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Thank you for inviting me to review this manuscript. This research
is very relevant to the study on within city inequalities in health,
particularly among children and in the context of different gradient
of urban poverty (formal and informal).
Although objective of the study is not clearly described, it seems
that the main goal of the study is to describe intra-urban
inequalities in under-five mortality using within city estimations of
mortality. The study made a good work in estimating under five
mortality rates for small areas (neighborhood) using an indirect
demographic method mostly implemented at national levels.
Although the methodological approach for the estimation of
mortality looks robust, I have some comments below that might be
of author’s consideration for clarification of the information and
better examination of the data available. I detail my comments by
paper sections
Introduction:
Authors clearly described the challenges related to the lack of
information about inequalities in child/under-five mortality in Africa
and in Ghana and the need of accounting for within city inequalities
in order to advance SDGs.
However, since the focus of this study is the Greater Accra
Metropolitan Area (GAMA), I consider that the audience would
benefit from having more information about the characteristics and
dynamics of t GAMA. Since the distribution of wealth in some big
metropolitan areas of the Global South may not follow same
patterns as in American or European cities it could be helpful to
know about these patterns in GANA. Even when it is succinctly
mentioned in the discussion that in recent years distribution of
wealthy population moved from the core area to the periphery it is
not very clear if this is the same context by the period when the
analysis is carried out.
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I consider objectives should be stated clearer as well as the study
period. Since in the result section authors are describing the
distribution of mortality by different levels of neighborhood
socioeconomic indicators, it could be a good that they established
in the introduction the hypothesized distribution of mortality in
relation to the neighborhood socioeconomic inequalities.
This could then re-captured in the discussion section to analyze
whether the results were consistent or not with the a priori
hypothesis
Methods
Authors described that neighborhood were classified as urban or
peri-urban according to the census-derived designation of their
constituent EAs as urban or rural, respectively. Since the definition
of urban and rural could vary by countries, I think it would be
helpful to specify the threshold of population size that separate
both categories, as well as other characteristics defined by the
Ghana Statistical service that may contribute to differentiate them.
Further in this section, it is mentioned that 5q0 estimates derived
from women aged 15-24 years were excluded from analysis to
avoid upward bias of results and reduce instability of estimates due
to low numbers of births. I think this could be a source of selection
bias that could impact the estimation of under-five mortality as
adolescent birth rate may be more frequent in rural (periurban)
areas and hence infant and under-five mortality more likely for this
maternal age group. I wonder if this is impacting in the lower rates
observed for peri urban areas compared to urban areas, in addition
to the probability of less accurate registration of census birth
history in rural EAs with respect to urban EAs.
I may suggest a complementary/ sensitivity analysis incorporating
this population age-group to observe the impact this exclusion may
have had in the findings described. Additionally, I would suggest
incorporating in the limitation section the potential bias that could
have been introduced by excluding this population from the
analysis.
Results/ discussion
Since authors are describing mere correlations between
neighborhood indicators and mortality I would suggest they would
be cautious on describing them as associations between
exposures and outcomes, as these correlations may be influenced
by other factors not accounted for in this analysis.
These caveats should also be considered in the discussion of the
results and the comparison with other similar and discordant
results.
As mentioned in previous comment in the introduction section, it
would be interesting that authors could make a clear explanation in
the discussion on why results are or not as expected given their
hypothesis
Finally I may suggest that authors consider also other findings in
similar scope of work such as Kimane- Murage 2014
https://doi.org/10.1016/j.healthplace.2014.06.003
REVIEWER

