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ABSTRACT

Background: Understanding socioeconomic disparities in all-cause and cause-specific mortality can help inform prevention and treatment strategies.
Objectives: To quantify cause-specific mortality rates by socioeconomic status across seven
health and demographic surveillance systems (HDSS) in five countries (Ethiopia, Kenya,
Malawi, Mozambique, and Nigeria) in the INDEPTH Network in sub-Saharan Africa.
Methods: We linked demographic residence data with household survey data containing
living standards and education information we used to create a poverty index. Person-years
lived and deaths between 2003 and 2016 (periods varied by HDSS) were stratified in each
HDSS by age, sex, year, and number of deprivations on the poverty index (0–8). Causes of
death were assigned to each death using the InterVA-4 model based on responses to verbal
autopsy questionnaires. We estimated rate ratios between socioeconomic groups (2–4 and
5–8 deprivations on our poverty index compared to 0–2 deprivations) for specific causes of
death and calculated life expectancy for the deprivation groups.
Results: Our pooled data contained almost 3.5 million person-years of observation and 25,038
deaths. All-cause mortality rates were higher among people in households with 5–8 deprivations
on our poverty index compared to 0–2 deprivations, controlling for age, sex, and year (rate ratios
ranged 1.42 to 2.06 across HDSS sites). The poorest group had consistently higher death rates in
communicable, maternal, neonatal, and nutritional conditions (rate ratios ranged 1.34–4.05) and
for non-communicable diseases in several sites (1.14–1.93). The disparities in mortality between
5–8 deprivation groups and 0–2 deprivation groups led to lower life expectancy in the higherdeprivation groups by six years in all sites and more than 10 years in five sites.
Conclusions: We show large disparities in mortality on the basis of socioeconomic status
across seven HDSS in sub-Saharan Africa due to disparities in communicable disease mortality
and from non-communicable diseases in some sites. Life expectancy gaps between socioeconomic groups within sites were similar to the gaps between high-income and lowermiddle-income countries. Prevention and treatment efforts can benefit from understanding
subpopulations facing higher mortality from specific conditions.

Background
Extensive studies in high-income countries have
described associations between socioeconomic status
(SES) and both overall and cause-specific disease burden,
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often exploring social, biological, and psychological pathways that underlie these disparities [1–3]. Efforts to
increase evidence on inequalities within low- and lowermiddle-income countries (LLMICs) are growing [4].
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Studies from LLMICs have shown socioeconomic disparities in all-cause mortality across the age spectrum, but
these data are mostly based on cross-sectional population
surveys and more commonly describe inequalities in
child and neonatal mortality [5–7]. Evidence from studies
investigating disparities in SES and cause-specific death
patterns and rates in these populations is limited, particularly across multiple causes and age groups [8–10].
In the era of the Sustainable Development Goals
(SDGs), there have been increasing calls for more geographically specific data and data that can be stratified by
subpopulations to address health equity [11,12]. The lack
of national vital registration and disease registries in
LLMICs means population-level data on causes of death
(COD) to study disparities by SES are generally unavailable. Nonetheless, many LLMICs have well-established
health and demographic surveillance system (HDSS) sites
that track individuals within a geographically defined
area over time. These sites systematically collect information on sociodemographic factors, vital events (births and
deaths), and COD (using a verbal autopsy approach).
Importantly, within HDSS sites, individual-level data,
including date and COD, can be linked to householdlevel demographic data and other information collected
by specific studies nested within the site [13]. Previously,
the INDEPTH Network, a collaborative group of 50
HDSS sites of which 75% are located in Africa, has pooled
verbal autopsy data from member HDSS sites to describe
patterns in COD across Africa and Asia [14,15].
Estimates of patterns of COD from verbal autopsies in HDSS sites have contributed to understanding
of global patterns of COD [14,16]. Multi-site analyses
have described the epidemiological transition of
changing patterns of COD over time, associated
with changing socioeconomic and demographic factors [17–19]. HDSS sites have contributed to
a growing evidence base on health equity in
LLMICs [13], but the degree to which levels and
patterns of COD vary by SES groups within communities in LLMICs is underexplored. Studies examining
household-level or individual-level socioeconomic
factors and cause-specific death rates have often
been limited to single sites and particular health
conditions. Such studies have often shown higher
death rates from some causes, including HIV,
malaria, tuberculosis, maternal conditions, childhood
infection, and noncommunicable diseases (NCDs)
associated with lower attainment on certain SES indicators [9,10,20–24]. Nonetheless, other studies report
conflicting or inconclusive evidence about the same
causes [8,25,26]. Further analyses using these types of
data offer an opportunity to monitor health equity
around global goals such as the SDGs and to understand how phenomena such as the epidemiological
transition affect populations with different levels of
SES. This study utilized verbal autopsy data coupled
with data on household living standards and

