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Abstract 

Background: The burden of under-5 deaths is disproportionately high among poor households relative to economi-
cally viable ones in developing countries. Despite this, the factors driving this inequality has not been well explored. 
This study decomposed the contributions of the factors associated with wealth inequalities in under-5 deaths in low- 
and middle-income countries (LMICs).

Methods: We analysed data of 856,987 children from 66,495 neighbourhoods across 59 LMICs spanning recent 
Demographic and Health Surveys (2010-2018). Under-5 mortality was described as deaths among live births within 
0 to 59 months of birth and it was treated as a dichotomous variable (dead or alive). The prevalence of under-five 
deaths was stratified using household wealth status. A Fairlie decomposition analysis was utilized to investigate the 
relative contribution of the factors associated with household wealth inequality in under-5 deaths at p<0.05. The WHO 
health equity assessment toolkit Plus was used to assess the differences (D) ratios (R), population attributable risk 
(PAR), and population attributable fraction (PAF) in household wealth inequalities across the countries.

Results: The proportion of children from poor households was 45%. The prevalence of under-5 deaths in all samples 
was 51 per 1000 children, with 60 per 1000 and 44 per 1000 among children from poor and non-poor households 
(p<0.001). The prevalence of under-5 deaths was higher among children from poor households than those from 
non-poor households in all countries except in Ethiopia, Tanzania, Zambia, Lesotho, Gambia and Sierra Leone, and in 
the Maldives. Thirty-four of the 59 countries showed significantly higher under-5 deaths in poor households than in 
non-poor households (pro-non-poor inequality) and no significant pro-poor inequality. Rural-urban contexts, mater-
nal education, neighborhood socioeconomic status, sex of the child, toilet kinds, birth weight and preceding birth 
intervals, and sources of drinking water are the most significant drivers of pro-poor inequities in under-5 deaths in 
these countries.

Conclusions: Individual-level and neighbourhood-level factors were associated with a high prevalence of under-5 
deaths among poor households in LMICs. Interventions in countries should focus on reducing the gap between the 
poor and the rich as well as improve the education and livelihood of disadvantaged people.
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Background
The reduction of under-five deaths (U5Ds) represents 
one of the focuses of global health efforts. As articulated 
in the Sustainable Development Goals (SDGs), countries 
aim at curtailing U5Ds to at least 25 per 1000 live births 
by the year 2030 [1]. In line with this goal, considerable 
progress has been made globally [1–3]. Estimates show 
that between 1990 and 2019, global U5Ds declined from 
93 deaths/1000 live births to 38 deaths/1000 live births, 
representing about 59 percent decrease during that 
period [4].

Despite this marked decline, there remains a high bur-
den of U5Ds in many countries of the world. According 
to the World Health Organization (WHO), about 5.2 
million U5Ds occurred in 2019 alone, with the major-
ity of these deaths occurring in low- and middle-income 
countries (LMICs) [4]. Specifically, the probability of a 
child dying before age five is 14 times higher in LMICs 
compared with developed countries, thus, suggesting an 
enormous gap in the prevalence of U5M [4]. This scenario 
reflects the conclusion made by Princhett and Summers 
that the economic prosperity of countries is oftentimes 
strongly related to their population health outcomes [5]. 
With a disproportionate burden of U5Ds in develop-
ing countries, there is more work to be done to further 
improve child health outcomes in those countries.

Moreover, evidence in the literature has shown that 
household wealth is a significant determinant of the 
risk of U5Ds. A study conducted to estimate the U5Ds 
by household economic status in LMICs revealed that 
the probability of U5D in the poorest households is 
twice that of richer ones [6]. Another study investigated 
the determinants of U5Ds and revealed that factors 
like household asset index, maternal literacy level and 
region had a significant impact on the rate of child mor-
tality [7]. Similarly, van Malderen et al. [8] evaluated the 
socio-economic factors associated with U5Ds in sub-
Saharan African countries and found that household 
economic status, place of residence and the educational 
level of mother contributed significantly to the bur-
den of U5Ds [8]. The authors noted that the economic 
background of households was the major contribu-
tor to child mortality in some countries. A systematic 
review of the relationship between income and U5Ds 
in developing countries reported that after controlling 
for important covariates, every 10 percent increase in 
income triggered about 2.8 percent reduction in U5Ds 
[9]. In general, many other studies have systematically 

highlighted the impact of the inequality related to fam-
ily economic status on the odds of mortality in the first 
1-5 years of children in LMICs [8, 10–13].

