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Abstract

Background: Programmatic and research agendas surrounding neonatal mortality are important to help countries
attain the child health related 2030 Sustainable Development Goal (SDG). In Burundi, the Neonatal Mortality Rate
(NMR) is 25 per 1000 live births. However, high quality evidence on the over time evolution of inequality in NMR is
lacking. This study aims to address the knowledge gap by systematically and comprehensively investigating
inequalities in NMR in Burundi with the intent to help the country attain SDG 3.2 which aims to reduce neonatal
mortality to at least as low as 12 per 1000 live births by 2030.

Methods: The Burundi Demographic and Health Survey (BDHS) data for the periods of 2010 and 2016 were used
for the analyses. The analyses were carried out using the WHO's HEAT version 3.1 software. Five equity stratifiers:
economic status, education, residence, sex and subnational region were used as benchmark for measuring NMR
inequality with time over 6 years. To understand inequalities from a broader perspective, absolute and relative inequality
measures, namely Difference, Population Attributable Risk (PAR), Ratio, and Population Attributable Fraction (PAF) were
calculated. Statistical significance was measured by computing corresponding 95% Confidence Intervals (Cls).

Results: NMR in Burundi in 2010 and 2016 were 36.7 and 25.0 deaths per 1000 live births, respectively. We recorded large
wealth-driven (PAR=-3.99, 95% Cl; — 5.11, — 2.87, PAF =-15.95, 95% Cl; — 2042, — 11.48), education related (PAF =-6.64,
95% Cl; — 13.27, — 0.02), sex based (PAR=-1.74, 95% Cl; — 2.27, — 1.21, PAF =-6.97, 95% Cl; — 9.09, — 4.86), urban-rural (D =
1544, 95% Cl; 7.59, 23.29, PAF =-38.78, 95% Cl;, —45.24, — 32.32) and regional (PAR=-12.60, 95% Cl; — 14.30, — 1090, R=
3.05, 95% Cl; 1.30, 4.80) disparity in NMR in both survey years, except that urban-rural disparity was not detected in 2016.
We found both absolute and relative inequalities and significant reduction in these inequalities over time - except at the
regional level, where the disparity remained constant during the study period.
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Conclusion: Large survival advantage remains to neonates of women who are rich, educated, residents of urban areas
and some regions. Females had higher chance of surviving their 28th birthday than male neonates. More extensive work
is required to battle the NMR gap between different subgroups in the country.

Keywords: Neonatal mortality, Magnitude, Time trends, Inequality, Global health, Burundi, DHS

Background

The first twenty-eight days of life — the neonatal period
— is the most vulnerable time for a child’s survival. Chil-
dren face the highest risk of dying in their first month of
life, and a global rate of 18 deaths per 1000 live births
was recorded in 2018 [1]. According to data provided by
UNICEF, worldwide, there are approximately 7000 neo-
natal deaths every day, with one third dying on the first
day [1]. Though, neonatal mortality rate globally declined
from 37 deaths per 1000 live births in 1990 to 19 in 2016,
the decline in the neonatal mortality rate between 1990 to
2016 was slower (49%) than the decline in mortality
among children aged 1-59 months with 62% [2].

The burden of neonatal deaths is also unevenly distrib-
uted across regions and countries [2]. Two regions
accounted for almost 80% of newborn deaths in 2016 —
Southern Asia accounted for 39% of all such deaths and
sub-Saharan Africa (SSA) accounted for 38% [2].

Generally, effective interventions to improve survival
rates of neonates around the world continue to increase.
However, implementation strategies necessary for these
interventions remain a challenge [3]. In a multicounty
analysis, McKinnon et al. (2014) reported socioeconomic
inequity in neonatal deaths which tend to occur in dis-
advantaged sub-populations within a country [3]. As the
global community works toward an equity-oriented
international agenda to meet the United Nations’ SDG
3.2 which aims to reduce neonatal mortality to at least
as low as 12 per 1000 live births by 2030 [4], it is im-
perative that interventions reach these sub-populations.
Evidence-based research is necessary to outline the
problem, who is affected most, and how the problem is
changing over time. This, in turn, will inform policies
and strategies and target sub-groups of populations who
suffer most from high rates of NMR.

The majority of neonatal deaths tend to occur in Low-
and Middle-Income Countries (LMICs) [5] disfavoring the
poor, illiterate and rural communities [3, 6]. Neonates born
to women in higher socioeconomic positions have better
survival rates [5]. Although socioeconomic inequality in
NMR trends seems to have decreased over the last two
decades in LMICs, there remains an inequality in access to
appropriate NMR interventions (i.e. skilled birth attend-
ance), with increased survival for neonates born into
wealthier households with a higher level of education [3].
According to the WHO, despite increases in the availability

and utilization of maternal and child health services,
Burundi’s maternal mortality remains one of the highest
in the region (three times higher than in Rwanda) and in
Africa (ranked 39th of 46 countries) [7]. Child and infant
mortality rates are above both the sub-Saharan African
average (83 per 1000 live births) and the WHO African
average (81 per 1000 live births) [7].

SSA has the highest neonatal mortality rate (NMR) in
the world [8]. Burundi has a NMR of 25 deaths per 1000
live births and is one of the highest in SSA [9]. A previ-
ous facility-based study in Burundi revealed that, nearly
50% of the neonatal deaths were caused by early neo-
natal infection, and the remaining 50% by prematurity,
fetal acute, and lung disease respectively, with variations
across geographic area (urban-rural) and based on new-
born’s sex [10]. More recently, the call to promote
health among disadvantaged populations has been
echoed through other important global initiatives, not-
ably the Commission on Social Determinants of Health
[11] and the Rio Political Declaration on Social Determi-
nants of Health [12]. Increasingly, global initiatives are
orienting towards establishing health inequality monitor-
ing practices and tangible actions to reduce health in-
equalities, with a focus on accountability and results [13].
Health inequity is a normative concept, defined as the
avoidable and/or unjust differences in health between
population subgroups [13]. Statements about health equity
involve a judgment about what is deemed to be right, fair,
or acceptable in a society [13, 14]. Measuring and moni-
toring health inequalities is a starting point from which
health equity can be evaluated [13, 14]. Evidence-based re-
search is needed to understand trends and inequalities in
NMR [13, 15], so as to inform policies and strategies and
target sub-groups of populations who suffer most from
high rates of NMR.