REVIEW RETURNED
GENERAL COMMENTS

Tornero Patricio, Sebastián
Servicio Andaluz de Salud Area de Gestion Sanitaria de Osuna,
Pediatría
21-Aug-2021
This investigation is addressing a very important issue related to
health: social determinants of health, in a very interesting city and
country. So, I do consider it very relevant. I will give my inputs to
try to improve the manuscript.
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The “background” needs to be developed significantly. It should
address de Social Determinant Of Health including some
bibliography as Marmot’s investigations and papers based on
census as this is based (look for some of the many studies related
to this issue using census in USA, UK, Canada or Spain (Medea
Research Group). It should include some research about the
impact of using different geographic units (zip code vs districts vs
neighbourhood vs census units). Also, there should be a deeper
description of the city of Accra, their neighbourhood history and
the access of health services in each of them.
The objective is better described in the abstract that in the
manuscript (better using infinitive). Also, it could include “to
estimate U5 mortality” as another objective of the study.
Methods and Results: It is not completely clear if the differences
between U5 mortality are expressed between neighbourhoods or
between districts, because the authors are using both sometimes
and it is confusing. Despite "house consumption" is used as an
indicator of socioeconomic level, the independent variables are
geographics (urban vs peri-urban neighbourhoods). I do strongly
recommend to use an indicator of socioeconomic level, as house
consumption or house condition or education level, to classify the
neighbourhoods by socioeconomic factors (deprived or not
deprive, for instance).
As it is mentioned, using neighbourhoods could lead to mistakes at
the analysis, not finding differences when there are census units
with high U5 mortality within the neighbourhood or vice versa. The
authors should use census units and this sentence should make
you seriously consider it: “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.”
This study needs to do an estimation of neonatal mortality
because it could explain considerably the differences founded.
Also, the access to obstetrics care and maternal health need to be
assessed . It also should do an estimation of U5 mortality of the
non-censed population (illegal immigrants) and how not including
them, could affect the results.
Using U5 mean to compare neighbourhoods could cause also the
same mistakes described above. The authors could classify
neighbourhoods by decils or quintiles, depending on
socioeconomic variables, and compare results.
Lastly, the conclusion of this investigation give more importance to
the health care services than to the social determinants of health,
which, in my opinion, it merits a deeper reflection.
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Reviewer: 1
Dr. Ana Ortigoza, Drexel University School of Public Health
Comments to the Author:
Thank you for inviting me to review this manuscript. This research is very relevant to the study on
within city inequalities in health, particularly among children and in the context of different gradient of
urban poverty (formal and informal).
1. Although objective of the study is not clearly described, it seems that the main goal of the study is
to describe intra-urban inequalities in under-five mortality using within city estimations of mortality.
To make sure the objective is more clearly stated. We modified both the abstract (p. 2) and the
background (pp. 6-7) that now read as below, respectively:
‘We aimed to estimate rates of under-five mortality at the neighbourhood level for Ghana’s Greater
Accra Metropolitan Area and measure the extent of intra-urban inequalities.’
‘With unique access to the complete records of the most recent Ghana Population and Housing
Census,1 we aimed to estimate rates of under-five mortality (U5M) at the neighbourhood level across
the Greater Accra Metropolitan Area (GAMA), providing insight into the magnitude of intra-urban
inequalities in child mortality within a rapidly growing, low-middle income city. We quantified underfive mortality 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.2-4’
The study made a good work in estimating under five mortality rates for small areas (neighborhood)
using an indirect demographic method mostly implemented at national levels. Although the
methodological approach for the estimation of mortality looks robust, I have some comments below
that might be of author’s consideration for clarification of the information and better examination of the
data available. I detail my comments by paper sections:
Introduction
Authors clearly described the challenges related to the lack of information about inequalities in
child/under-five mortality in Africa and in Ghana and the need of accounting for within city inequalities
in order to advance SDGs.
2. However, since the focus of this study is the Greater Accra Metropolitan Area (GAMA), I consider
that the audience would benefit from having more information about the characteristics and dynamics
of t GAMA. Since the distribution of wealth in some big metropolitan areas of the Global South may
not follow same patterns as in American or European cities it could be helpful to know about these
patterns in GANA. Even when it is succinctly mentioned in the discussion that in recent years
distribution of wealthy population moved from the core area to the periphery it is not very clear if this
is the same context by the period when the analysis is carried out.
As recommended, we included a more detailed description of urban development in GAMA in the
study setting section (pp. 7-8):
‘The centrally located Accra Metropolitan Area (AMA) together with the more heavily industrialised
Tema and Ashaiman municipalities in the east of the city contain the most densely populated
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VERSION 1 – AUTHOR RESPONSE