Findings in the reviewed studies suggest that there 
is a consensus regarding the importance of household 
economic background in determining child health out-
comes. Similarly, the factors associated with inequality in 
U5Ds have been identified and reported in earlier stud-
ies [6–8]. However, the relative contribution of these fac-
tors remains unclear in the existing literature, especially 
in developing countries where the burden of U5Ds is the 
highest [14]. Therefore, this study aims to decompose 
factors explaining household wealth inequality in U5Ds 
in LMICs. This will provide a better understanding that 
will inform the development of necessary interventions 
targeted at economically less viable households to reduce 
child deaths in LMICs. Unlike earlier studies, this study 
utilized a robust decomposition technique to isolate the 
relative contributions of different individual-level and 
neighbourhood-level factors in connection with house-
hold wealth inequality in under-5 deaths in LMICs.

Materials and methods
Study design and data
The routinely collected Demographic and Health Surveys 
(DHS) data was used for this analysis. Every five years, 
the DHS is conducted in each of the participating LMICs. 
The ICF Macro, the USA in conjunction with the desig-
nated organizations such as Statistics boards, Universi-
ties, Ministry of Health, etc. in the participating countries 
collect the data. The surveys nationally representative, 
population-based and cross-sectional. We merged the 
DHS conducted between 2010 and 2018 and was released 
on September 10th, 2020. This study comprised a total of 
59 LMICs that matched the inclusion criteria. Data from 
856,987 U5M from 66,495 neighborhoods in 59 LMICs 
was used in the analysis.

Sampling strategies
In each of the countries where the surveys were con-
ducted, similar clustered multi-stage sampling method-
ologies were utilised. The sampling frames were mostly 
based on each country’s most recent census figures. The 
number of levels and their stratification are determined 
by each country’s current geographical and administra-
tive structures. In some of these countries, the multi-
stage sampling used regions/states/divisions as the first 
stage, districts as the second level, and clusters as the 
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final stage. Clusters are defined in the same way in all 
countries and are also referred to as primary sample units 
(PSU) [15, 16]. At the last stage, the households were 
selected from the PSUs.

As a result of uneven population sizes among states/
regions/districts within a country, DHS generated and 
provided sampling weights with the data for each coun-
try. The sampling weights were calculated using a multi-
stage sampling technique to ensure that the estimates 
from the samples were representative of the general pop-
ulation. Each country employed a similar set of stand-
ardized questionnaires, research protocols, interviewer 
training procedures, supervision, and execution. The 
entire specifics of the sample procedures, as well as other 
data has been reported elsewhere [17].

Dependent variable
The dependent variable is U5D, which is defined as 
deaths in the first five years of life among live births [18–
20]. It is defined as death occurring between the ages of 
0 and 59 months after birth [21]. To ensure the study’s 
accuracy, correctness, and completeness, women were 
questioned if they had given birth to a child within the 
previous five years. Those who said yes were then asked 
to recall the dates of their children’s births, followed by 
a question about whether each of those children was liv-
ing or deceased at the time of the interview. U5D was cal-
culated using the dates of death or ages at death of the 
deceased children. As a result, U5D was a binary variable: 
Dead or Alive before 5th birthday.

Household wealth status
The burden of U5Ds was stratified using household 
wealth status. The DHS survey did not capture partici-
pants’ expenditures and incomes but captured an array 
of assets owned by participants’ households. These assets 
were used to compute household wealth status within 
each country by the DHS and released with the data. The 
quintiles of household wealth were determined using a 
composite score of assets possessed by households [22]. 
Detailed report that can be found at dhsprogram.com 
has further information on the techniques and country-
specific assets used to calculate the wealth quintiles in 
each of the countries. The DHS recommended that the 
household wealth status derived from asset ownership be 
used as a proxy for participants’ wealth, which may sub-
sequently be interpreted as a measure of their economic 
or poverty status. The calculated household wealth scores 
were divided into 20 percent household wealth quintiles. 
In this study, we re-categorized household wealth quin-
tile into two categories: the first two 20% as poor and 
the upper three 20% as non-poor. This was to enable 
the comparison of U5Ds among children from poor and 

non-poor households. A similar categorization has been 
used in the literature [23–26].

Control variables
Individual-level and neighborhood-level factors were 
employed as independent variables in the study. These 
factors have been linked to poverty and childhood mor-
tality in the literature. [6, 8–10, 27].

Individual‑level factors Children’s characteristics, 
mothers’ profiles, and household variables are  the indi-
vidual-level factors. Weight at birth (very small/small/
average), sex (female/male), birth order (1/2/3/4+), birth 
interval (firstborn/36 months/>=36 months), and if a 
child is a twin (single/multiple (2+) are all factors con-
sidered. Educational level of mother, age of mother, mari-
tal status, maternal and paternal employment status, and 
health insurance status, are among the characteristics of 
mothers.