education from seven HDSS sites in sub-Saharan
Africa (SSA) in the INDEPTH Network to examine
patterns in rates of all-cause and cause-specific mortality by levels of absolute poverty.

Methods
Data
Our study included seven HDSS sites from the
INDEPTH Network with varied levels of extreme poverty, verbal autopsy data for deceased individuals, and
linked measures of household SES. All contributing
HDSS sites were in SSA – Harar and Kersa, Ethiopia;
Kombewa and Nairobi, Kenya; Karonga, Malawi;
Manhiça, Mozambique; and Cross River, Nigeria. In
addition to routine demographic information (births, inmigration, out-migration, and deaths), these sites also
periodically collected household data on education and
living standards, in specific household surveys or as part
of routine data collection. Profiles for five sites are published elsewhere [27–31]. We included all deaths and
person-time lived in the site among residents during
the site-specific time period of analysis. Site characteristics such as the time period of analysis, total personyears, and urbanicity are shown in Table 1. It is important to note that the sites in large cities, such as in Nairobi
and Harar, are in particular areas of the cities. We separated the data from the Nairobi site into two time periods
(2003–2009 and 2010–2015) because of the long time
series of available data. While this reduced the number of
pooled observations, we chose not to pool over the long
time period given the changing death rates and poverty
rates over time, as well as the possibility that the associations between death rates and poverty changed over the
13-year period.
We used a modified version of the
Multidimensional Poverty Index (MPI) developed
by the Oxford Poverty and Human Development
Initiative [32]. Our modified poverty index (PI),
used by the Lancet Commission on Reframing
Noncommunicable Diseases and Injuries for the
Poorest Billion (Lancet NCDI Poverty Commission),
contained eight indicators in which households were
either categorized as deprived or not deprived,
including school attendance for all school-aged children in the household, maximum years of schooling
of any household member over five years, electricity
availability, improved water and sanitation availability, flooring material, cooking fuel used, and a set of
assets (specific definitions in appendix Table S1) [33].
Deprivations in health on the traditional MPI were
excluded from our index because we examined health
outcomes. Those individuals living in households
deprived in five or more of eight of these indicators
were defined to be among the world’s poorest billion
people by the Commission [33].

14.9
30.4
37.4
13.3
4.0
49.4
2388
680
825
2.0
(1.9–2.0)
16.7
(16.5–16.8)
81.3
(81.2–81.5)
6 (5.5)

9.7
20.3
48.4
15.4
6.2
52.4
524
321
304
70.6
(70.4–70.8)
28.1
(28.0–28.3)
1.2
(1.2–1.3)
2 (2.0)

3.5
(3.5–3.5)
31.2
(31.2–31.2)
65.4
(65.4–65.4)
5 (4.9)

14.3
30.7
39.8
9.4
5.9
53.6
5007
593
681

Kombewa
2011–2015
Rural
845

Kenya

40.5
(40.3–40.6)
50.6
(50.4–50.8)
8.9
(8.8–9.0)
3 (2.9)

