbourhoods in a district and the red
vertical line shows the mean. (B) The contribution of neighbourhoods in each district to each decile of neighbourhood under-five
mortality. Decile 1 groups the 10% of neighbourhoods with the lowest under-five mortality rates and decile 10 groups the 10%

of neighbourhoods with the highest under-five mortality rates.

All analyses were implemented in the open-source
statistical software R V.3.6.1. The Bayesian model was
implemented using the NIMBLE package V.0.9.1.

Patient and public involvement
The study used secondary data only.

RESULTS
There were 713581women aged 25-49 years living in
GAMA in 2010, who reported a total of 1425008 chil-
dren, 1312030 (92.1%) of whom were alive at the time of
the census. The number of women in this age range per
neighbourhood ranged from 15 to 16061 (median=564).
The proportion of their children born who had died
ranged from 0% to 20% across neighbourhoods.

In 2010, the mean neighbourhood U5M rate in GAMA
was 80 deaths per 1000 live births (95% Crl 76 to 84).
This compares to an estimated 69 deaths per 1000 live

Greater Accra Metropolitan Area

births nationally in Ghana.' Across all of GAMA, neigh-
bourhood U5M varied almost five-fold, ranging from 28
deaths per 1000 live births (95% CrI 8 to 63) in the Fant-
senkor neighbourhood located in the north of GAMA
to 138 deaths per 1000 live births (95% CrI 111 to 167)
in the Mamobi neighbourhood in the city’s urban core
(figures 2A and 3). The variation was higher across peri-
urban neighbourhoods compared with across urban
neighbourhoods, ranging from 28 to 116 versus from 52
to 138 deaths per 1000 live births, respectively.

We found substantial variation in UBM between and
within GAMA’s 12 districts. The within-district mean
neighbourhood U5M was highest at 101 deaths per 1000
live births in the Tema (95% CrI 89 to 113) and Ashaiman
(95% Crl 89 to 114) municipalities situated in the south-
east and east of GAMA, respectively. Both municipalities
comprised only urban neighbourhoods. The within-
district mean neighbourhood UbM was lowest in the

Accra Metropolitan Area

Under—five mortality rate
(deaths per 1,000 live births)

120
100
80

60

I40

Figure 3 Under-five mortality rates in neighbourhoods of the Greater Accra Metropolitan Area (GAMA) in 2010. Neighbourhood
boundaries are shown in grey, and district boundaries are shown in black. The Accra Metropolitan Area (AMA) bourndary is
emphasised. The colour scale diverges at the mean under-five mortality rate across all GAMA neighbourhoods. Neighbourhoods
with USM above the GAMA average are shown in orange; neighbourhoods with U5M below the GAMA average are shown in

purple.
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northern Ga West district (60 deaths per 1000 live births,
95% Crl 52 to 68), where over 70% of neighbourhoods
were considered periurban (figure 2A). Although Ga West
had the lowest mean mortality among GAMA districts, it
had the highest within-district inequality (measured as
the relative difference between the neighbourhood with
the highest vs lowest mortality), with a 3.6-fold difference
between the worst- and best-performing neighbourhoods.
Within-district inequality was lowest in the Ga Central
and Kpone Katamanso municipalities (1.4-fold difference
across neighbourhoods).

The 10% of neighbourhoods with the lowest U5M
were concentrated in just three neighbouring districts in
western GAMA, namely, Ga West, Ga East and Ga South.
The 10% of neighbourhoods with the highest UbM were
more dispersed, presentin eight of the 12 GAMA districts,
though over a third of the highest mortality neighbour-
hoods fell within the urban core of AMA (figure 2B).
Neighbourhood mortality was consistently high in AMA,
where 80% of neighbourhoods (n=64) had U5M rates
higher than the mean across GAMA neighbourhoods.
This was true also for the Tema and Ashaiman municipal-
ities, where 95% and 100% of neighbourhoods, respec-
tively, had higher than average U5M (figure 3). The
spatial pattern of UM reported was unchanged in our
sensitivity analyses (online supplemental appendix 3).
The mean absolute difference in neighbourhood U5M
estimates was 2.24 deaths per 1000 live births in our anal-
ysis replacing zero estimates of 5q0 with 0.0001 and —0.73
in our analysis replacing zero estimates with the minimum
estimated non-zero 5q0 value.