The characteristics of households include household’s 
head gender (female/male), access to the media (cap-
tured using ownership or access to television, newspaper 
or radio, at least of these), drinking water sources (either 
improved/unimproved), toilet type (either improved/
unimproved), cooking fuel (clean fuel/biomass), and 
housing materials (either improved/unimproved) [28–
30], and, locations where mothers live (rural or urban). 
The categorizations of drinking water sources, housing 
materials, toilet type and cooking fuel as improved or not 
have been reported in previous studies [18–20, 28–35].

Neighbourhood‑level factors The “neighbourhood” 
is the clustering of children as used in the sampling 
frames for the surveys. The DHS referred to “cluster” as 
a common geographical area that contains people that 
share similar contextual factors [15, 16, 18]. Children in 
the same cluster were referred to as "neighbours." As a 
community-level variable, we looked at neighbourhood 
socioeconomic status (SES). It was a composite variable 
made up of community education, access to the media, 
and unemployment rates calculated using the principal 
component factor approach.

Statistical analyses
In this study, descriptive and inferential statistics were 
used. The country, regions, U5Ds, and other significant 
features of the children by U5D was depicted using basic 
descriptive statistics such as maps, graphs, tables, and 
proportions. Table 1 shows the results of tests of equal-
ity in proportions of U5Ds among children from poor 
and non-poor homes in each country and region. The 
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Table 1 Distribution of sample characteristics by countries, regions and prevalence of under-five deaths by household wealth 
inequality in LMIC, 2010–2018