3. I consider objectives should be stated clearer as well as the study period.
Please see response #1 above regarding additional text on the study objectives. We also added
information on the study period (p. 6):
‘We quantified under-five mortality for 2010, the year of the census.’
In addition, we added text to the data section that describes our application of the Maternal Age
Cohort method to derive probabilities of death under five (5q0) from the summary birth history data
and assign each to a reference year (p. 10):
‘The assigned 5q0 reference years covered the period from 1990 to 2005.’
4. Since in the result section authors are describing the distribution of mortality by different levels of
neighborhood socioeconomic indicators, it could be a good that they established in the introduction
the hypothesized distribution of mortality in relation to the neighborhood socioeconomic inequalities.
This could then re-captured in the discussion section to analyze whether the results were consistent
or not with the a priori hypothesis.
As suggested, we included additional information on factors that may contribute to inequalities in child
mortality to the Background section of the manuscript that we then revisit in the Discussion. The
Background now includes the following (pp. 5-6):
‘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 inequities.9 10 Social gradients in the health of
children are well-documented, whereby children born into deprivation have lower chances of survival
and prosperity.9-11 In cities, health outcomes and their social, economic and environmental
determinants can vary dramatically between households and neighbourhoods.12 13 The mortality gap
between children living in slum versus non-slum urban areas in SSA, for example, can be as large as
the gap between rural and urban children.14-17 Inadequate housing, electricity and clean fuel access,
water and sanitation facilities, nutrition and healthcare services are among the pathways through
which income or education levels, among other factors termed ‘social stratifiers’,9 can increase the
susceptibility or hazardous exposures of those most deprived. These mechanisms can act at the
individual and household level or area level, whereby people with the fewest means are spatially
sorted into neighbourhoods with the poorest infrastructure, known as segregation.7 18 This in turn
can contribute to intra-urban health inequalities, including in child mortality, seen at the small area
level, where advantage tends to cluster.13 17 19 20’
We also added text throughout the discussion to recapture the background information and
acknowledge where our results may or may not be inline with any a priori hypothesis for the
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neighbourhoods. AMA contains the central business district and functions as the city’s commercial,
industrial and administrative centre.5 6 Rapid development since Ghana’s independence in 1957 has
seen AMA’s residential areas become increasingly congested. Planned residential neighbourhoods
remain as legacies of the colonial era, while migrants and low-income individuals have been pushed
into slums and other low-income neighbourhoods lacking basic services and infrastructure.7 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 classified 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.5 8

‘Our finding of lower U5M in neighbourhoods with improved socio-economic and living conditions in
the peri-urban area is consistent with the established social gradient in child mortality,9-11 and with
evidence linking the neighbourhood environment to population health inequalities.2 3 21-23’
5. Authors described that neighborhood were classified as urban or peri-urban according to the
census-derived designation of their constituent EAs as urban or rural, respectively. Since the
definition of urban and rural could vary by countries, I think it would be helpful to specify the threshold
of population size that separate both categories, as well as other characteristics defined by the Ghana
Statistical service that may contribute to differentiate them.
As recommended, we edited this section (pp. 9-10) to provide the Ghana-specific definition of urban
and rural. In Ghana, neighbourhoods with a population of over 5,000 are considered urban. It now
reads:
‘Neighbourhoods were defined by the Ghana Statistical Service and are the administrative units at
which urban versus rural classification is defined in Ghana; those with 5,000 inhabitant or more are
considered urban, and rural otherwise … Ghana does not have an official definition that distinguishes
between peri-urban and rural neighbourhoods; however, we have used the term peri-urban to better
describe ‘rural’ neighbourhoods that are located within the administrative border of the Greater Accra
Metropolitan Area on the periphery of the densely populated inner-city and industrial areas.’
6. Further in this section, it is mentioned that 5q0 estimates derived from women aged 15-24 years
were excluded from analysis to avoid upward bias of results and reduce instability of estimates due to
low numbers of births. I think this could be a source of selection bias that could impact the estimation
of under-five mortality as adolescent birth rate may be more frequent in rural (periurban) areas and
hence infant and under-five mortality more likely for this maternal age group. I wonder if this is
impacting in the lower rates observed for peri urban areas compared to urban areas, in addition to the
probability of less accurate registration of census birth history in rural EAs with respect to urban EAs. I
may suggest a complementary/ sensitivity analysis incorporating this population age-group to observe
the impact this exclusion may have had in the findings described. Additionally, I would suggest
incorporating in the limitation section the potential bias that could have been introduced by excluding
this population from the analysis.
To address this comment, we edited the manuscript to better explain and justify our approach for the
main analysis. Notably, the exclusion of data from younger women is common practice when using
demographic methods to estimate population under-five mortality rates, which we have now
expressed more clearly in the manuscript. Although the Maternal Age Cohort (MAC) method used in
our analysis is an advance on the standard Brass method and attempts to account for the excess
mortality in younger ages, the developers of this demographic method still recommend removing
estimates from younger ages because of errors associated with the small sample sizes for younger
ages.24 25 Specifically, where there are small numbers of children born, small differences in the
number of children dead can lead to larger differences in the proportion of children dead and hence in
estimated under-five mortality rates. The developers thus recommend ignoring data for 15–19-yearolds, however, we have extended this to include 20-24 years owing to the high spatial resolution of
our analysis and the small samples sizes in some of our spatial units.
Only ~5% of the GAMA population lived in the peri-urban (rural) neighbourhoods and the number of
women and births in these neighbourhoods, especially in younger age groups, was low. In peri-urban
areas, there were on average only 4 births per neighbourhood for women aged 15-19 years and 32
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relationship between improved socio-economic conditions in neighbourhoods and child mortality. For
example, we have included the following (p. 18):