In this paper, we assess the magnitude and time-
trends of socio-economic, sex, and geographic disparities
in NMR using different and highly rigorous inequality
measurement techniques based on the Burundi demo-
graphic health survey data. To the best of our know-
ledge, this is the first study on the topic that aimed at
answering two major questions: 1) what is the status of
NMR inequality in Burundi across different equity strati-
fiers; and 2) how have levels of NMR inequality in differ-
ent equity stratifiers changed over time between 2010
and 20167
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Methods
Study setting
Burundi lies astride Eastern Africa and Central Africa
[16, 17] and is the third most populous country in SSA.
In 2015, the country had an estimated 435 inhabitants
per km? and by 2040, its booming population is ex-
pected to double [17]. With a population of 11 million,
it is one of the economic-disadvantaged countries due to
existing political instability and violence [17]. Burundi is
the least urbanized country in SSA in spite of its high
population density and as at 2014, only 12% of the popu-
lation lived in urban settings [17]. Burundi trails on
many human development indicators and with an aver-
age per capita consumption of only US$270 per year, the
country lies at the bottom of the low-income category
[17]. Hunger and malnutrition are predominant in the
country despite the country’s economic dependence on
agriculture. In 2014, almost 70% of Burundi’s population
was found to be undernourished, over three times the
then Millennium Development Goals target and 60% of
children under-five were suffering from stunting [17].
Over the past two decades, there have been advances
in some health indicators such as under-five and mater-
nal mortality rates and vaccination coverage in Burundi
[7]. Notwithstanding, maternal, infant, and child mortal-
ity rates lag below regional averages due to political cri-
sis in the country, coupled with inequities in health
service utilization and financial barriers to healthcare ac-
cess, which are predominant in low- income and rural

households [7].

Data source

The Burundi Demographic and Health Survey (BDHS)
for the periods of 2010 and 2016 were used for the ana-
lyses. Both are nationally representative household sur-
veys. DHS is a rich source of data for several
reproductive and child health care service indicators, in-
cluding mortality in Burundi. The BDHS is carried out
every 5 years and so far, three waves have been con-
ducted between 2005 and 2016. Since the 2005 BDHS
does not contain data on NMR, we confined our ana-
lyses to the 2010 and 2016 rounds. The survey basically
covered women aged 15 to 49 years that gave births 5
years prior to the respective surveys, and men aged be-
tween 15 to 59years and children. The response rates
for the women were 96.4 and 99% for the 2010 BDHS
and 2016 BDHS respectively.

The methodology of the BDHS has been clearly de-
scribed in the respective DHS’s final pdf document and
we refer readers to the documents for detailed informa-
tion on how the surveys were conducted [9, 18]. In brief,
DHS is a two-stage population-based study with the first
stage being large communities or villages that encom-
pass several households. These are normally known as
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Enumeration Areas (EAs). EAs are selected through
Probability Proportional to Size (PPS) approach so that
large EAs have higher chance of being in the sample
than small EAs. The EAs were selected from the list of
EAs which were prepared in the Burundi Population and
Housing Census. The complete list of all the EAs in the
country served as sampling frame for the first stage and
list of households in the selected EAs served as sampling
frame for the second stage, where households are se-
lected from each EA and all eligible individuals within
the selected households are studied. The EAs and house-
holds are the primary and secondary sampling units re-
spectively. Samples were selected so that they were
representative at the national level.

Selection of variables

Inequality is measured for NMR, which refers to the
number of deaths during the first 28 completed days of
life per 1000 live births in a given year or another period.
The birth histories data in the DHS has information on
the birth dates and age of death of neonates. The ana-
lyses involved data on live births that took place 5 years
prior to the surveys.

Measures

Five equity stratifiers: economic status, education, resi-
dence, sex and subnational region were used as bench-
mark for measuring NMR inequality with time over 6
years. Wealth index, which is derived from household
assets and features was used to approximate economic
status. Principal Component Analysis (PCA) is used to
compute wealth index in DHS and classifies it as poorest,
poorer, middle, richer, and richest [19]. Educational status
of the mother was grouped into no education, primary,
and secondary education, while urban and rural were used
to define residence. Sex was categorized as male and
female, and subnational region into five regions in 2010
namely Bujumbura, North, Centre-East, West, and South
and into eighteen regions in 2016 such as Bubanza,
Bujumbura Rural and Bururi, just to name few.

Statistical analysis

A two-step approach was followed in measuring inequal-
ity in NMR. The first step involved a disaggregation of
NMR by five equity stratifiers, namely education, eco-
nomic status, residence, subnational region and sex. This
was followed by an assessment of inequality using four
measures of inequality, thus Difference (D), Population
Attributable Risk (PAR), Population Attributable Frac-
tion (PAF) and Ratio (R). The D is a simple, unweighted
measure of inequality that portrays the absolute inequal-
ity between two subgroups. The PAR is a complex,
weighted measure of inequality that shows the potential
for improvement in the national level of a health
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indicator that could be achieved if all subgroups had the
same level of health as a reference subgroup. The PAF is
a complex, weighted measure of inequality that shows
the potential for improvement in the national level of a
health indicator, in relative terms, that could be achieved
if all subgroups had the same level of health as a refer-
ence subgroup. The R is a simple, unweighted measure
of inequality that shows the relative inequality between
two subgroups [20]. Whereas Difference and Ratio are
simple measures, the other two are complex measures. R
and PAF are relative measures, but D and PAR are abso-
lute summary measures. The selection of summary mea-
sures is based on evidence that supports the scientific
significance of using both absolute and relative measures
in studies involving single health inequality [21]. This is
deemed essential due to the likelihood of obtaining dif-
ferent and even contrasting conclusions, which can lead
to bias informed decisions when using either relative
and absolute inequality measures alone [21]. Further,
complex measures are likely to examine inequalities over
time when there is a shift in the proportion of popula-
tion in each dimension of inequality [21].

The difference between complex and simple measures
is that whereas the former takes into consideration size
of categories of a sub-group, the later does not. Again,
in situations where there is a likelihood of population
shift, especially during trend analysis, complex measures
are more probable to show the true change in equality
over time but simple measures are easy to interpret and
understand [21]. Hence, in order to provide a more
comprehensive analysis, there is the need to combine
both simple and complex measures, in addition to rela-
tive and absolute measures in an inequality study.