Country Sample Year Number of 
Communities

Poverty rate U5Ds per 1000 livebirths

Overall Poor U5D Non-poor U5D

Overall 856,987 66495 45.1 51 *60 44

Eastern Africa 109,945 6298 45.2 52 *55 50

  Burundi 13,192 2011 554 44.0 59 *72 48

  Comoros 3,149 2012 252 45.9 42 46 39

  Ethiopia 10,641 2016 643 46.8 55 53 57

  Kenya 20,964 2014 1593 44.2 44 44 44

  Malawi 17,286 2016 850 47.2 49 *52 45

  Mozambique 11,102 2011 610 45.0 74 79 71

  Rwanda 7,856 2014 492 45.9 39 *46 32

  Tanzania 10,233 2015 608 45.4 53 50 55

  Uganda 15,522 2016 696 43.5 51 54 49

Middle Africa 76,790 2932 44.3 70 *77 65

  Angola 14,322 2016 625 45.9 51 *65 40

  Cameroon 9,733 2018 429 45.2 62 *71 53

  Chad 18,623 2015 624 42.3 98 *104 93

  Congo 9,329 2012 384 46.4 51 53 50

  Congo DR 18,716 2014 536 44.1 75 *79 71

  Gabon 6,067 2012 334 43.9 53 55 52

Northern Africa 15,848 876 37.6 24 *29 21

  Egypt 15,848 2014 876 37.6 24 *29 21

Southern Africa 27,823 2549 44.7 51 53 49

  Lesotho 3,138 2014 397 41.4 69 64 73

  Namibia 5,046 2013 537 43.7 45 49 41

  South Africa 3,548 2016 671 46.2 36 *52 22

  Zambia 9,959 2018 545 47.1 49 45 52

  Zimbabwe 6,132 2015 399 42.5 57 62 52

Western Africa 147,996 6099 43.7 81 *94 70

  Benin 13,589 2018 555 42.0 70 *81 62

  Burkina Faso 15,044 2010 573 42.6 89 *108 76

  Cote d’Ivoire 7,776 2013 351 47.2 84 88 80

  Gambia 8,088 2013 281 42.2 41 38 43

  Ghana 5,884 2014 427 43.2 46 51 43

  Guinea 7,951 2018 401 45.9 87 *108 68

  Liberia 7,606 2013 322 46.6 70 70 70

  Mali 9,940 2018 345 42.5 72 *91 58

  Niger 12,558 2012 476 40.2 81 85 78

  Nigeria 33,924 2018 1389 44.9 97 *125 74

  Senegal 6,719 2018 214 45.4 40 44 37

  Sierra Leone 11,938 2013 435 44.9 113 109 118

  Togo 6,979 2013 330 41.7 63 *75 54

Central Asia 10,558 682 39.2 28 *36 23

  Kyrgyz Rep 4,363 2012 316 39.0 26 30 24

  Tajikistan 6,195 2017 366 39.3 29 *40 22

  South-Eastern Asia 17,716 1851 47.8 26 *33 19

  Cambodia 7,165 2014 609 44.4 29 *41 19

  Philippines 10,551 2017 1242 50.3 24 *29 19

Southern Asia 338,925 33064 45.8 44 *56 34
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distribution of the background characteristics of the chil-
dren by the prevalence of U5Ds among children from 
poor and non-poor households was reported in Table 2. 
The spatial distribution of under-five deaths per 1000 live 
births among children in poor and non-poor households 
are shown in Fig.  1(a) and (b) respectively. The maps 
were built in Microsoft Projects 2020. Also, to further 
examine household wealth inequality in U5Ds, absolute 
and relative measures of inequality recommended in the 
WHO Health Equity Assessment Toolkit Plus (HEAT 
Plus) were utilised [36]. These measures include Differ-
ence (D), Ratio (R), Population Attributable Fraction 
(PAF) and Population Attributable Risk (PAR). The R and 
D show the relative ratio and absolute difference between 
two categories within a dimension of inequality (highest 
and lowest wealth quintile). For D, a positive value indi-
cates that there is pro-non-poor U5Ds and vice versa. 
The R statistic shows the relative inequality between poor 

and non-poor households. For an adverse indicator as 
U5Ds, R values equal to 1 indicate that there exists no 
inequality and values greater than one represent a pro-
non-poor U5Ds. The higher this value is, the larger the 
gap between the poor and non-poor. The PAR is the dif-
ference between the most-advantaged subgroup (lowest 
wealth quintile) and the national average, while PAF is 
computed by ascertaining the ratio of the national aver-
age (μ) and the PAR, multiplied by 100, i.e. PAF = [PAR 
/ μ] * 100. Unlike the R measure of inequality, the PAR 
and PAF take only negative values for adverse outcomes 
with higher values reflecting a wider gap between popu-
lation subgroups. Comprehensive details regarding the 
computation of these measures have been reported [25]. 
The R, D. PAF and PAR estimate from household wealth 
inequality in U5Ds across LMIC using the WHO HEAT 
Plus are reported in Table 3. The graphical illustrations of 
the estimates are provided in Fig. 3.

* significant at 5% test of equality of proportion

Table 1 (continued)

Country Sample Year Number of 
Communities

Poverty rate U5Ds per 1000 livebirths

Overall Poor U5D Non-poor U5D

  Afghanistan 32,712 2015 956 39.7 47 *52 44

  Bangladesh 7,886 2014 600 41.9 41 *50 34

  India 259,627 2016 28332 47.3 44 *57 32

  Indonesia 17,848 2017 1967 40.8 27 *32 24

  Maldives 3,106 2016 265 41.9 18 *15 20

  Nepal 5,038 2016 383 42.6 34 40 30

  Pakistan 12,708 2018 561 42.7 66 *82 54

  Western Asia 28,475 2050 46.2 33 *37 29

  Armenia 1,724 2016 306 39.6 05 *10 02

  Jordan 10,658 2017 964 50.7 17 18 17

  Yemen 16,093 2013 780 44.2 45 *52 39

  Central America 23,328 1996 47.3 28 *35 22

  Guatemala 12,440 2014 856 49.2 31 *41 21

  Honduras 10,888 2011 1140 45.0 25 26 23

South America 21,379 4788 49.5 16 *21 12

  Colombia 11,759 2015 3386 51.3 15 *21 09

  Peru 9,620 2012 1402 47.3 17 20 15

Southern Europe 6,410 688 44.2 10 *14 06

  Albania 2,762 2018 652 44.1 04 *07 02

  Turkey 3,648 2013 36 44.2 14 *20 09

  Caribbean 22,280 1863 45.6 47 *54 40

  Dominican Rep 3,714 2013 518 47.0 29 30 28

  Haiti 6,530 2016 450 45.8 69 *76 63

  Myanmar 4,815 2015 440 52.3 44 *56 31

  Timor Leste 7,221 2016 455 40.8 37 *45 32

Oceania 9,514 759 42.0 40 *49 33

  Papua NG 9,514 2016 759 42.0 40 *49 33

Total 856,987 66495 45.1 51 *60 44



Page 6 of 21Fagbamigbe et al. BMC Public Health          (2022) 22:769 

Table 2 Summary of pooled background characteristics of the studied children and prevalence of under-five deaths by household 
wealth inequality in LMIC, 2010–2018.