We now clarify this in the text (p.10), which now reads:
‘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, especially in the more sparsely-populated peri-urban
areas. Notably, this is common practice when using demographic methods to estimate population
under-five mortality rates.24-26’
To further address the reviewer’s concern about bias, we additionally conducted a sensitivity analysis
where our analysis including data from all women aged 15-49. The geographical pattern of under-five
mortality remains consistent with the results presented from our analysis of data from women aged
25-49 years (see Fig. 1 below), indicating that excluding this group did not introduce significant bias or
influence our conclusion that under-five mortality rates were generally lower among peri-urban
neighbourhoods than those in the central and industrial areas of GAMA. In fact, in the sensitivity
analysis we estimated generally lower under-five mortality in Ga West (peri-urban) neighbourhoods
and higher mortality in Accra Metropolitan Area neighbourhoods (see Fig. 2 below), and hence there
was an increase in the overall inequality between peri-urban and urban areas.
We did not include this sensitivity analysis in the manuscript since our overall results are the same
and it is generally advised by developers of this method not to include younger women using these
methods because it can introduce bias. However, we are happy to do so if the Editor feels this would
improve the manuscript.

Fig. 1. Under-five mortality rates in 2010 by GAMA neighbourhood. Results are from a sensitivity
analysis including data from women aged 15-49 years.

Fig. 2. Comparison of GAMA neighbourhood under-five mortality rates from the analysis including
data from women aged 15-49 years versus the results reported from the analysis including data from
women aged 25-29 years.
7. Since authors are describing mere correlations between neighborhood indicators and mortality I
would suggest they would be cautious on describing them as associations between exposures and
outcomes, as these correlations may be influenced by other factors not accounted for in this analysis.
These caveats should also be considered in the discussion of the results and the comparison with
other similar and discordant results.
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births per neighbourhood for women aged 20-25 years, where the average births per woman were
0.07 and 0.5 in these age groups, respectively. Moreover, in peri-urban areas, the total number of
children born was below 25 for women aged 15-19 years in 99% of neighbourhoods and in 53% for
women aged 20-24 years. These proportions were smaller in urban neighbourhoods, but still elevated
compared with older age groups. We therefore excluded data from these two younger age groups
from the Bayesian modelling a priori, owing to the insufficient numbers of children born to reliably
estimate the neighbourhood 5q0, particularly in the peri-urban areas and when assessing the
variation between neighbourhoods.

‘these reported ecological correlations are intended only to give broader context to the observed
spatial patterns of U5M across GAMA and should not be interpreted as causal.’
Further, we added text to the discussion of the positive correlation between average household
consumption and under-five mortality in urban neighbourhoods. We hypothesis a role of withinneighbourhood inequality and the negative impacts on residents across the socio-economic spectrum.
We added the following text to warn of over-interpretation of area-level associations (p. 16):
‘It is important to highlight, however, that we cannot draw firm conclusions regarding the harmful
impact of localised socio-economic 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 populations may simply obscure any association between wealth and
health operating at the individual or household level.’
8. As mentioned in previous comment in the introduction section, it would be interesting that authors
could make a clear explanation in the discussion on why results are or not as expected given their
hypothesis.
We added as recommended. Please see response to Comment #4.
9. Finally I may suggest that authors consider also other findings in similar scope of work such as
Kimane- Murage 2014 https://doi.org/10.1016/j.healthplace.2014.06.003
As recommended, we added reference and discussion of this study in the discussion section of the
manuscript where it supports similar findings of high child mortality in urban slums in Accra (p. 17):
‘The health penalty of areas with concentrated poor living conditions that arise from rapid, unplanned
population growth, compiled by underinvestment in public services and infrastructure, in SSA cities is
well established and supported by previous studies conducted in central Accra and Nairobi.14 15 2730 The high mortality rates in city slums in Kenya has contributed to stalled progress in urban
compared to rural areas .30’
Reviewer: 2
Dr. Sebastián Tornero Patricio, Servicio Andaluz de Salud Area de Gestion Sanitaria de Osuna
This investigation is addressing a very important issue related to health: social determinants of health,
in a very interesting city and country. So, I do consider it very relevant. I will give my inputs to try to
improve the manuscript.
10. The “background” needs to be developed significantly. It should address de Social Determinant Of
Health including some bibliography as Marmot’s investigations and papers based on census as this is
based (look for some of the many studies related to this issue using census in USA, UK, Canada or
Spain (Medea Research Group).
As recommended, we have significantly expanded the background to address the social determinants
of health and the contribution to within-city variability in health outcomes (pp. 5-6):
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To ensure this is clear to readers, we edited the text throughout to avoid presenting our findings as
causal associations between exposures and our outcome. The manuscript now also includes an
explicit warning against any causal interpretation of the correlation analyses in the Discussion (p. 18):