14.6
17.2
55.4
11.3
1.5
43.6
3226
792
941

Nairobi
2003–2009
Urban
407

65.6
(65.6–65.7)
31.8
(31.8–31.9)
2.6
(2.5–2.6)
2 (2.2)

13.5
19.1
52.3
13.2
1.9
44.7
2496
624
762

Nairobi
2010–2015
Urban
400

Malawi

8.6
(8.5–8.7)
54.8
(54.6–55.0)
36.6
(36.5–36.8)
4 (4.1)

17.0
30.3
36.6
10.7
5.3
51.8
1834
615
646

Karonga
2009–2016
Rural
298

SES = socioeconomic status. *Deprivations reported out of eight possible except for in Manhiça, where reported out of six possible deprivations (two education indicators excluded).

Median SES Deprivations (mean)

5–8 Deprivations

3–4 Deprivations

Period of Analysis
Urbanicity
Person-Years (thousands)
Percent of Population By Age Range
Under 5
5 to 14
15 to 39
40 to 59
60 and over
Percent of Population Female
Deaths
Crude Death Rate (per 100,000 person-years)
Age-Sex-Standardized Death Rate (per 100,000 person-years)
Percent of Population by SES Deprivations (2.5th-97.5th Percentile)
0–2 Deprivations

Kersa
2013–2016
Rural
351

Harar
2013–2016
Urban
163

Ethiopia

Table 1. Characteristics of health and demographic surveillance systems (HDSS): setting, demographics, mortality, and poverty.

42.2
(42.2–42.3)*
44.5
(44.5–44.6)*
13.2
(13.1–13.3)*
3 (2.9)*

16.1
29.5
36.4
11.3
6.7
55.5
9197
1030
1069

Manhiça
2010–2016
Rural
892

Mozambique

Nigeria

60.4
(60.4–60.4)
27.7
(27.7–27.7)
11.9
(11.9–11.9)
2 (2.2)

9.5
24.9
44.7
16.0
4.9
50.6
366
354
482

Cross River
2013–2016
Urban/Rural
103
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We used a single absolute index to measure poverty
for direct comparison of comparable levels of poverty
across multiple sites in varied settings. While site-specific
indices can be optimized to create evenly split populations (for example, into wealth quintiles), we chose to
define SES groups in the same manner across sites. In
a few cases, adaptations had to be made to the PI because
of inconsistencies in the data collected by each site. For
example, no data were collected in the Kersa HDSS on
whether households had motorcycles, requiring that
asset be left out of the definition of the asset indicator
for the Kersa PI. With these adjustments, Manhiça was
the only site in which we did not have a full set of eight
indicators; the education indicators could not be created
from the available data. The Manhiça PI contained six
indicators instead of eight (complete details on indicators
and assumptions in appendix, Tables S1 & S2). We
reported results by number of deprivations.
Analysis
For cause-specific mortality analyses, individuals contributed exposure time during their residence in the
HDSS from the start of the site-specific study period,
or their date of in-migration if later, until the earliest
of death, out-migration, or last HDSS follow-up date.
Returning and repeat migrants only contributed exposure time while resident in the HDSS area. To stratify
deaths and exposure time among residents of the sites
by age, sex, and the number of indicators in which
a person was deprived, we first merged household
deprivation data with residency data. The range of
years with SES data available varied across sites (full
details in appendix). In Nairobi, Karonga, and
Manhiça, multiple surveys collected SES data longitudinally. We utilized these surveys over time to reflect
the changing poverty status of the household. We used
multiple imputation to impute values for the PI indicators for households missing years of data as well as
households with no data, using household characteristics such as number of household members, ages of
household members, moves in and out of the household, and deaths [34] in the household; neighborhood
effects; household effects; and year [35]. In Cross
River, Kombewa, Kersa, and Harar, households generally had one survey with SES data in a single
baseline year, with new households receiving the survey when they formed. For households in the Kersa
and Harar sites with missing survey information, we
imputed the indicators using multiple imputation, utilizing the household characteristics described above,
though only for a single survey time point per household. In Cross River and Kombewa, we assumed the
SES survey data to be representative for the corresponding age and sex groups in the sites to assign
population to SES groups. We imputed SES data for
the deaths that were missing SES data (less than 5%)