Characteristics sample % Poverty rate U5Ds per 1000 livebirths

Overall poor Non-poor

Maternal current age

  15-24 254,644 29.7 46.8 53 61 46

  25-34 442,799 51.7 43 47 56 40

  35-49 159,544 18.6 48.2 61 69 53

Maternal highest educational

  No education 292,866 34.2 62.9 69 72 65

  Primary 218,432 25.5 52.2 54 56 53

  Secondary+ 345,689 40.3 26.3 35 42 32

Media access

  No 340,783 40.5 67 66 67 62

  Yes 500,111 59.5 31 43 52 39

Maternal employment

  Employed 324,757 53.3 44.8 61 69 54

  Unemployed 284,531 46.7 43.1 45 50 41

Paternal employment

  Employed 541,347 95.8 43.8 55 64 48

  Unemployed 23,796 4.2 51.6 48 51 46

Marital status

  Never married 27,341 3.2 37.2 52 52 ++52

  Currently married 791,531 92.4 45.2 51 60 43

  Formerly 38,110 4.4 47.3 63 64 62

Sex of household head

  Male 718,578 83.8 44.9 52 61 44

  Female 138,409 16.2 46.2 51 56 46

Covered by health insurance

  No 671,764 87.4 46.1 55 64 48

  Yes 96,784 12.6 37.8 33 41 28

Child is twin

  Single birth 834,700 97.4 45.1 47 56 41

  Multiple 22,287 2.6 44.2 198 228 175

Sex of child

  Female 417,314 48.7 45.4 48 56 41

  Male 439,673 51.3 44.8 55 64 47

Weight at birth

  Average+ 671,296 84.0 43.9 45 54 37

  Small 92,369 11.6 48.3 67 72 61

  Very small 35,374 4.4 49.9 116 114 118

Birth order

  1 243,300 28.4 38.0 48 62 40

  2 205,906 24.0 40.5 41 48 35

  3 138,761 16.2 46.7 46 52 41

  4+ 269,020 31.4 54.8 66 7 61

Birth interval

  1st Birth 243,305 28.5 38 48 62 40

  <36 months 333,066 39.0 51.5 64 72 55

  36+ months 278,326 32.6 44.0 38 41 36
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We obtained the risk difference (RD) between the 
risk of U5Ds among children from poor and non-poor 
households for each country and showed the meta-anal-
ysis of these RDs in Fig. 2. We calculated the risk differ-
ence in U5D between poor and non-poor households 
and displayed the results in Fig.  2 as a country-level 
meta-analysis of U5D prevalence in each of the coun-
tries. A random-effects meta-analysis was used based 
on the assumption that each trial calculates a study-
specific actual effect. Using the "metabin" tool in R, the 
meta-analysis was carried out by identifying the sum-
mary measure (SM) as risk difference (RD), the number 
of fatalities in poor and non-poor households, and the 
total number of participants for each country, stratified 
by regions [18]. Scatter and ordered balloon charts were 
used to show the distributions of the RDs viz-a-viz the 
prevalence of U5Ds in each country in Figs. 3 and 4. We 
defined pro-poor inequality as situations in which the RD 
in U5D is significantly lower among children from poor 
households than those from non-poor households and 
pro-non-poor inequality as situations in which the RD in 
U5D is significantly higher among children children from 
poor poor households than those from non-poor house-
holds [18, 19]. The countries formed 3 groups based on 

the RDs: countries with pro-poor, insignificant and pro-
non-poor inequalities. The “pro-non-poor inequality” 
and “pro-poor inequality” countries are countries with 
higher U5D in poor households than in non-poor house-
holds and vice versa. Lastly, we fitted adjusted binary 
logistic regression to the risk of U5Ds among all the pro-
poor countries and applied a Fairlie decomposition anal-
ysis (FDA) to the inequality in the U5Ds among children 
from poor and non-poor households and the results were 
presented in Fig. 5.

We applied sampling weights to all the analyses to con-
trol for different cluster sizes and stratifications, as well as 
to guarantee that our results accurately reflect the target 
population The "colin" tool in Stata version 16 was used to 
test for multicollinearity among the independent variables. 
The variable inflation factor was specified by the com-
mand (VIF). The VIF is around 1/(1-R2) and ranges from 
1 to Regressing the jth independent variable on other inde-
pendent variables yields the R2-value. All variables with a 
VIF greater than 2.5 were eliminated from the regression 
[37]. In several countries, insurance coverage, the employ-
ment status of father, access to media, cooking fuel type, 
and housing material were not reported and were excluded 
from the decomposition analysis. Prior to performing the 

++insignificant at 5% test of equality of proportion

Table 2 (continued)