The correlations between neighbourhood UM
and indicators of improved living and socioeconomic
conditions in periurban areas were distinct from urban
neighbourhoods located mostly in the urban core and
industrial areas (table 1). In periurban areas, U5M
was inversely correlated with most of the indicators of
improved neighbourhood conditions analysed. The
strongest associations were with the proportions of neigh-
bourhood residents living in houses built with improved
wall and roof materials, and with an improved lighting
source, followed by the share of women aged 15-49 with
at least primary or middle school education or who were
literate (Spearman’s p: —0.41 to -0.50). By comparison,
correlations were weaker or reversed in urban neighbour-
hoods. Similar inverse correlations, though smaller in
magnitude (Spearman’s p: —0.14 to -0.23), were found
with the share of working age population engaged in
secondary or tertiary sector occupations and the propor-
tion of residents living in housing with improved wall
and roof materials. No relationship was found for several
indicators, including levels of women’s literacy and access
to improved drinking water source (Spearman’s p: 0.12
and -0.02, respectively). For others, there was a positive
correlation, most notably with indicators of socioeco-
nomic status, for example, the share of women educated
to middle school level or above and average household
consumption (Spearman’s p: 0.14 to 0.35).

DISCUSSION

Our high spatial resolution analysis of child mortality
in GAMA, one of the largest metropolitan areas in SSA,
revealed considerable intraurban inequality in UbM, with
the highest levels in neighbourhoods located in the city’s
urban core and more heavily industrial areas. Notably,
even GAMA’s lowest mortality neighbourhood had a
mortality rate equivalent to the Dominican Republic
and Bhutan, which ranked 129th and 130th, respectively,
among countries and territories worldwide in the UN’s
most recent estimates.' At present, no country has an
estimated average child mortality rate as high as GAMA’s
highest mortality neighbourhood.

A general pattern of higher child mortality extended
across inner-city and more industrial neighbourhoods,
despite higher median household consumption and
generally higher levels of post-primary education among
women in these neighbourhoods relative to their peri-
urban counterparts. Moreover, child mortality tended to
be higher in better-off neighbourhoods of urban GAMA.
The spatial concentration of people across a wide socio-
economic spectrum may generate what has been termed
‘negative health externalities’,'> whereby localised
inequalities compromise the real or perceived capacity of
low-resourced individuals to sustain good health. House-
holds that are better off may be negatively impacted
by environmental degradation that is not bounded by
household or neighbourhood boundaries, for example,
poor community sanitation or air pollution from neigh-
bours’ solid waste burning or household use of solid fuel
stoves.””™ It is important to highlight, however, that we
cannot draw firm conclusions regarding the harmful
impact of localised socioeconomic inequalities on the
health of individuals within neighbourhoods from these
observed correlations in our study. Associations at the area
level that include neighbourhoods with diverse popula-
tions may simply obscure any association between wealth
and health operating at the individual or household level.

Child mortality can be seen in some places to follow
historical patterns of socioeconomic segregation in
central Accra.'” The wealthier Cantonments neighbour-
hood—home to European settlers in the colonial era—
was among the pockets of lower-than-average UbM (63
deaths per 1000 live births), contrasted with higher rates
found in low-income or ‘slum’ neighbourhoods, including
Mamobi, Nima and New Town (83-138 deaths per 1000
live births). However, other low-income neighbourhoods
had U5M rates below the GAMA average, for example,
Jamestown and Sabon Zongo. The health penalty of areas
with concentrated poor living conditions that arise from
rapid, unplanned population growth, compiled by under-
investment in public services and infrastructure, in SSA
cities is well established and supported by previous studies
conducted in central Accra and Nairobi.’ "* ** The
high mortality rates in city slums in Kenya is thought to
have contributed to stalled progress in urban compared
with rural areas.”® The variation seen across poor areas
suggests distinct characteristics of these neighbourhoods
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and vulnerabilities of the people living in them.” %%

Lower U5M rates in some of these neighbourhoods may
reflect the success of targeted interventions to reduce
mortality in the poorest communities.**