The analysis was carried out using the WHO’s HEAT
version 3.1 software [20]. Detailed description of the
procedures followed for calculating summary measures
are available in the HEAT software technical notes [20]
and in the WHO handbook on health inequality monitor-
ing [21]. Hence, only a brief description is provided here.
For education, D was calculated as NMR in “un-educated”
group minus NMR in “secondary education” group,
whereas for economic status, it was calculated as NMR in
the poorest group minus NMR in the richest group. Simi-
larly, D was calculated as NMR in rural minus NMR in
urban populations with respect to place of residence, male
minus female for sex, and region with the highest estimate
minus the one with the lowest estimate in relation to sub-
national region. The same subgroups are used to calculate
R, but instead of subtracting NMR estimate of one sub-
group by the other unlike the case for D, we divide one by
another.

The NMR estimate for the reference subgroup, yref,
and the national average of neonatal mortality rate was
used to compute PAR. For ordered dimensions the
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most-advantaged sub-group describes y,., which in our
case are the secondary school and above subgroups for
education and richest sub-group for economic status
and for binary dimensions like sex and residence, y,.s re-
fers to the subgroup which has the lowest estimate,
which in our case are female and urban residence. For
non-ordered dimensions like subnational region, Yy
points out the subgroup or region with the lowest esti-
mate, PAF were computed by dividing the PAR by the
national average p and multiplying the fraction by 100
(PAF = [PAR / p] * 100). PAF is zero if no further im-
provement can be achieved, i.e. if all subgroups have
reached the same level of health as the reference group
(20). The change in NMR over time was assessed in ref-
erence to the 95% Confidence Intervals (CIs) of the dif-
ferent survey years. Whereas an absence of overlapped
CIs portrays statistically significant difference between
the two ClIs, an overlap of CIs is an evidence of absence
of inequality.

Ethical consideration

The analyses were performed using publicly available
DHS data. Institutions involved in the commissioning,
funding and management of the surveys are responsible
for ethical procedures in the surveys. To ensure that the
survey protocols comply with the U.S. Department of
Health and Human Services regulations for the protec-
tion of human subjects, all DHS obtain their approval
from ICF international in addition to an Institutional Re-
view Board (IRB) in the respective country.

Results

In this study, a total of 40, 580 total live births were in-
cluded based on mothers’ participation in the 2010 and
2016 surveys. Out of this sample, 20,090 (49.5%) were fe-
male newborns and 37,115 (91.4%) were rural residents.
About 8813 births (21.7%) were born to women in the
poorest wealth quintile; 21,201 (52.2%) were born to
women with no formal education, followed by 16,303
(40.1%) babies born to women with a primary level of
education.

The NMR (deaths per 1000 live births) in Burundi in
2010 and 2016 were 36.7 and 25.0 deaths per 1000 live
births, respectively. NMR was nearly similar across eco-
nomic subgroups in 2010, with the richer wealth quintile
having slightly higher NMR than others. In 2016, NMR
was lowest in the poorer wealth quintile which was ap-
proximately 19 neonatal deaths per 1000 live births (95%
CL; 14.27, 23.96). Except in the poorest and richest
groups, the NMR decreased in the other wealth categor-
ies between 2010 and 2016. For instance, the NMR was
36.93 (95% CI; 29.6, 45.93) and 33.85 (95% CI; 28.12,
40.71) among the poorest subgroup in 2010 and 2016
respectively, indicating no significant decrement in NMR
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over the last 6 years. In 2010, NMR was lower among
the secondary education group with a rate of 18 neo-
natal deaths per 1000 live births (95% CI; 9.99, 32.04).
However, no significant difference in NMR was seen in
2016 across education subgroups. While the secondary
education subgroup had almost a constant NMR pattern
over time, the NMR decreased in the other two groups
(Table 1).

Extent and time trends of socio-economic and area-based
inequality

Table 2 shows NMR inequality with respect to wealth,
education, residence, sex, and sub-national region di-
mensions for both 2010 and 2016. We organized the
main findings into socio-economic, area-based and sex-
related inequality.

Socioeconomic inequality

The socio-economic inequality consisted of wealth-
based and educational status inequality. Wealth based
inequality in NMR was observed in Burundi by complex
measures (PAF, PAR) in 2010 (PAF = - 19.07, 95% CI; -
23.55, - 14.58, PAR = - 6.99, 95% CI; - 8.64, — 5.35) and
2016 (PAF =-15.95, 95% CI; - 20.42, — 1148, PAR = -
3.99, 95% CI; - 5.11, — 2.87). Additionally, the D measure
also indicates presence of economic inequality in 2016.
The relative inequality was higher than the absolute in-
equality in both years, with the absolute inequality de-
creasing over time. Educational status inequality was
observed in 2010 by all the measures except R (R =2.20,
95% CI; 0.88, 3.52). In 2016, only relative inequality
existed based on PAF (PAF = - 6.64, 95% CI; - 13.27, -
0.02). In terms of time trend, the inequality decreased.

Area based inequality

Both absolute and relative place of residence inequalities
in NMR were observed in 2010 by all the measures.
However, all measures did not indicate existence of in-
equality in 2016. For instance, the Dmeasure showed
(15.44, 95% CI; 7.59, 23.29) and (- 0.57, 95% CI; - 12.15,
11.00) in 2010 and 2016 respectively, indicating signifi-
cant absolute urban-rural disparities in 2010 but not in
2016. Similarly, the PAF measure indicated (- 38.78, 95%
CL —45.24, — 32.32) and (0, 95% CI; - 6.73, 6.73) in 2010
and 2016 respectively, signifying substantial urban-rural
relative disparities in 2010 but not in 2016.

Another main finding from the current study is the
presence of subnational region inequality in NMR in
2010 and 2016 by all measures. The pattern of region-
based inequality in NMR was roughly constant overtime.
For instance, the D measure (24.51, 95% CI; 10.60, 38.43
and 25.54, 95% CI; 11.22, 39.85) in 2010 and 2016 re-
spectively, indicating significant absolute regional in-
equality with overtime constant pattern. Again, the R
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measure (2.24, 95% CI; 1.02, 3.46 and 3.05, 95% CI; 1.30,
4.80) in 2010 and 2016, indicating substantial relative re-
gional disparities in NMR with constant pattern.