‘There is substantial evidence that health outcomes vary at small spatial scales3 4 31-34 and local
neighbourhood factors are increasingly recognised as important drivers of population health
inequalities.2 3 21-23’
11. It should include some research about the impact of using different geographic units (zip code vs
districts vs neighbourhood vs census units).
It is the nature of any spatial analysis that potentially diverse populations are aggregated to report
outcomes. The opportunity of small-area estimation methods is that outcomes can be robustly
estimated for fine-scale spatial units.19 Here, we leveraged these techniques to quantify under-five
mortality at a higher spatial resolution than was previously available in GAMA and examine the intraurban inequalities missed by reports of district aggregates.
Nevertheless, we acknowledge that outcomes at the small area level, such as neighbourhood units,
can still mask variation within these populations. This is often discussed in the context of the
Modifiable Areal Unit Problem (MAUP), a statistical bias that can arise when area-level
measurements are sensitive to the scale or zoning scheme used. We have edited the discussion to
reflect on this point (p. 20):
‘We highlight that although we report under-five mortality at a fine-spatial scale, populations within
neighbourhoods may still be heterogenous with regards to their child mortality risk, particularly within
the more populous inner-city neighbourhoods. 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.35’
12. Also, there should be a deeper description of the city of Accra, their neighbourhood history and
the access of health services in each of them.
As recommended, we expanded the study setting section to include a more detailed description of our
study area (GAMA) and its development (pp. 7-8). We have included the modified text in Response
#2.
In addition, we added discussion of access to healthcare in Accra. Currently no detailed assessment
of health service access exists for neighbourhoods in Accra. We focussed on policies in Ghana that
influenced access to maternal and child health services and are thought to have contributed to the
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‘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 inequities.9 10 Social gradients in the health of
children are well-documented, whereby children born into deprivation have lower chances of survival
and prosperity.9-11 In cities, health outcomes and their social, economic and environmental
determinants can vary dramatically between households and neighbourhoods.12 13 The mortality gap
between children living in slum versus non-slum urban areas in SSA, for example, can be as large as
the gap between rural and urban children.14-17 Inadequate housing, electricity and clean fuel access,
water and sanitation facilities, nutrition and healthcare services are among the pathways through
which income or education levels, among other factors termed ‘social stratifiers’,9 can increase the
susceptibility or hazardous exposures of those most deprived. These mechanisms can act at the
individual and household level or area level, whereby people with the fewest means are spatially
sorted into neighbourhoods with the poorest infrastructure, known as segregation.7 18 This in turn
can contribute to intra-urban health inequalities, including in child mortality, seen at the small area
level, where advantage tends to cluster.13 17 19 20’
We have also included additional discussion of small area studies to the Background, along with
references that use census data, as suggested (p. 6):

‘Overall the under-five mortality rate in Ghana almost halved from 1990 to 2010 although considerable
subnational inequality persisted.36-38 In this period, the government implemented several national
health policies and programs to improve the use and delivery of maternal and child health care
services.39 The National Health Insurance Scheme provides free health care to participants 40 and
enrolment has been free of charge for pregnant women and children (under-18 years) since 2008.41
Ante-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 prevents pregnant women who are not enrolled in NHIS from paying delivery fees.42 Ghana’s
2007-2015 Child Health Policy aimed to unify fragmented program delivery under a recommended
continuum of care for mothers and children. scaling up interventions with proven efficacy 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 are
believed to have contributed to reductions in overall child mortality and in inequalities between
subregions though wider concerns have persisted over the quality of care.44 In Accra, women
enrolled in NHIS were more likely to seek formal care and visit clinics but enrolment rates were lower
(under 35%) among women of child-bearing age compared to women over the age of 50.41 Although,
most births in Greater Accra (over 90%) take place in a health facility in the presence of a skilled
health professional, the coverage rate of vaccines in children drops with age (from 76% to 48%
comparing children aged 1 versus children aged 2-3 years, respectively). This indicates considerable
variability in access to continued care.45
13. The objective is better described in the abstract that in the manuscript (better using infinitive).
Also, it could include “to estimate U5 mortality” as another objective of the study.
As recommended, we have modified the manuscript to state the objective of the study more clearly
(pp. 6-7):
‘we aimed to estimate rates of under-five mortality (U5M) at the neighbourhood level across the
Greater Accra Metropolitan Area (GAMA), providing insight into the magnitude of intra-urban
inequalities in child mortality within a rapidly growing, low-middle income city. We quantified underfive mortality 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.2-4’
14. Methods and Results: It is not completely clear if the differences between U5 mortality are
expressed between neighbourhoods or between districts, because the authors are using both
sometimes and it is confusing.
As recommended, we have edited the text for clarity. We added text to the methods to state that we
report both neighbourhood under-five mortality estimates and the within-district mean under-five
mortality calculated across neighbourhoods within each district, together with their 95% credible
intervals (p. 12):
‘We summarised the distributions of neighbourhood-specific parameters to report neighbourhood
U5M estimates for 2010 and mean U5M across neighbourhoods within districts, with 95% credible
intervals (CrI) that represent the mean and the 2.5th and 97.5th percentiles of posterior samples,
respectively.’
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majority (over 90%) of births in Greater Accra taking place in a health facility in the presence of a
skilled health professional. The decline in child vaccination rates with age indicates there is variation
however not all children have the same access to continued care. The following is now included in the
study setting section of the Methods (p.8):