Characteristics sample % Poverty rate U5Ds per 1000 livebirths

Overall poor Non-poor

Drinking water

  Unimproved sources 188,610 22.7 66.3 67 70 60

  Improved source 641,485 77.3 39.7 47 56 42

Toilet type

  Unimproved sources 416,964 50.3 66.5 63 65 59

  Improved source 412,803 49.7 24.5 40 48 38

Cooking fuel

  Unclean/biomass 620,900 76.6 56.5 60 64 56

  Clean fuel 189,870 23.4 13.7 30 29 30

Covered by health insurance

  No 261,118 30.5 15.5 40 46 39

  Yes 595,869 69.5 59.2 57 62 49

Housing material

  Unimproved material 500,644 62.7 63.3 61 64 55

  Improved material 298,152 37.3 19.5 41 49 39

Community SES Disadvantage

  Least 171,506 20.0 19.5 33 41 31

  2 171,291 20.0 23.9 46 49 45

  3 171,783 20.0 50.7 56 59 53

  4 171,392 20.0 58.7 62 67 54

  Highest 171,015 20.0 75.6 62 65 53

Total 856,987 100.0 45.1 51 60 *44
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Table 3 Household wealth inequality in U5Ds in LMIC, 2010–2018 using WHO HEAT Plus

Country iso3 Year D (95% CI) R (95% CI) PAR (95% CI) PAF (95% CI)

Afghanistan AFG 2015 2.4(1.6-3.2) 1.8(1.5-2.2) -37.1(-47--27.2) -37.1(-47--27.2)

Albania ALB 2018 1.3(0.6-2) 0(0-0) -100(0-0) -100(0-0)

Angola AGO 2016 3.7(2.6-4.8) 2.6(1.8-3.8) -57.4(-72.9--42) -57.4(-72.9--42)

Armenia ARM 2016 0.6(-0.2-1.4) 0(0-0) -100(0-0) -100(0-0)

Bangladesh BGD 2014 1.7(0.4-3) 1.6(1.1-2.3) -31(-50.2--11.8) -31(-50.2--11.8)

Benin BEN 2018 2.5(1.3-3.7) 1.5(1.2-1.9) -34.2(-45.3--23.1) -34.2(-45.3--23.1)

Burkina Faso BFA 2010 5.4(4-6.8) 2(1.6-2.4) -39.1(-48.8--29.3) -39.1(-48.8--29.3)

Burundi BDI 2011 4.7(3.4-6) 2.2(1.7-2.7) -30.4(-42.3--18.5) -30.4(-42.3--18.5)

Cambodia KHM 2014 3.9(2.8-5) 5.9(3.3-10.3) -71.3(-86.4--56.2) -71.3(-86.4--56.2)

Cameroon CMR 2018 3(1.4-4.6) 1.7(1.3-2.3) -31.4(-47.8--15.1) -31.4(-47.8--15.1)

Chad TCD 2015 0.1(-1.3-1.5) 1(0.9-1.2) 0(-9.7-9.7) 0(-9.7-9.7)

Colombia COL 2015 1.5(0.8-2.2) 3.5(1.3-9.8) -64(-106.2--21.9) -64(-106.2--21.9)

Comoros COM 2012 -0.4(-2.8-2) 0.9(0.6-1.5) 0(-42-42) 0(-42-42)

Congo COG 2012 0.9(-0.7-2.5) 1.2(0.8-1.9) -27.4(-55.7-0.9) -27.4(-55.7-0.9)

Congo DR COD 2014 2.1(0.9-3.3) 1.4(1.1-1.7) -26(-37.6--14.3) -26(-37.6--14.3)

Cote d’Ivoire CIV 2013 1.1(-1.1-3.3) 1.1(0.9-1.5) -1.1(-21.3-19) -1.1(-21.3-19)

Dominican Rep DOM 2013 0.8(-0.8-2.4) 1.4(0.7-3) -35.7(-79.6-8.2) -35.7(-79.6-8.2)

Egypt EGY 2014 1.7(1-2.4) 2.2(1.6-3.1) -40.1(-56.1--24) -40.1(-56.1--24)

Ethiopia ETH 2016 0.5(-0.6-1.6) 1.1(0.9-1.4) -12(-27.5-3.5) -12(-27.5-3.5)

Gabon GAB 2012 0.7(-1.3-2.7) 1.2(0.7-1.8) -15.5(-50.5-19.4) -15.5(-50.5-19.4)

Gambia GMB 2013 1.6(0.3-2.9) 1.6(1.1-2.5) -35.6(-58.7--12.5) -35.6(-58.7--12.5)

Ghana GHA 2014 1.1(-0.7-2.9) 1.3(0.8-1.9) -13.3(-42.6-16.1) -13.3(-42.6-16.1)