Sex related inequality
Sex inequality in NMR was observed in 2010 by all mea-
sures and in 2016 by complex measures only (PAF =-
6.97, 95% CIL; - 9.09, - 4.86, PAR = - 1.74, 95% CI; - 2.27,
-1.21), with both absolute and relative inequalities
decreasing over time.

Discussion

In this study, we examined the over-time socioeconomic,
sex-related and geographical disparities in NMR in
Burundi. Our findings highlighted significant inequalities
in NMR between the rich and the poor, educated and
non-educated groups, male and female neonates, urban
and rural, and between regions, with varying over time
trends. We noted statistically important wealth-driven
inequality in NMR both in 2010 and 2016 that favors the
rich. While the pattern of absolute wealth-driven inequality
showed decreasing trend from 2010 to 2016 by PAR meas-
ure, the relative wealth-based disparity remained constant
during the same time period. The finding that NMR is
highly prevalent among the poor is consistent with previous
studies in many countries [22-24].

The reason for a higher NMR among the poorest sub-
population might be due to difference in the household’s
coping capacities in the country’s crisis which exacerbated
the nation’s existing food security and malnutrition chal-
lenges caused by the disruption of food supplies [17, 25—
27]. Political instability and insecurity in Burundi since
mid-2015, coupled with natural disasters, have resulted in
falling agricultural production and economic contraction
[17, 26]. This in turn has resulted in a food insecurity crisis
among vulnerable households [17, 26]. The ongoing polit-
ical tension disrupted crop production, as many farmers
had to abandon their land due to insecurity [17, 25, 26].

Our study also reveals substantial absolute and relative
education-based inequality in NMR in 2010 and a far
less severe relative and absolute inequalities in the 2016
surveys. These results suggest a higher number of neo-
natal deaths among newborns of uneducated mothers
compared to educated mothers. If the observed educa-
tional disparities were prevented, the country could have
reduced the 2010 and 2016 NMR, based on the point es-
timates of the PAF measure, approximately by 51 and
7% respectively. It's worth noting that both the relative
disparities were significantly reduced from 2010 to 2016
and the absolute education-related inequality could not
be detected in 2016 altogether, a finding that might sig-
nal the country’s commitment in providing good health
care services for the entire population including the un-
educated. Consistent with a previous study [28], our
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Table 1 Neonatal mortality rate (deaths per 1000 live births) disaggregated across the socio-economic, geographic and sex

subgroups in Burundi from 2010 to 2016

Inequality dimension Subgroups 2010 2016
Estimate (95% Cl) Pop” Estimate (95% Cl) Pop®
Economic status Poorest 36.93 (29.6, 45.93) 2948 33.85(28.12, 40.71) 5865
Poorer 35.54 (28.29, 44.57) 3118 18.50 (14.27, 23.96) 5495
Middle 38.37 (28.82, 5091) 2985 24.99 (19.68, 31.67) 5339
Richer 42.11 (33,60, 52.67) 2852 2540 (2040, 31.59) 5121
Richest 29.70 (22.08, 39.83) 2504 4 (15.16, 29.14) 4350
Education No education 39.64 (34.69, 45.27) 7916 26.88 (23.26, 31.04) 13,285
Primary school 35.17 (2862, 43.15) 5712 23.09 (1967, 27.10) 10,591
Secondary school 17.95 (9.99, 32.04) 780 23.37 (15.17, 35.86) 2295
Place of residence Rural 3791 (33.86, 42.42) 3,281 24.99 (22.31, 27.98) 23,834
Urban 2246 (16.73, 30.10) 1128 25.56 (1643, 39.57) 2337
Sex Female 2 (27.05,37.17) 7147 2329 (20.01, 27.09) 12,943
Male 9 (36.05, 47.95) 7262 26.75 (23.15, 30.89) 13,228
Subnational region Regions in 2010 Regions in 2016
01 Bujumbura 01 Bubanza 19.75 (11.99, 32.36) 676 25.82 (13.85,47.61) 1444
02 North 02 Bujumbura rural 37.99 (31.35, 45.97) 4337 17.50 (12.09, 25.27) 485
03 Centre-east 03 Bururi 33.77 (28.02, 40.65) 3537 19.59 (11.75, 32.49) 744
04 West 04 Cankuzo 44.27 (35.37, 55.28) 2865 3645 (25.75,51.37) 828
05 South 05 Cibitoke 34.85 (25.84, 46.86) 2992 26.89 (18.64, 38.66) 1606
NA 06 Gitega NA NA 28.72 (19.70, 41.69) 2122
NA 07 Karusi NA NA 16.31 (11.05, 24.00) 1439
NA 08 Kayanza NA NA 5 (1376, 34.24) 1656
NA 09 Kirundo NA NA 3746 (2940, 47.62) 2093
NA 10 Makamba NA NA 14.60 (8.78, 24.20) 1550
NA 11 Muramvya NA NA 25.78 (16.85, 39.26) 900
NA 12 Muyinga NA NA 37.97 (26.80, 53.55) 2247
NA 13 Mwaro NA NA 1647 (9.96, 27.11) 747
NA 14 Ngozi NA NA 2748 (18.12,4147) 2025
NA 15 Rutana NA NA 4 (1345, 32.74) 1102
NA 16 Ruyigi NA NA 1243 (7.85, 19.62) 1415
NA 17 Bujumbura mairie NA NA 29.99 (15.22, 58.24) 1235
NA 18 Rumonge NA NA 1845 (10.59, 31.97) 1527
National 36.7 250 40,580

NA Not applicable for 2010 survey

finding also shows lower NMR among newborns of edu-
cated mothers. This could be due to better birth spacing,
better awareness and utilization of prenatal care and
health services among educated mothers [29, 30]. Par-
ticipation in higher education allows a woman to gain a
better occupation and hence a higher income/wealth
level [31, 32]. It also influences the attitudes of mothers
towards traditional norms and beliefs, which have influ-
ence on the neonatal, infant and child survival [33].
Education can be anticipated to be correlated with an

increased appreciation of illnesses, signs, and symptoms,
and accessibility of services and it’s a good proxy of so-
cioeconomic position [34, 35].