using the deaths that had linked SES estimates. For
these sites with one poverty index time point per
household at a baseline year, that poverty index value
was assigned to the person-time and deaths in the
household in subsequent years. Full imputation
description and sensitivity analyses are shown in the
appendix, including a comparison of results using
time-variant and time-invariant poverty index values
in sites with multiple surveys. We created 20 imputed
datasets to carry forward uncertainty from SES assignment through the analysis.
Causes of death were determined by verbal autopsies, which consist of standardized interviews with relatives or witnesses about the symptoms of the deceased
individual and circumstances leading to the death.
From the answers to these questions, causes of death
are typically assigned using computer models or physician review. To improve comparability, we used the
InterVA-4 model (version 4.03 or 4.04) to classify
COD from verbal autopsy in every site [14,36].
InterVA-4 is a free public software that uses Bayesian
probabilistic modeling to assign likelihoods to causes of
death based on the coded responses to verbal autopsy
questionnaires. As per convention with InterVA, we
assigned death fractions based on the likelihoods of
the resulting cause classifications, as well as residual
likelihood in the ‘indeterminate’ cause category.
Deaths determined to be stillbirths were not included.
We calculated cause-specific mortality rates (CSMR)
using the stratified person-years (PY) and COD for
each age group (a), sex (s), year (y), and number of
deprivations (d), by cause (c).
CSMRc;a;s;y;d ¼

Deathsc;a;s;y;d
PYa;s;y;d

We calculated these age-specific mortality rates for
ages under-one year, one to four years, and five-year
age groups to 85 years and older. We used these agesex-specific mortality rates, along with the INDEPTH
2013 population standard for SSA to calculate age-sex
-standardized death rates to describe epidemiological
differences between sites and SES groups [37]. From
these age-sex-standardized cause-specific mortality
rates, we also calculated proportions from each
cause. To describe the effect of demographic composition across sites, notably age differences, we investigated crude rates. We calculated life expectancies by
site and deprivation group using standard life table
methods (see appendix) [38]. For summary measures,
we present results stratified into three groups based
on our poverty index: 0–2 deprivations, 3–4 deprivations, and 5–8 deprivations. While we created results
for the most specific causes of death classified by
InterVA-4, we additionally created summary results
using broader categories (full list of cause classifications in appendix).
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To incorporate uncertainty from the missing socioeconomic data, we calculated mortality rates based on
each of the imputed datasets we created for each site.
Our figures show means across the imputations. In
many cases, the additional uncertainty is small, as in
the proportion of the population with five or more
deprivations (Table 1). We tested for differences in
rates of death by cause groups by constructing negative
binomial models of deaths for each site and cause,
including age group, sex, year, and socioeconomic
group as covariates. We took 500 draws from the distribution of estimated coefficients for the regression
from each of the 20 imputations, yielding 10,000 simulations of the coefficients, which we summarized using
the mean and 95% uncertainty interval (UI), taking the
2.5th and 97.5th percentiles. We considered estimates of
relative rates with the UI excluding one to be significant.
We also conducted these regressions for all ages combined. To characterize variation in the relative disparities by sex and age, we also conducted similar
regressions, stratifying by sex, and then by three broad
age groups (under-15, 15 to 39, and over 40), controlling for each of the other factors in each case (results
presented in appendix). For more stable results given
the smaller numbers of deaths, we limited these stratified analyses to deaths from all causes.
Analyses were conducted using Stata version 15.1
and R version 3.3.3. Multiple imputation was conducted using the Amelia II package in R [35].