Guatemala GTM 2014 3.1(2.2-4) 3.1(2-4.7) -52.1(-71.2--32.9) -52.1(-71.2--32.9)

Guinea GIN 2018 6.9(5.2-8.6) 2.9(2.1-4) -57.6(-69.9--45.2) -57.6(-69.9--45.2)

Haiti HTI 2016 2.9(1-4.8) 1.6(1.1-2.3) -2.2(-3.7--0.7) -31.6(-53.0--10.2)

Honduras HND 2011 1.3(0.3-2.3) 1.7(1.1-2.6) -25.4(-55.6-4.8) -25.4(-55.6-4.8)

India IND 2016 4.2(4-4.4) 3(2.8-3.2) -53.4(-56.6--50.1) -53.4(-56.6--50.1)

Indonesia IDN 2017 1.6(0.9-2.3) 1.7(1.3-2.3) -21.6(-39.2--4.1) -21.6(-39.2--4.1)

Jordan JOR 2017 0.4(-0.7-1.5) 1.3(0.6-2.6) -14.7(-42-12.5) -14.7(-42-12.5)

Kenya KEN 2014 0.3(-0.6-1.2) 1.1(0.9-1.3) -9.3(-24.8-6.1) -9.3(-24.8-6.1)

Kyrgyz Rep KGZ 2012 1.5(-0.1-3.1) 1.7(0.9-3.2) -23.1(-64.4-18.1) -23.1(-64.4-18.1)

Lesotho LSO 2014 1.1(-1.5-3.7) 1.2(0.8-1.9) -24.9(-52.2-2.4) -24.9(-52.2-2.4)

Liberia LBR 2013 2.2(0-4.4) 1.5(0.9-2.3) -31.9(-60.2--3.5) -31.9(-60.2--3.5)

Malawi MWI 2016 0.4(-0.6-1.4) 1.1(0.9-1.3) -3.1(-17.2-11) -3.1(-17.2-11)

Maldives MDV 2016 -0.5(-2.9-1.9) 0.7(0.2-2.7) 0(-154.7-154.7) 0(-154.7-154.7)

Mali MLI 2018 5.9(4.3-7.5) 2.5(1.9-3.3) -44.9(-57.3--32.5) -44.9(-57.3--32.5)

Mozambique MOZ 2011 1.6(0-3.2) 1.2(1-1.5) -4.4(-16.9-8.1) -4.4(-16.9-8.1)

Myanmar MMR 2015 2.7(1-4.4) 2.1(1.2-3.6) -43.6(-72.2--15.1) -43.6(-72.2--15.1)

Namibia NAM 2013 2.6(0.7-4.5) 1.9(1.1-3.1) -33.3(-61.6--4.9) -33.3(-61.6--4.9)

Nepal NPL 2016 1.7(0.2-3.2) 1.8(1-3.3) -39.5(-72.2--6.7) -39.5(-72.2--6.7)

Niger NER 2012 1.7(0.4-3) 1.3(1.1-1.6) -27.3(-36.6--18) -27.3(-36.6--18)

Nigeria NGA 2018 7.4(6.4-8.4) 2.5(2.1-2.8) -48.1(-54.2--42) -48.1(-54.2--42)

Pakistan PAK 2018 3.6(2.2-5) 1.8(1.4-2.2) -28.4(-41.1--15.8) -28.4(-41.1--15.8)

Papua NG PNG 2016 3.2(1.9-4.5) 2.2(1.6-3) -29.4(-45.9--13) -29.4(-45.9--13)

Peru PER 2012 0.6(-0.4-1.6) 1.4(0.8-2.7) -21.3(-67.1-24.4) -21.3(-67.1-24.4)

Philippines PHL 2017 0.9(-0.1-1.9) 1.5(0.9-2.4) -23.9(-57.8-10) -23.9(-57.8-10)

Rwanda RWA 2014 3(1.7-4.3) 2.3(1.6-3.4) -40.1(-59--21.2) -40.1(-59--21.2)

Senegal SEN 2018 2.6(1-4.2) 2.1(1.2-3.9) -45.8(-77.7--13.8) -45.8(-77.7--13.8)

Sierra Leone SLE 2013 -1.4(-3.3-0.5) 0.9(0.8-1) 0(-12.4-12.4) 0(-12.4-12.4)
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decomposition analysis, we conducted a test of hetero-
geneity of U5D chances across all nations to confirm the 
presence of heterogeneity. We computed and presented 
the I-squared and the Mantel-Haenszel (MH) pooled esti-
mate of the odds ratio (OR). We selected the pro-non-poor 
countries, conducted a homogeneity test among them, and 
provided the I-squared and MH pooled odds ratio (OR) 
estimates.