We also found a considerable pro-urban inequality in
NMR in 2010. The Neonatal mortality rate in 2010
among rural residents was higher by more than 15 neo-
natal deaths per 1000 live births, compared to their
urban counterparts. Similarly, as detected by the R
measure, NMR among rural residents was 1.68 times
higher than in urban residents. In 2010, NMR would
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Table 2 Magnitude and trends of inequalities in neonatal mortality rate (deaths per 1000 live births) in Burundi from 2010 to 2016

Dimension 2010 2016
Measure %(95%Cl) %(95%Cl)
Economic status D 7.23 (-4.68, 19.14) 12.81 (3.51, 22.10)
PAF (%) —19.07(-23.55, —14.58) —15.95(-2042, —11.48)
PAR —6.99 (-864, —5.35) —3.99 (-5.11, -2.87)
R 1.24 (0.78, 1.69) 1.60 (1.00, 2.21)
Education D 21.69 (9.98, 33.40) 3.50 (=7.26, 14.27)
PAF(%) —51.06(- 58.30, —43.82) —6.64 (=13.27,-0.02)
PAR — 1874 (- 214, -16.08) —1.66 (—3.32,0.00)
R 2.20(0.88, 3.52) 1.14 (0.62, 1.67)
Place of residence D 1544 (7.59, 23.29) —0.57 (= 12.15, 11.00)
PAF(%) —38.78(—45.24, —32.32) 0 (-6.73,6.73)
PAR —14.23 (- 16.60, — 11.86) 0 (—1.68, 1.68)
R 1.68 (1.15, 2.21) 0.97 (0.53, 1.42)
Sex D 9.87 (2.09, 17.65) 345 (-1.76, 868)
PAF(%) —13.55(=15.72, = 11.39) —6.97 (-9.09, —4.86)
PAR —497 (-5.76, —4.18) —1.74 (=227, -1.21)
R 1.31(1.03, 1.59) 1.14 (0.90, 1.38)
Region D 24.51 (10,60, 3843) 25.54 (11.22, 39.85)
PAF(%) —46.18(-54.26, —38.1) —50.34 (= 57.12, — 43.56)
PAR —16.94 (-1991, — 13.98) —12.60 (—14.30, —10.90)
R 2.24 (1,02, 3.46) 3.05 (1.30, 4.80)

NB: The national average NMR was 36.7 deaths per 1000 live births in 2010 (using births in the 5 preceding years) and 25.0 in 2016.; For PAR and PAF the
reference are the most advantaged subgroups (least burdened) (richest, secondary school and above, urban, female, region with lowest NMR such as Bujumbura
in 2010 and Ruyigi in 2016); For Difference and Ratio the reference was the subgroup with highest value (highest NMR)

D Difference; PAR Population Attributable Risk; PAF Population Attributable Fraction; R Ratio

have been reduced by 39%, based on the point estimates,
if Burundi had put in place relevant interventions to re-
duce relative inequalities. This higher NMR among rural
residents is consistent with a previous study in
Cambodia [28]. The reason for high mortality in rural
setting might be related to congenital malformations,
which are more common in rural residents [35]. Evi-
dence shows that congenital malformation in the neo-
natal and post neonatal period is associated with higher
risk of mortality in rural areas [35]. The causes of most
congenital malformations are not yet identified; never-
theless, it is possible that their risk factors include the
limited access to prenatal care [36] occupational expos-
ure to pesticides [37] and low socio-economic status
[38].

Our results also highlight considerable absolute and
relative sex-based inequality both in 2010 and 2016 with
higher concentration of NMR among male newborns.
Effective strategies would have helped reduce NMR both
in 2010 and 2016, NMR by nearly 14 and 7% respect-
ively with regard to relative inequalities, and by 5 and 2
neonatal deaths per 1000 live births for absolute sex-
based inequalities respectively, based on the point

estimates, during the same periods. Male infants seem to
be more vulnerable to mortality and morbidity, includ-
ing intrauterine growth restriction, respiratory insuffi-
ciency or prematurity [39]. The underlying mechanisms
contributing to the observed male disadvantage have not
been elucidated. At present, some hypotheses have been
proposed regarding the role of gender-associated genetic
and endocrine differences in the determination of neo-
natal mortality or morbidity. Authors of previous studies
have speculated that the male disadvantage might be
caused by hormonal environment differences and abso-
lute sex-based inequalities [40].

Substantial absolute and relative subnational regional
inequalities in NMR are found in both 2010 and 2016,
favoring newborns from certain regions than others. For
instance, if the absolute regional inequality were avoided,
the 2010 and 2016 country’s NMR estimate would be re-
duced by nearly 17 and 13 neonatal deaths per 1000 live
births respectively. Evidence suggests the possible rea-
sons for this disparities are related to difference in qual-
ity of midwifery, obstetric, and pediatric care available
[7]. Additionally, differences in the number of health fa-
cilities and health personnel, easiness or difficulty in
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accessibility to health services, and number of private
health facilities within the regions can largely create dis-
parities in health service qualities including pregnant
women across regions [7, 41]. A major difficulty under-
lying the low quality in the delivery of healthcare services
in Burundi is the shortage of qualified human resources
[7], difference in distribution of health human resources.
Efforts to redistribute medical staff more equitably accord-
ing to the Ministry’s norms have been hampered by the
lack of incentives for medical staff to move to remote
areas, as well as the absence of accountability and sanction
mechanisms governing the distribution of medical staff.
Accessibility of facility might create a good opportunity
for utilization of health services [42, 43], which can help
address newborn deaths through early detection and man-
agement of pregnancy problems [44].

It has been shown that health care inequality monitor-
ing requires disaggregation of a health care indicator by
appropriate and relevant social inequality dimensions
[21]. Measures of inequality have the potential to reveal
why reducing unfavorable health care indicator dispar-
ities between subgroups is important in terms of redu-
cing the aggregate national figure of the same indicator.
From our analysis, for example, if there were no educa-
tion related disparity in NMR in 2010, the national
NMR would have been reduced by more than 50%, that
is, the NMR in 2010 would be 18 deaths per 1000 live
birth instead of 37 deaths per 1000 live births (the 2010
NMR for Burundi). Disparities in NMR are thus consid-
ered as barriers in decreasing national level NMR and this
in turn, affects the prospect of attaining the 2030 SDG of
the NMR [4]. Evidence shows that reducing inequality be-
tween different population groups would result in gains in
health status [45].