Results
We compiled 45 site-years of verbal autopsy and
demographic data from the seven HDSS sites in five
countries, comprising almost 3.5 million person-years
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of observation and 25,038 deaths (Table 1). All sites
had young populations, with 83.5% of the population
below 40, ranging from 78.4% in Harar to 87.2% in
Nairobi from 2003 to 2009. Additionally, 14.6% of the
population was below the age of five, ranging from
9.5% in Cross River to 17.0% in Karonga. The population in Kersa HDSS had the highest median number
of deprivations (6), while the populations in Harar,
Nairobi 2010–2015, and Cross River had the lowest
(2). Age and sex structures of the populations by SES
level were relatively consistent, though there were
some differences (appendix Figures S1-S3). In most
sites, young adults around ages 20 to 40 contributed
a smaller proportion of the population in the poorer
groups than the wealthier groups. The HDSS in
Nairobi in particular had a unique pattern with
a relatively large number of males between 20 and
39. In several sites, the proportion of the population
from women of older ages and from young children
was higher in the 5–8 deprivation group than in the
wealthier groups, though the overall population of
women at older ages was small.
We observed the highest age-sex-standardized mortality rates in Manhiça HDSS (1,069 deaths per
100,000 person-years) and the 2003–2009 period of
Nairobi HDSS (941 deaths per 100,000 person-years)
sites, and the lowest in Harar (304 per 100,000 personyears) and Cross River (482 per 100,000 person-years)
(Table 1). The Manhiça (51.7%), Cross River (38.5%),
and Kombewa (30.1%) sites had the highest proportion
of deaths that did not have valid VA data collected. All
other sites had valid VA data for 85%-100% of recorded
deaths. Among deaths with collected VA and for which
causes could be assigned to a specific condition (not
indeterminate) by the InterVA model, the age-sex-

Figure 1. Age-sex-standardized proportions of broad causes of death among deaths among (a) all deaths and (b) deaths
assigned causes by InterVA.
Note: Countries in which sites are located: Ethiopia (Harar, Kersa), Kenya (Kombewa, Nairobi), Malawi (Karonga), Mozambique (Manhiça), Nigeria
(Cross River).
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standardized percent from communicable, maternal,
neonatal, and nutritional (CMNN) disorders ranged
from 67.9% in Nairobi HDSS (2003–2009) to 40.8% in
Harar HDSS, while 21.9% to 52.0% of deaths were from
NCDs in those same two sites, respectively (Figure 1).
The lowest age-sex-standardized proportions of deaths
from injuries were in Karonga (5.9%) and Kersa (5.2%),
both rural, while the highest were in the urban Nairobi
HDSS in the two time periods, with 10.1% from 2003 to
2009 and 12.5% in 2010 to 2015. Crude results for all
ages were similar, though the relative percentage of
deaths from CMNN conditions was lower in Cross
River HDSS, and the relative percentages from injuries
and CMNN conditions in Nairobi HDSS were higher
(appendix Figure S4).
Age-sex-standardized mortality rates varied with
levels of poverty within each site (Figure 2). Crude
all-age rates showed similar patterns, though the
relationship between the mortality rates and deprivation groups was monotonic in Cross River HDSS
(appendix Figure S5), while it was not for age-sexstandardized rates. The regression adjusting for
age, year, and sex showed significantly higher rates
of all-cause mortality in the 3–4 and 5–8 deprivation
groups compared to the 0–2 deprivation group in
every case except the small 5–8 deprivation group in
Harar HDSS (appendix Table S7). The effect of
greater deprivation was greatest in Cross River
HDSS and lowest in Harar HDSS, with relative risks
for highest compared to lowest groups of 2.06 (95%
UI, 1.52–2.77) and 1.42 (0.85–2.31), respectively.
The ratio of death rates from CMNN conditions
between the high-deprivation group (5–8) and the low