We observed the lowest rates of USM in periurban
neighbourhoods, where residents can still benefit from
the urban services that contribute to improved child
survival in cities, but avoid the potential hazards of inner-
city living. A healthy selection effect may also contribute
to the observed pattern of U5M, where recent develop-
ment of periurban neighbourhoods has encouraged
wealthier residents to move out of the inner city in search
of better standards of living. Some of the areas considered
periurban in the Ga districts are more recently developed
neighbourhoods mostly occupied by middle-income
and high-income individuals. Our finding of lower U5M
in neighbourhoods with improved socioeconomic and
living conditions in the periurban area is consistent with
the established social gradient in child mortality”"" and
with evidence linking the neighbourhood environment
to population health inequalities.?’ ™ It may reflect
greater access to services including healthcare for women
in these neighbourhoods, which can influence the health
of mothers and their children. However, these reported
ecological correlations only provide broader context to
the observed spatial patterns of U5SM across GAMA and
should not be interpreted as causal.

A notable strength of our study is the fine spatial
resolution of our USM estimates, enabled by access to
the full microdata of the 2010 census, including birth
histories of over 700000women. Previous knowledge of
child mortality inequalities in the metropolitan area was
limited to broad district aggregates® ** or smaller areas
in the urban core,” ® thereby excluding almost half of
GAMA’s total population, including residents of the
rapidly developing Ga districts and the industrial Tema
area.” In the absence of complete birth and death regis-
tration, summary birth history data used in our study can
produce robust estimates of UsM®’ that are comparable to
estimates directly calculated from complete birth history
data that require detailed questionnaires.”” ® The ease
of summary birth history collection allows for its inclu-
sion in national censuses and, in turn, analysis of U5M
at finer spatial scales than is achievable through sample
surveys.” Our use of census data also enabled straightfor-
ward linkage of mortality outcomes with data on socioeco-
nomic and living conditions at a common, local spatial
scale and avoided issues of sample representativeness.
Specifically, the data analysed were of all women aged
25-49 years in GAMA at the time of enumeration, and
included those living in regular housing (n=696279),
homeless women/outdoor sleepers (n=13950), women
who were in schools, hospitals, army and service barracks
and prisons (n=2361) and a small proportion from other
locations (n=991). People were not excluded from the
census or this analysis based on migration status. Our
analysis makes important methodological advancements
from available neighbourhood-level U5M estimates in

GAMA.% % First, we used a validated method for the use
of summary birth history data in U5M estimation.*® */
Second, we applied established Bayesian methods widely
used in small area estimation® that allowed sharing of
information across spatial units to make robust estimates
for our study neighbourhoods.

Our results show a different spatial pattern of U5SM
across GAMA compared with previous estimates reported
at the district level that indicated higher UM in the
largely periurban Ga West district and minimal variability
across the rest of GAMA.”" This inconsistency could be
due to a scarcity of data from areas outside the urban core
used in the previous analysis. Their results rely heavily on
data from the Demographic and Health Surveys that, for
example, in 2008, sampled 41women living in only four
EAs in Ga West compared with 299women living in 38
EAs in the AMA. Estimates for Ga West would, therefore,
be informed by data with limited geographical coverage
within the district and data from bordering rural areas,
where child mortality is on average higher.” By compar-
ison, our study included data on children’s births and
deaths from 41270women living in all 92 neighbour-
hoods of GA West.

Our study has several limitations to be considered for
future studies. Changes in GAMA over the last decade
may mean that our results do not reflect current patterns
of UbM. Data from more recent sample surveys in GAMA,
however, lack the coverage, scope and sample sizes of
the census that enabled us to conduct our analysis at the
neighbourhood level. The georeferenced data in the 2021
Ghana census, which is currently in progress, can be used
to provide up-to-date estimates of USM within GAMA and
examine changes since 2010. As is the case for all studies
of child mortality using census or sample survey data, we
were limited to data on neighbourhood of residence at the
time of the census and could not account for relocation
since the death of a child. We also acknowledge that inter-
vention efforts to prevent child mortality would benefit
from more detailed information on the underlying causes
of these deaths and age at which GAMA children are most
vulnerable.””” In our study, we were unable to separately
estimate neonatal, infant or cause-specific mortality rates
with the available methods for mortality estimation from
summary birth history data and are unaware of any other
data that are representative at the neighbourhood level
and would enable this analysis. Investment in national
civil registration systems across SSA, including in Ghana,
could provide these data in real time and enable govern-
ments to monitor changes and progress in lowering child
mortality and reducing inequalities.”” ™ Finally, we high-
light that although we report UM at a fine-spatial scale,
populations within neighbourhoods may still be hetero-
geneous in their child mortality risk and its determinants,
particularly within the more populous inner-city neigh-
bourhoods. This is often discussed in the context of the
Modifiable Areal Unit Problem, a statistical bias that can
arise when area-level measurements are sensitive to the
scale or zoning scheme used.”