Strengths and limitations
The study has numerous strengths. First, the use of sev-
eral measures of inequality contributed to the worth of
evidence contained in this paper. The weakness of each
method is better supplemented by the strengths of other
methods. Also, using both relative and absolute inequal-
ity measures in the same study has the potential to help
examine the magnitude and trend of inequality from a
number of dimensions and viewpoints. Secondly, the
study presented the inequality findings for each sub-
group of the equity stratifiers, and this can assist the
government to identify where and how to focus their ef-
forts towards realization of the equity-oriented SDG in
relation to neonatal health. Finally, the study used a
high-quality data available through the WHO health
equity monitor database which strengthens the quality
of the conclusions drawn from the study.

Our study should be viewed by considering a number of
limitations. The study presented only the population level
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NMR inequality at the national level, and further small
studies at district and kebele level may be required to see
whether the same disparity remains. Our study focused on
description of the nature of NMR inequality in light of the
recommended dimensions of health inequality. We recom-
mend the conduct of decomposition analysis to explore fac-
tors that could explain the disparities in NMR across
various dimensions of inequality observed in this study. To
fully account for the overtime variations in the distribution
of wealth and education in each region, we recommend fur-
ther research on wealth and education-based inequalities
studies in each region and over time. Moreover, the gold
standard source of data on NMR is the vital registration
system. However, many LMICsincluding Burundi have ei-
ther no or incomplete vital registration system, and there-
fore population based surveys including DHS remain the
best data source of NMR. Although they tend to suffer
problems such as omission, heaping and misclassification
of deaths, DHSs continue to be the standard source of data
for measuring NMR and are likely to show the actual bur-
den of NMR than facility based studies since the substantial
amount of births and deaths in SSA occur outside of the
health facilities. Moreover, in 2010, in the case of place of
residence, PAF is missing if the estimate for the reference
subgroup or if the population share for at least one sub-
group is missing. This also affects the comparison with
2016 as the regions compared are not the same. Finally, the
change in NMR estimate in the country over time might re-
flect the improvement in the reporting of the neonatal
deaths between time periods. However, the DHS method-
ologies are essentially similar between the two rounds and
both surveys used the same methodology to estimate NMR.

Conclusion

This paper presents evidence on NMR disparity in Burundi
and found that enormous survival advantages remains in
neonates born into well-to-do families. Also, lower NMR
was found in neonates born to more educated mothers,
urban residents, and certain regions in the country. We also
showed that male neonates had higher chances of dying
than females, creating pro-female scenario of NMR in both
2010 and 2016. While residence and absolute education-
related NMR disparities had gone between 2010 and 2016
and absolute wealth-driven inequality and relative eco-
nomic inequality dramatically decreased, subnational region
and relative economic disparities persisted between 2010
and 2016. The government could consider revising current
interventions to develop strategies that target more affected
subgroups in order to eliminate the avoidable disparity.

Abbreviations

D: Difference; NMR: Neonatal Mortality rate; BDHS: Burundi Demographic and
health Survey; EA: Enumeration Area; HEAT: Health Equity Assessment Toolkit;
PAR: Population Attributable Risk; PAF: Population Attributable Fraction;



Yaya et al. Archives of Public Health (2020) 78:115

PPS: Probability Proportional to Size; R: Ratio; WHO: World Health
Organization; SDG: Sustainable Development Goal

Acknowledgments
We acknowledge the WHO for making the HEAT software available to the
public domain for free.

Authors’ contributions

SY and BZ contributed to the conception and design of the study,
interpreted the data, and prepared the first draft manuscript. GS contributed
to the design of the study, interpreted the data, and critically reviewed the
manuscript for its intellectual content. BOA, EKA and AS helped with data
interpretation and critically reviewed the manuscript for its intellectual
content. SY had the final responsibility to submit the manuscript for
publication. All authors read and revised drafts of the paper and approved
the final version.

Funding
No funding was received for this work.

Availability of data and materials

The datasets generated and/or analyzed during the current study are
available in the WHO's HEAT version 3.1 [https://www.who.int/gho/health_
equity/assessment_toolkit/en/].

Ethics approval and consent to participate
Ethics approval was not required since the data is available to the public
domain.

Consent for publication
Not applicable.

Competing interests
None.

Author details

'School of International Development and Global Studies, University of
Ottawa, Ottawa, Canada. “The George Institute for Global Health, Imperial
College London, London, UK. *Shewarobit Field Office, HaSET Maternal and
Child Health Research Program, Addis Ababa, Ethiopia. “School of Public
Health, Faculty of Health, University of Technology Sydney, Ultimo, NSW,
Australia. *Department of Population and Health, College of Humanities and
Legal Studies, University of Cape Coast, Cape Coast, Ghana. ®Department of
Reproductive, Family and Population Health, School of Public Health, Addis
Ababa University, Addis Ababa, Ethiopia.

Received: 24 April 2020 Accepted: 5 November 2020
Published online: 12 November 2020

References

1. UNICEF. Neonatal mortality. 2019. Available from: <https://data.unicef.org/
topic/child-survival/neonatal-mortality/>. [cited on July 23, 2020].

2. UN Inter-agency Group for Child Mortality Estimation. Levels & Trends in
Child Mortality 2017 Report. 2017. Available from: https://www.
everywomaneverychild.org/wpcontent/uploads/2017/10/Child_Mortality_
Report_2017_UNICEF-WHO.pdf>. [cited on July 23, 2020].

3. McKinnon B, Harper S, Kaufman JS, Bergevin Y. Socioeconomic inequality in
neonatal mortality in countries of low and middle income: a multicounty
analysis. Lancet Glob Health. 2014;2(3):e165-73.

4. Isa Al, Gani 10. Socio-demographic determinants of teenage pregnancy in
the Niger Delta of Nigeria. Open J Obstetr Gynecol. 2012;2(03):239.