‘We found substantial variation in U5M between and within GAMA’s twelve districts. The within-district
mean neighbourhood U5M was highest at 101 deaths per 1,000 live births in the Tema (95% CrI 89113) and Ashaiman (95% CrI 89-114) municipalities situated in the southeast and east of GAMA,
respectively. Both municipalities comprised only urban neighbourhoods. The within-district mean
neighbourhood U5M was lowest in the northern Ga West district (60 deaths per 1,000 live births, 95%
CrI 52-68), where over 70% of neighbourhoods were considered peri-urban (Figure 2a).’
15. Despite "house consumption" is used as an indicator of socioeconomic level, the independent
variables are geographics (urban vs peri-urban neighbourhoods). I do strongly recommend to use an
indicator of socioeconomic level, as house consumption or house condition or education level, to
classify the neighbourhoods by socioeconomic factors (deprived or not deprive, for instance).
We edited the methods to better explain that all indicators of improved neighbourhood living and
socio-economic conditions were calculated at the neighbourhood level (p. 12):
‘We calculated neighbourhood-level summary statistics of the individual and household characteristics
within each neighbourhood to provide context for our child mortality results.’
To further address this comment, we edited the methods to better describe our estimation of median
household consumption level for each neighbourhood. Unlike other indicators, household
consumption was not directly measured in the census and had to be estimated from the available
household characteristics data. The text now reads (p. 12):
‘We used the within-neighbourhood median household consumption as a measure of neighbourhood
socioeconomic level. Household consumption is considered a better indicator of living standards than
household income in low- and middle-income settings46 47 The census did not include consumption
data, so we used small-area estimation methods to indirectly calculate consumption based on
household characteristics described in detail elsewhere.48 Briefly, we used the 2012 Ghana Living
Standards 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 additionally edited our description of the correlation analysis in the methods to more clearly state
that we stratified on urban versus peri-urban neighbourhood status rather than including them as
independent variables in our models (p. 13 and below). Stratifying by urban/peri-urban status of
neighbourhoods revealed differences in the correlations between under-five mortality and
neighbourhood characteristics where indicators of improved neighbourhood conditions were linked to
lower mortality only in peri-urban areas. Average household consumption was one such indicator. In
other words, deprivation and the experience of it in relation to neighbourhood of residence may have
different impacts on child mortality in neighbourhoods of the urban core versus in the periphery. We
agree with Comment #16 that this interpretation is only speculative and an analysis at the
neighbourhood-level could simply obscure the association between wealth and health operating at the
individual or household level. However, we believe this is an interesting and important finding that
should be explored in future work, including an investigation of the role of between- and withinneighbourhood socio-economic inequalities.
‘We measured the correlations between neighbourhood U5M and neighbourhood socioeconomic and
living environment indicators using the non-parametric Spearman’s rank method. We measured the
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We also modified the results to express more clearly when we report the within-district mean
neighbourhood under-five mortality (p. 14):