8

Bixby H, et al. BMJ Open 2022;12:2054030. doi:10.1136/bmjopen-2021-054030

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* uopuo Jo
Ausianiun ‘s,26.1099 1S A11D 1€ 9202 ‘02 Areniga4 uo jwoo fwg uadolway:diy woly papeojumoq 'Z2zoz Alenuer €T U0 0E0YS0-TZ0z-uadolwag/9eTT 0T Se paysiignd 1s.1i) :uado CING


http://bmjopen.bmj.com/

CONCLUSIONS

Our city-scale results contribute to a small but growing
number of studies showing that within-city variation in
child mortality in SSA can be as large as the difference
between urban and rural areas or between countries.’'* '
Global targets for child mortality, including SDG 3.2, and
related monitoring efforts, focus entirely on national
mortality rates.” ” While important for benchmarking
countries’ overall performance, progress towards SDG
3.2 does not automatically benefit high mortality and
vulnerable population subgroups within countries.”’
The heterogeneity of U5M that we found across GAMA
neighbourhoods motivates more localised and increas-
ingly disaggregated information on child deaths in order
to deliver effective interventions and continue progress
toward meeting national and international targets in a
region with relatively limited public health resources.

The determinants of child mortality are multifaceted,
operate at multiple levels and can also interact with
one another. As Ghana continues to urbanise, its cities
and metropolitan areas, including GAMA, will play an
increasingly important role in building on national child
survival efforts. The heterogeneity in child mortality
across Accra’s neighbourhoods highlights the need for
an explicit focus on equity in the context of rapid urban-
isation in SSA, with an emphasis on the social determi-
nants of health. Concentrated deprivation in households
and neighbourhoods can compound the risk of child
mortality. Our study identified neighbourhoods with
high child mortality in GAMA’s central and industrial
areas, where the urban poor may still face financial and
physical barriers to accessing health services," 7" poten-
tially compounding health risks associated with disad-
vantaged social and living conditions. Universal access
to high-quality healthcare services can mitigate mortality
inequalities in settings where children are born into
different socioeconomic and environmental circum-
stances.”” ™ ™ There are proven, scalable healthcare
interventions that reduce UbM, the causes of which are
often preventable and/or treatable.”” ® In many low-
and middle-income countries, the rise in facility births
has not produced the expected improvements in child
mortality, demonstrating the importance of continued
access to quality care throughout the early years of life
for all children and mothers across the socioeconomic
spectrum.”®!

Child mortality in periurban neighbourhoods was on
average lower than inner-city and industrial areas, but it
was also more variable and inversely correlated with char-
acteristics that indicate improved socioeconomic and
living environments of neighbourhoods. Complemen-
tary investment in developing infrastructure and services
in neighbourhoods outside of the urban core, while
ensuring that conditions in densely populated central
and industrial areas do not deteriorate, could further
contribute to improving child mortality and promoting
health equity.
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Supplementary appendix 1 Relationship between number of children reported dead by women in a neighbourhood (as a proportion of live births) and the average
number live births per woman, by age group of women. Each point represents a neighbourhood, coloured by district.

25-29 30-34 35-39
o Ringway

m
£
o ] eRingwa
° 0.4 gway .
;_: Ringway
s}
c
2 .
5 . . .
g02q° ° ° S, e GAMA district
o LN " e . . . ) . ° caee ® o . ° -
= o e e %®® .. Adenta Municipal
c e 3 °°33 e * ¢ % °°
£ . ° Ll o et ook S < AVA
g o ,'..: e ..’.‘*‘5‘ . Pp% 3 z‘ ’g . ° Ashaiman
IS S 0. :..‘!.::). L O 3O e ® o ¢ Ga Central
200 i . . . Ga East
o
@ 40-44 45-49 0 2 4 6 * Ga South
2 Ga West
§ * Kpone Katamanso
g La Dade Kotopon
£ : ¢ La Nkwananang Medina
= Ringway
© 0.4+ . Lekzokuku/Krowor
= L. * Tema
© Ringway
2 .
E ° .. o
2 0.2 . ot « o oS, .
5 I et
= oe? 8o 208 o o o2 o oo ..
2 ke, Vet . S N
o oo o N