5. WHO. Newborns: reducing mortality. Available from: <https://www.who.int/
news-room/fact-sheets/detail/newborns-reducing-mortality>. [Accessed on
22 Jul 2020].

6. Lohela TJ, Nesbitt RC, Pekkanen J, Gabrysch S. Comparing socioeconomic
inequalities between early neonatal mortality and facility delivery: cross-
sectional data from 72 low- and middle-income countries. Sci Rep. 2019;9:
9786 Available from: https.//www.nature.com/articles/s41598-019-45148-5.

7. UNICEF. BURUNDI DELIVERING HEALTH SERVICES UNDER FISCAL STRESS.
PUBLIC EXPENDITURE REVIEW; 2017. Available from: <https://www.unicef.
org/esaro/PER-of-Health-in-Burundi-(2017).pdf>. [cited on July 24, 2020]. .

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

Page 9 of 10

UNICEF. Young people and family planning: teenage pregnancy. New York:
UNICEF; 2008.

Ministére a la Présidence chargé de la Bonne Gouvernance et du Plan
Burundi - MPBGP, Ministére de la Santé Publique et de la Lutte contre le
Sida Burundi - MSPLS, Institut de Statistiques et d'Etudes Economiques du
Burundi - ISTEEBU, et ICF. Troisieme Enquéte Démographique et de Santé
au Burundi. Bujumbura, Burundi : ISTEEBU, MSPLS, and ICF ; 2017.

Moise IK. Causes of Morbidity and Mortality among Neonates and Children
in Post-Conflict Burundi: A Cross-Sectional Retrospective Study. Children.
2018,5(125). https://doi.org/10.3390/children5090125.

Marmot M, Friel S, Bell R, Houweling TAJ, Tailor S. Closing the gap in a
generation: health equity through action on the social determinants of
health. Lancet. 2008;372(9650):1661-9.

WHO. World Conference on Social Determinants of Health. Rio Political
Declaration on Social Determinants of Health. 2011. Available from: <
https://www.who.int/sdhconference/declaration/en/>. [Cited on July
24,2020].

Hosseinpoor AR, Bergen N, Schlotheuber A. Promoting health equity: WHO
health inequality monitoring at global and national levels. Global Health
Action. 2015;8(1):29034. https://doi.org/10.3402/gha.v8.29034.

WHO. STATE OF INEQUALITY Reproductive, maternal, newborn and child
health. 2015. Available from: https://www.who.int/docs/default-source/gho-
documents/health-equity/state-of-inequality/state-of-inequality-
reproductive-maternal-new-born-and-child-health.pdf?sfvrsn=f4034289_2.
Hosseinpoor AR, Bergen N, Koller T, Prasad A, Schlotheuber A, Valentine N,
et al. Equity-oriented monitoring in the context of universal health
coverage. PLOSE Med. 2014. https//doi.org/10.1371/journal.pmed.1001727.
United Nations Economic Commissions for Africa. Country Profile. Burundi. 2016.
World Bank. Addressing fragility and demographic challenges to reduce
poverty and boost sustainable growth of republic of Burundi. Systematic
country diagnostic. World Bank; 2015.

Institut de Statistiques et d'Ftudes Economiques du Burundi - ISTEEBU,
Ministere de la Santé Publique et de la Lutte contre le Sida -MSPLS/Burundi,
and ICF International. 2012. Enquéte Démographique et de Santé Burundi
2010. Bujumbura: ISTEEBU, MSPLS, and ICF International; 2012.

Rutstein S, Johnson K. DHS comparative reports no. 6: the DHS wealth
index. Calverton: ORC Macro; 2004.

Health Equity Assessment Toolkit (HEAT). Software for exploring and
comparing health inequalities in countries. Built-in database edition. Version
3.1. Geneva: World Health Organization; 2019.

World Health Organization. Handbook on health inequality monitoring with
a special focus on low and middle income countries. Geneva: World Health
Organization; 2013.

Sousa A, Hill K, Dal Poz MR. Sub-national assessment of inequality trends in
neonatal and child mortality in Brazil. Int J Equity Health. 2010,9:21. https//
doi.org/10.1186/1475-9276-9-21.

Kraft AD, Nguyen KH, Jimenez-Soto E, Hodge A. Stagnant neonatal mortality
and persistent health inequality in middleincome countries: a case study of
the Philippines. PLoS One. 2013;8(1):253696. https://doi.org/10.1371/journal.
pone.0053696.

Victora CG, Barros AJD. Socio-economic inequalities in neonatal mortality
are falling: but why? Lancet Glob Health. 2014;2(3):e122-3. https://doi.org/
10.1016/52214-109X(14)70024-5.

International Food Policy Research Institute (IFPRI). 2014. Global Hunger
Index: The Challenge of Hidden Hunger. <https://www.ifpri.org/
publication/2014-global-hunger-index>. [Accessed on 21 April 2020].
UNICEF. Delivering health services under fiscal stress. Burundi Public
Expenditure Review. UNICEF. 2017. .

REPUBLIC OF BURUNDI, MINISTRY OF PUBLIC HEALTH AND FIGHTING AIDS
NATIONAL HEALTH DEVELOPMENT PLAN 2011-2015. .

Hong R, Ahn PY, Wieringa F, RathavyT GL, Hong R, Laillou A, Geystelen JV,
Berger J, Poirot E. The unfinished health agenda: Neonatal mortality in
Cambodia. PLoS ONE. 2017;12(3):0173763. https://doi.org/10.1371/journal.
pone.0173763.

Jain AK. Determinants of regional variations in infant mortality in rural India.
J Demography. 2010;39(3):407-24.