We strongly agree with the Reviewer’s suggestion to explore socio-economic differences in child
mortality across Accra. The Reviewer has also raised the same concern that we have with regard to
reporting child mortality by neighbourhood quintile of SES. Our concern is as follows: wealthier
neighbourhoods on average had higher under-five mortality (reported in the manuscript in Table 4
under the ‘all’ column and we illustrate in Fig. 3 below), and also tended to be located in the more
densely populated urban core (see Fig. 3 below). It is likely therefore that the median household
consumption masks within-neighbourhood socio-economic inequality and the high under-five mortality
reflects the reality of the poorest and most vulnerable groups rather than truly higher under-five
mortality among more affluent groups. Notably though we discuss pathways by which inequality can
negatively impact health for all residents (lines) This is discussed further in Responses #11 and #16.
To overcome this limitation of within-unit inequality, as noted by the Reviewer, it is necessary to
estimate under-five mortality by quintiles of household SES rather than neighbourhood SES. This
requires substantial further analysis and is the aim of a current manuscript in progress, in which we
are assessing the SES-child mortality relationship at the household level for Accra and all of Ghana’s
240 districts.

Fig. 3. Neighbourhood under-five mortality rates in 2010 by quintile of neighbourhood socio-economic
status (measured as median household consumption).
16. As it is mentioned, using neighbourhoods could lead to mistakes at the analysis, not finding
differences when there are census units with high U5 mortality within the neighbourhood or vice
versa. The authors should use census units and this sentence should make you seriously consider it:
“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 postprimary 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.”
We were unfortunately unable to do our spatial analysis at the enumeration area (EA) level. At such a
fine spatial scale, the numbers of births (and women) in each five-year age-group of women were too
small to robustly estimate under-five mortality rates. 39% of EAs across all age groups had less than
25 births recorded; this was reduced to 7% at the neighbourhood level. As discussed in Response 11,
we updated the manuscript text to acknowledge that our findings, as with all spatial estimation, may
be sensitive to the geographic unit used.
While we recognize the potential influence of the Modifiable Areal Unit Problem, we feel that our
findings at the neighbourhood level are particularly relevant in the context of Ghana. Specifically, they
are defined by the Ghana Statistical Service and are recognised as the administrative unit above EA,
at which the population threshold to classify areas as urban versus rural is applied. Moreover, there is
substantial evidence that supports the important influence of local neighbourhood factors on individual
disease risk, exposure and susceptibility, and, hence, population health inequalities. We edited the
manuscript to better explain the motivation for our choice of spatial unit (p.6 and p.9, respectively):
‘There is substantial evidence that health outcomes vary at small spatial scales3 31-33 and local
neighbourhood factors are increasingly recognised as important drivers of population health
inequalities.2 3 21-23’
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correlations across all GAMA neighbourhoods, and separately across urban and peri-urban
neighbourhoods.’

This relevance is further supported by the high level of heterogeneity in child mortality that we found
at the neighbourhood level, described below (pp. 13-14). The neighbourhoods are sufficiently small to
examine spatial variability in under-five mortality at a high resolution.
‘Across all of GAMA, neighbourhood U5M varied almost five-fold, ranging from 28 deaths per 1,000
live births (95% CrI 8-63) in the Fantsenkor neighbourhood located in the north of GAMA to 138
deaths per 1,000 live births (95% CrI 111-167) in the Mamobi neighbourhood in the city’s urban core
(Figure 2a and Figure 3). The variation was higher across peri-urban neighbourhoods compared to
across urban neighbourhoods, ranging from 28 to 116 versus from 52 to 137 deaths per 1,000 live
births.’
In recognition of the potential influence of our choice of zoning scheme, we are careful to avoid causal
interpretation of the results from our correlation analyses. Although we discuss ways that within
neighbourhood inequalities could contribute to worse outcomes for residents across the socioeconomic spectrum, we added the following to the text to explicitly caution against over-interpretation
of the results (p. 16):
‘It is important to highlight, however, that we cannot draw firm conclusions regarding the harmful
impact of localised socio-economic 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 populations may simply obscure any association between wealth and
health operating at the individual or household level.’
Similarly, where we discuss the inverse association between child mortality and improved
neighbourhood living and socio-economic conditions in peri-urban areas, we have added explicit
warning against causal interpretation (p. 18):
‘Our finding of lower U5M in neighbourhoods with improved socio-economic and living conditions in
the peri-urban area is consistent with evidence of the influence of the neighbourhood environment on
population health.2 3 21-23 It may reflect greater access to services including health care 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
U5M across GAMA and should not be interpreted as causal.’
17. This study needs to do an estimation of neonatal mortality because it could explain considerably
the differences founded.
Although deaths in the first year account for an increasing proportion of deaths under five years of
age globally, child deaths (in ages one to four years) remain high given the levels of infant mortality in
West Africa.49 Our outcome of under-five mortality is therefore particularly relevant given the context.
We agree with the reviewer that further knowledge of the age pattern of deaths under-five and how
this varies across neighbourhoods could better inform prevention efforts. Unfortunately, the available
demographic methods for census data do not reliably estimate neonatal or infant mortality from
summary birth history data. We acknowledge this limitation in the discussion (p.20):
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‘We obtained a shapefile from the Ghana Statistical 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 one and 95 EAs. We linked the
census data and the shapefile using codes that uniquely identified EAs to determine each individual’s
neighbourhood of residence. Neighbourhoods were defined by the Ghana Statistical Service and are
the administrative units at which urban versus rural classification is defined in Ghana; those with
5,000 inhabitant or more are considered urban, and rural otherwise.’