deprivation group (0–2) ranged from 1.34 to 4.05 across
sites and were significant in all sites except Harar
(Figure 3). For several diseases grouped within this
broad category such as HIV, malaria, and tuberculosis,
higher poverty was associated with higher mortality
rates, although uncertainty intervals were often wide,
particularly in sites with fewer individuals or for less
common COD (appendix Table S7). The point estimates of the relative rates suggested higher rates of
death from NCDs among the poorer groups in each
site (relative rate between 5–8 and 0–2 deprivation
groups ranging 1.14–1.93). The relative rates for at
least one of the 3–4 and 5–8 deprivation groups compared to the 0–2 deprivation group were significantly
above one in Cross River, Karonga, Kombewa, and
Nairobi (both time periods). Some of these more specific NCD categories, like acute abdomen, liver cirrhosis, and renal failure had higher death rates among
poorer groups in almost every site, but relatively high
uncertainty (appendix Table S7). Injury death rates had
less consistent relationships with poverty, though the
point estimates mostly suggested higher rates in poorer
groups. Death rates from causes that were indeterminate were consistently higher among the poor, though
the proportion classified as indeterminate out of deaths
with completed InterVA questionnaires did not vary
much by SES group (appendix Figure S6). The sites in
Cross River and Manhiça were the only two with evidence of an association between poverty and rates of
deaths for which no VA data were collected. Excluding
deaths with no VA data and deaths for which InterVA
classified the cause as indeterminate, the age-sexstandardized proportions of deaths from CMNN

Figure 2. Age-sex-standardized mortality rates by HDSS site, socioeconomic group, and cause of death category.
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Figure 3. Mortality rate ratios by level of deprivation for broad causes of death: higher deprivations compared to the fewest
deprivations (0–2).
Note: Countries in which sites are located: Ethiopia (Harar, Kersa), Kenya (Kombewa, Nairobi), Malawi (Karonga), Mozambique (Manhiça), Nigeria
(Cross River). Ratios estimated using negative binomial regressions, controlling for age, sex, and year. Kombewa and Harar HDSS deaths from
injuries omitted from graph for scale (see appendix Table S7, Kombewa: 3–4 deprivation group: 8.3 [1.1–61.7], 5–8 deprivation group: 9.9 [1.3–
72.5]; Harar: 3–4 deprivation group: 2.0 [1.0–4.1], 5–8 deprivation group: estimates unstable due to small number of deaths). Harar and Kersa
HDSS deaths with no verbal autopsy omitted because almost every death had a verbal autopsy.

conditions tended to rise with poverty, while the proportion from NCDs tended to fall (appendix Figure S7).
The patterns observed in the regressions using crude
all-age rates were similar, though pooling across ages
diminished uncertainty intervals, making more of the
uncertainty bounds for NCD mortality rate ratios above
one (appendix Figure S8).
As with age-sex-standardized mortality, we observed
substantial differences in age-specific mortality rates
across sites. Under-5 mortality rates ranged from 17 per
1,000 live births in Harar to 83 per 1,000 live births in
Kersa. Age- or sex-specific death rates and proportions
were more difficult to compare by SES group within sites
because of small numbers (results shown in appendix).
The stratified regressions suggested larger relative allcause mortality disparities associated with SES in males
in Nairobi HDSS, particularly in the second time period,
though there was little evidence of sex differences in other

sites. The regressions stratified by age suggested that
disparities existed across all age groups. Relative allcause mortality disparities were higher under age 15
compared to above age 40 in Harar, Karonga, and
Manhiça. In Manhiça, Cross River, Karonga, Kombewa,
and Nairobi, there was also evidence that the relative
mortality rate disparities across SES groups were larger
in ages 15 to 39 than above age 40. In Nairobi, the 15 to
39-year-old age group showed larger relative SES disparities than the under-15 age group.
The mortality disparities we observed by SES led
to gaps in life expectancy at birth between those in
the 0–2 deprivation and those in the 5–8 deprivation
group ranging from 6.4 years in Karonga to 15.6
years in Kersa. The life expectancy gap between
those groups was also more than 10 years in Cross
River, Kombewa, and Manhiça, as well as in Nairobi
in the 2010–2015 period (Figure 4).
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Figure 4. Life expectancy at birth by HDSS site and socioeconomic status.