Vikram K, Desai S, Vanneman R. Maternal Education and Child Mortality:
Exploring the Pathways of Influence 2010 Sep 2010. Available from: <
https://paa2011.princeton.edu/papers/111195>. [Cited on 20 May 2020].
United Nation (UN) Women. Facts and Figures: Economic Empowerment:
Benefits of economic empowerment. 2018. Available from: https://www.


https://www.who.int/gho/health_equity/assessment_toolkit/en/
https://www.who.int/gho/health_equity/assessment_toolkit/en/
https://data.unicef.org/topic/child-survival/neonatal-mortality/%3e
https://data.unicef.org/topic/child-survival/neonatal-mortality/%3e
https://www.everywomaneverychild.org/wpcontent/uploads/2017/10/Child_Mortality_Report_2017_UNICEF-WHO.pdf%3e
https://www.everywomaneverychild.org/wpcontent/uploads/2017/10/Child_Mortality_Report_2017_UNICEF-WHO.pdf%3e
https://www.everywomaneverychild.org/wpcontent/uploads/2017/10/Child_Mortality_Report_2017_UNICEF-WHO.pdf%3e
https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality%3e
https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality%3e
https://www.nature.com/articles/s41598-019-45148-5
https://www.unicef.org/esaro/PER-of-Health-in-Burundi-
https://www.unicef.org/esaro/PER-of-Health-in-Burundi-
https://doi.org/10.3390/children5090125
https://www.who.int/sdhconference/declaration/en/%3e
https://doi.org/10.3402/gha.v8.29034
https://www.who.int/docs/default-source/gho-documents/health-equity/state-of-inequality/state-of-inequality-reproductive-maternal-new-born-and-child-health.pdf?sfvrsn=f4034289_2
https://www.who.int/docs/default-source/gho-documents/health-equity/state-of-inequality/state-of-inequality-reproductive-maternal-new-born-and-child-health.pdf?sfvrsn=f4034289_2
https://www.who.int/docs/default-source/gho-documents/health-equity/state-of-inequality/state-of-inequality-reproductive-maternal-new-born-and-child-health.pdf?sfvrsn=f4034289_2
https://doi.org/10.1371/journal.pmed.1001727
https://doi.org/10.1186/1475-9276-9-21
https://doi.org/10.1186/1475-9276-9-21
https://doi.org/10.1371/journal.pone.0053696
https://doi.org/10.1371/journal.pone.0053696
https://doi.org/10.1016/S2214-109X(14)70024-5
https://doi.org/10.1016/S2214-109X(14)70024-5
https://www.ifpri.org/publication/2014-global-hunger-index
https://www.ifpri.org/publication/2014-global-hunger-index
https://doi.org/10.1371/journal.pone.0173763
https://doi.org/10.1371/journal.pone.0173763
https://paa2011.princeton.edu/papers/111195%3e
https://www.unwomen.org/en/what-we-do/economic-empowerment/facts-and-figures

Yaya et al. Archives of Public Health (2020) 78:115 Page 10 of 10

unwomen.org/en/what-we-do/economic-empowerment/facts-and-figures.
[Cited on 23 May 2020].

32. Aslam M, Kingdon G. Parental education and child health-understanding
the pathways of impact in Pakistan. World Development. 2012;40(10):2032.

33. George BT, Boerma TJ. Maternal education and child survival: A comparative
study of survey data from 17 countries. Social Science & Medicine <https://
ideas.repec.org/s/eee/socmed.html>, Elsevier. 1993; 36(9):1207-1227.

34, Chen E, Matthews KA, Boyce WT. Socioeconomic differences in Children's
health: how and why do these relationships change with age? Psychol Bull.
2002;128(2):295-329.

35. Zyaambo C, Siziya S, Fylkesnes K. Health status and socio-economic factors
associated with health facility utilization in rural and urban areas in Zambia.
BMC Health Serv Res. 2012;12:389. https://doi.org/10.1186/1472-6963-12-389.

36.  Smith LK, Budd JL, Field DJ, Draper ES. Socioeconomic inequalities in
outcome of pregnancy and neonatal mortality associated with congenital
anomalies: population based study. BMJ. 2011;343:d4306. https://doi.org/10.
1136/bmj.d4306.

37. Langois PH, Scheuerle A, Horel SA, Carozza SE. Urban versus rural residence
and occurrence of septal heart defects in Texas. Birth Defects Res A Clin
Mol Teratol. 2009;85(9):764-72.

38. Yang J, Carmichael SL, Canfield M, Song J. Shaw GM; National Birth Defects
Prevention Study. Socioeconomic status in relation to selected birth defects
in a large multicentered US case-control study. Am J Epidemiol. 2008;167(2):
145-54.

39. Kipping R, Campbell RM, MacArthur G, Gunnell D, Hickman M. Multiple risk
behaviour in adolescence. J Public Health. 2012;34(suppl_1):i1-2.

40.  Laski L. Realising the health and wellbeing of adolescents. BMJ. 2015;351:nh4119.

41, International labour office. Global evidence on inequities in rural health
protection. New data on rural deficits in health coverage for 174 countries.
ESS Document No. 472015. Available from: <https://www.social-protection.
org/gimi/gess/RessourcePDF action?ressource.ressourceld=51297>. [Cited on
27 Jul 2020.

42. Cunningham K, Martinez DA, Scott-Sheldon LA, Carey KB, Carey MP. Alcohol
use and sexual risk behaviors among adolescents with psychiatric disorders:
A systematic review and meta-analysis. J Child Adolescent Substance Abuse.
2017;26(5):353-66.

43, McCall C. East Timor striving for universal access to health care. Lancet.
2014;384(9953):1491-2.

44.  Ritchwood TD, Ford H, DeCoster J, Sutton M, Lochman JE. Risky sexual
behavior and substance use among adolescents: A meta-analysis. Children
Youth Serv Rev. 2015;52:74-88.

45, Adu-Gyamfi E. Assessing the effect of teenage pregnancy on achieving
universal basic education in Ghana: a case study of upper Denkyira West
District. J Educ Pract. 2014;5(17):46-60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.unwomen.org/en/what-we-do/economic-empowerment/facts-and-figures
https://ideas.repec.org/s/eee/socmed.html%3e
https://ideas.repec.org/s/eee/socmed.html%3e
https://doi.org/10.1186/1472-6963-12-389
https://doi.org/10.1136/bmj.d4306
https://doi.org/10.1136/bmj.d4306
https://www.social-protection.org/gimi/gess/RessourcePDF.action?ressource.ressourceId=51297%3e
https://www.social-protection.org/gimi/gess/RessourcePDF.action?ressource.ressourceId=51297%3e

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study setting
	Data source
	Selection of variables
	Measures
	Statistical analysis
	Ethical consideration

	Results
	Extent and time trends of socio-economic and area-based inequality
	Socioeconomic inequality
	Area based inequality
	Sex related inequality

	Discussion
	Strengths and limitations

	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