18. It also should do an estimation of U5 mortality of the non-censed population (illegal immigrants)
and how not including them, could affect the results.
To address this comment, we now clarify in the manuscript that our access to the full microdata of the
census included records on all people present in GAMA at the time of enumeration (pp. 18-19 and
included below). The data analysed were from the entire population of women aged 25-49 and
included those living in regular housing (n=696,279), homeless women/outdoor sleepers (n=13,950),
women who were in schools, hospitals, army and service baracks and prisons (n=2,361) and a small
proportion from other locations (n=991). People were not excluded from the census or this analysis
based on migration status.
‘Our use of census data also enabled straightforward linkage of mortality outcomes with data on
socio-economic 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 present in GAMA
at the time of enumeration, and included those living in regular housing (n=696,279), homeless
women/outdoor sleepers (n=13,950), women who were in schools, hospitals, army and service
barracks and prisons (n=2,361) and a small proportion from other locations (n=991). People were not
excluded from the census or this analysis based on migration status.’

19. Also, the access to obstetrics care and maternal health need to be assessed
Assessment of access to obstetrics and maternal healthcare was outside the scope of the current
analysis, largely because the data were not available in the census, which was our data source for
contextual factors related to individuals and households within neighbourhoods. To our knowledge,
only the Demographic and Health Surveys collect detailed data on maternal healthcare utilisation, but
these data are not available at the neighbourhood level. We added text to the discussion to highlight
the reviewer’s point that differential access to quality care may also contribute to inequalities in
mortality by impacting both maternal and child health (p.18):
‘It may also reflect greater access to services including health care for women in these
neighbourhoods, which can influence the health of mothers and their children.’
20. Using U5 mean to compare neighbourhoods could cause also the same mistakes described
above. The authors could classify neighbourhoods by decils or quintiles, depending on socioeconomic
variables, and compare results.
Please see our response to Comment #15. Quantifying under-five mortality by different measures of
socio-economic level and inequality was outside the scope of this spatial analysis, which is focused
on describing spatial patterns of U5M and their relationship between neighbourhood characteristics,
included socio-economic level. We agree that the socioeconomic variation in U5M is of great interest,
and it is currently the subject of a paper in progress that will include Accra and all of Ghana.

14

BMJ Open: first published as 10.1136/bmjopen-2021-054030 on 13 January 2022. Downloaded from http://bmjopen.bmj.com/ on July 6, 2022 by guest. Protected by copyright.

‘We also acknowledge that intervention 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.50 51 In our study, we were unable to separately estimate neonatal, infant, or causespecific mortality rates with the available methods for mortality estimation from summary birth history
data and are unaware of any other data that is representative at the neighbourhood level and would
enable this analysis’

Please see Responses #4 and #10 where we added text on the social determinants of health. In
addition, we re-wrote the conclusion to better emphasize the role of social determinants of health and
frame health services as an opportunity to mitigate inequalities that arise owing to children being born
into different socio-economic and living conditions (pp. 21-22):
‘The determinants of child mortality are multi-faceted, 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 urbanisation in SSA, with an emphasis on the social determinants 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,41 52 potentially compounding health risks associated with disadvantaged social and
living conditions. Universal access to high quality healthcare services can mitigate mortality
inequalities in settings where children are born into different socio-economic and environmental
circumstances.50 53 54 There are proven, scalable healthcare interventions that reduce under-five
mortality, the causes of which are often preventable and/or treatable.50 55 In many LMICs 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 socio-economic spectrum.53 56
Child mortality in peri-urban neighbourhoods was on average lower than inner-city and industrial
areas, but it was also more variable and inversely correlated with characteristics that indicate
improved socio-economic and living environments of neighbourhoods. Complementary 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.’

Editor’s Comments
We followed the instructions to edit the manuscript title and statement on ethical approval, and
completed the STROBE checklist for observational studies. We would be happy to further modify as
needed to meet the journal’s requirements.
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