Discussion
Our study, using individual-level longitudinal data
from seven HDSS sites in five SSA countries, showed
large disparities in all-cause and cause-specific mortality rates by SES within sites. Compared to the
highest socioeconomic group, mortality rates were
greater in poorer groups, not only for communicable,
maternal, nutritional, and neonatal conditions but
also for NCDs in several HDSS sites. Relative disparities in all-cause mortality by SES were similar
between sexes in most sites, though relative mortality
rates between SES groups were often higher in
younger age groups, particularly in younger adults
(15 to 39 years of age) compared to older adults
(over 40 years of age). The gap in life expectancy of
over 10 years between socioeconomic groups in several of the sites in our study is on par with the
difference in the average life expectancies of the
USA and Kenya, yet our results are for people living
within the very same communities [39].
The variation in all-cause and cause-specific deaths
between sites was comparable to earlier multi-site studies
of mortality in these populations, with differences in
factors such as urbanicity and SES contributing to this
variation [14]. For example, the populations in the Harar
and Nairobi sites had fewer average deprivations on the
poverty index, which may partly be related to their locations in more urban areas. However, mortality rates and
composition of causes varied greatly between these sites,
with lower mortality in Harar HDSS (and the highest
proportion of classified deaths from NCDs) and higher
mortality in Nairobi HDSS. It is possible that some of this
difference in mortality is related to risks associated with
the location of the Nairobi HDSS in two slum communities [27]. Local epidemiological differences, particularly
relating to the HIV epidemic, are likely to have contributed to differences in mortality rates and proportions of