.o.'.;‘-:f'? s “ . . 4 e °e o

0.01 ° .. e : LR ) o
0 2 4 6 0 2 4 6

Average number of live births per woman

For each age group of women, only neighbourhoods in which women collectively reported more than 50 live births are shown. The Ringway neighbourhood was
a consistent outlier across age groups of women and therefore we did not include the summary birth history data of women living in Ringway in our analysis.
Reported estimates for Ringway were therefore informed only by data from surrounding neighbourhoods.
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Supplementary appendix 2. ‘Improved’ or ‘unimproved classification of census responses to questions on household

characteristics.

Household characteristic

Census response

‘improved’

‘unimproved’

Dwelling type

Compound house (rooms)
Flat/Apartment
Semi-detached house
Separate house

Huts/Buildings (different compound)
Huts/Buildings (same compound)
Improvised home (kiosk/container, etc.)
Living quarters attached to office/shop

Drinking water source

Tent

Uncompleted building

Other
Bore-hole/Pump/Tube well Dugout/Pond/Lake/Dam/Canal
Bottled water Rainwater
Pipe-borne inside dwelling River/Stream

Pipe-borne outside dwelling
Protected spring

Protected well

Public tap/Standpipe

Sachet water

Tanker supply/Vendor provided
Unprotected spring

Unprotected well

Other

Water source

Bore-hole/Pump/Tube well
Pipe-borne inside dwelling
Pipe-borne outside dwelling
Protected spring

Protected well

Public tap/Standpipe

Dugout/Pond/Lake/Dam/Canal
Rainwater

River/Stream

Tanker supply/Vendor provided
Unprotected spring

Unprotected well

Solid waste disposal

Public dump (container)
Public dump (open space)

Other
KVIP Bucket/Pan
Toilet facilitics Pit latrine Public toilet (WC, KVIP, Pit, Pan, etc.)
W.C. No facilities (bush/beach/field)
Other
Collected Buried by household

Burned by household
Dumped indiscriminately
Other

Liquid waste disposal

Through drainage into a pit (soak away) Thrown into gutter

Through drainage system into a gutter
Through the sewerage system

Thrown onto compound
Thrown onto the street/outside
Other

Cooking fuel use

Electricity
Gas
Kerosene

Animal waste
Charcoal

Crop residue

Saw dust

Wood

None, no cooking
Other

Electricity (mains)
Electricity (private generator)

Candle
Crop residue

Metal sheet

Solar energy Firewood
Lighting source| Flashlight/Torch

Gas lamp
Kerosene lamp
Other

Burnt brick Earth/Mud

Cement/Concrete Wood

.| Ceramic/Porcelain/Granite/Marble tiles Other
Floor material

Stone

Terrazzo/Terrazzo tiles

Vinyl tiles

Cement/Concrete Bamboo

Mud/Mud bricks/Earth

Roof material]Roofing tile Thatch/Palm leaf or Raffia
Slate/Asbestos Wood
Other
Burnt bricks Bamboo
Cement blocks/Concrete Mud brick/Earth
Wall material Landcrete Palm leaf/Thatch (grass)/Raffia
Metal sheet/Slate/Asbestos Wood
Stone Other
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Supplementary appendix 3. Under-five mortality rates in neighbourhoods of the Greater Accra
Metropolitan Area from sensitivity analyses replacing zero MAC-5q0 estimates with a) 0.0001 and b)
the minimum estimated non-zero 5q0 (0.00632). Neighbourhood boundaries are shown in grey, district
boundaries are shown in black. The colour scale diverges at the mean under-five mortality rate across
all GAMA neighbourhoods. Neighbourhoods with USM above the GAMA average are shown in
orange; neighbourhoods with USM below the GAMA average are shown in purple.
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Under-five mortality rate (deaths per 1,000 live births

Supplementary appendix 4: The distribution of under—five mortality at increasing levels of neighbourhood living and

socio—economic condition indicators.

Neighbourhoods are grouped into quintiles based on the measured indicator, separately by urban or peri—urban area.

The horizontal line and box show the median and interquartile range.
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