deaths from communicable diseases between sites. Some
differences between urban and rural sites were apparent;
the injury mortality rates in Nairobi HDSS were much
higher compared to those in the more rural sites, even
after controlling for the high proportion of young adult
males with particularly high injury mortality rates in the
Nairobi site. Further, the gap in mortality rates between
the sites in Harar and Kersa was stark (about a 5-fold
difference in under-5 mortality rates), even though the
two sites are separated by fewer than 100 kilometers.
Large SES differences between these sites likely played
an important role, but this disparity also echoes other
studies showing gaps between urban and rural child
mortality [40].
Results from each site showed large disparities in allcause mortality rates between the wealthiest and poorest
groups. Consistent with some previous studies, our
results showed strong relationships between SES and allcause mortality across the age spectrum [6]. Cross River,
Kersa, and Kombewa had the largest relative disparities
in all-cause age-sex-standardized mortality rates by SES
group, though uncertainty intervals were overlapping
with other sites. Local factors may lead to differences in
the degree of inequality observed. Some studies have
suggested that urban or semi-urban areas may show
higher inequality, at least in under-5 mortality, because
of greater heterogeneity in factors like piped water or
electricity (while most rural households in certain areas
are not likely to have these resources at all) [41]. Other
factors, such as access to health facilities, may be more
inequitable in rural areas. We did not see clear patterns in
mortality disparities with regards to the urbanicity of
sites, though our study did not explicitly examine this
relationship. Previous analyses examining relationships
between SES and specific causes of death in LMICs have
found associations between lower SES and higher rates of
death from communicable diseases, NCDs, HIV, tuberculosis, maternal mortality, and childhood illness from
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diarrhea and lower respiratory infections, yet these relationships do not appear consistently [8–10,20,21,23,26].
We observed associations for several of these conditions
in multiple sites.
Many countries are experiencing epidemiological
transitions as communicable disease burden is reduced
by development and health interventions targeting
these conditions, but groups within countries may
face different rates of transition, with poorer populations lagging [42,43]. While our study lacks the level of
detail and length of longitudinal follow-up to examine
this possibility directly, we found consistently higher
overall mortality rates and a larger fraction of mortality
from communicable, maternal, neonatal, and nutritional diseases in the poorer groups. We also found
higher rates of death from NCDs. The epidemiological
transition is sometimes described as a progressive
change in disease burden from communicable to
a profile dominated by NCDs as populations age and
become wealthier. Yet, there is also evidence that the
probability of dying from an NCD is higher in LLMICs
than in higher-income countries, even though the fraction of deaths from NCDs is lower [44]. Our study
suggests an analogous association between poverty and
NCDs at a household level – we found higher rates of
NCD deaths in some poorer subpopulations. A better
understanding of the drivers of existing disparities –
such as low availability of NCD services, the pathways
between NCDs and poverty [45,46], and various risk
factors for NCDs [47,48] – are needed to inform prevention and management strategies. Our study contributes to this effort as part of the Lancet NCDI Poverty
Commission to establish evidence about the burden of
NCDIs among the poorest.
Our analyses capitalized on the strengths of HDSS
data, including the granularity of household-level poverty information rather than the administrative unit
comparisons often used; the verbal autopsies of deaths,
which allowed us to examine COD; the routine surveillance of HDSS sites giving a denominator that allowed
us to calculate cause-specific death rates and life expectancy; and the inclusion of sites from multiple countries with different settings. Despite the richness of the
data from these HDSS sites, our study had several
limitations. COD assigned using verbal autopsy has
inherent limitations, although methods are continuously evolving [49]. However, the processes used in
verbal autopsy – sourcing information from available
respondents who have varying knowledge and insights
about the history, symptoms, and signs leading to
someone else’s death – can never be expected to provide unambiguous causes for every death in
a community. In a study of this kind, a high priority
is to secure methodologically comparable results across
sites and over time, for which we used InterVA-4,
a commonly used probabilistic model for VA questionnaires relating to World Health Organization standards
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[50] as used across INDEPTH sites [14,36]. The available cause classifications have been defined by the
World Health Organization based on groups of ICD
codes, pragmatically derived in terms of both public
health importance and feasibility using verbal autopsy.
However, it is easier to classify some types of deaths,
such as injuries, using verbal autopsy, compared to
deaths associated with more general symptoms like
abdominal pain [49]. InterVA-4, in modeling likely
COD on a case-by-case basis, does not have any input
characterizing the socioeconomic status of the
deceased. HDSS data provide useful subnational estimates, but their representativeness of wider populations may vary. Nonetheless, a co-validation study
between INDEPTH HDSS mortality data and Global
Burden of Disease mortality estimates showed strong
similarities across a range of countries, suggesting that
HDSS data may be more generalizable than is sometimes assumed [51]. The consistency of our findings
across multiple sites from five SSA countries suggests
that socioeconomic disparities in mortality rates are
widespread across different settings and that the patterns of COD also vary by SES. HDSS-specific data
were sufficiently large, in most instances, to detect
differences in mortality rates by broad cause groups,
but stochastic variation may explain some of the
observed differences in smaller age, sex, and SES subgroup analyses. For instance, it is unclear whether the
age-sex-standardized mortality rate in Cross River is
higher in the 3–4 deprivation group than the 5–8
deprivation group because of unstable rates, particularly because the crude mortality rates do not show this
pattern.

Conclusion
Our findings highlight that socioeconomic disparities
within relatively small communities can be quite large
in SSA countries. Using available data from smaller
area-based units, such as HDSS sites, provides locally
relevant insights into health inequality, alignment
with administrative units of government, and greater
ability to reach communities [52]. Understanding the
impact of inequalities within these communities is
important to ensure that these types of disparities
are addressed when designing interventions for prevention and management of disease.
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