Decomposition analysis
Several studies on the understanding of factors associ-
ated with inequalities in a wide range of health outcomes 
have adopted the technique of multivariable decomposi-
tion analysis [24, 26, 38–40]. Multivariable decomposition 
analysis is ideal for the quantifications of the contribu-
tions of different factors to gaps in an outcome of interest 
between two groups [41]. It constrains the predicted prob-
ability of U5Ds to between 0 and 1. The difference between 
the predicted probability for one group (say, Group A – 
poor) using the regression coefficients of the other group 
(say, Group B – non-poor) and the expected probability 
for the non-poor group using its regression coefficients is 
measured in the decomposition analysis [42].

According to Fairlie et al., the decomposition of a non-
linear model Y=F(X) can be written as:

Where NA  is the sample size for group J  . Other model 
details have been reported [18, 19, 31, 33, 43]. The 
independent contribution of X1 and X2 to the gap are 
expressed as follows:

(1)

and

respectively. Further numerical details have been 
documented in the literature [42, 44–47]. In this study, 
the FDA was implemented in STATA version 16 (Stata-
Corp, College Station, Texas, United States of America) 
using the “Fairlie” command. However, Fairlie’s sequen-
tial decomposition has issues with path dependence [42, 
44–47], whereby different ordering of variables in the 
decomposition analysis produces different results. To 
address this, we checked the robustness of the sensitiv-
ity analysis of variable re-ordering randomization. First, 
we conducted and assessed the performance of 10 differ-
ent ordering of the variables and tested the sensitivity of 
decomposition estimates. Secondly, we invoked the “ran-
dom” option with the “Fairlie” Stata command used in 
conducting the Fairlie decomposition. In this study, the 
FDA was implemented in STATA version 16 (StataCorp, 
College Station, Texas, United States of America).

Results
The overall proportion of children from poor households 
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Table 3 (continued)

Country iso3 Year D (95% CI) R (95% CI) PAR (95% CI) PAF (95% CI)

South Africa ZAF 2016 4.3(2.4-6.2) 4.9(1.8-13.6) -70.4(-103.5--37.2) -70.4(-103.5--37.2)

Tajikistan TJK 2017 2.1(0.7-3.5) 2(1.3-3) -22.7(-45.9-0.5) -22.7(-45.9-0.5)

Tanzania TZA 2015 -1.5(-2.9--0.1) 0.7(0.6-1) 0(-19.3-19.3) 0(-19.3-19.3)

Timor Leste TLS 2016 2.6(1.1-4.1) 2(1.3-2.9) -27.5(-50.4--4.5) -27.5(-50.4--4.5)

Togo TGO 2013 4.1(2.5-5.7) 2.2(1.5-3.2) -47.7(-64.2--31.2) -47.7(-64.2--31.2)

Turkey TUR 2013 0.2(-1.1-1.5) 1.1(0.5-2.8) -5(-77.5-67.5) -5(-77.5-67.5)

Uganda UGA 2016 1.7(0.7-2.7) 1.4(1.1-1.8) -24.6(-38.7--10.4) -24.6(-38.7--10.4)

Yemen YEM 2013 0.8(-0.2-1.8) 1.2(0.9-1.6) -22(-37.6--6.4) -22(-37.6--6.4)

Zambia ZMB 2018 0.1(-1.3-1.5) 1(0.8-1.4) 0(-22.8-22.8) 0(-22.8-22.8)

Zimbabwe ZWE 2015 3.3(1.6-5) 2(1.4-2.9) -41.8(-58.6--24.9) -41.8(-58.6--24.9)
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There were significantly different rates of U5Ds across 
countries at p<0.001, with 60 per 1000 and 44 per 1000 
among children from poor and non-poor households 
respectively (Table 1 and Fig. 2). The prevalence of U5Ds 

among children from poor households ranged from 7 per 
1000 live births in Albania to 125 in Nigeria while it ranged 
from 2 in Albania to 118 in Sierra Leone among children 
from non-poor households.

Fig. 1 Spatial distribution of under-five deaths among children in poor and non-poor households in the LMIC studied (Source: Authors Drawings)
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Fig. 2 Forest plot of the risk difference in the prevalence of under-five deaths by household wealth inequality in LMIC (Source: Authors Drawings)
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The spatial distribution of under-five deaths per 1000 
livebirths among children in poor and non-poor house-
holds are shown in Figs. 1(a) and 1(b) respectively.

Table 2 shows that the prevalence of U5Ds among chil-
dren from poor and non-poor households was signifi-
cantly different across all categories of all the explanatory 

variables considered in this study except among children of 
never-married mothers. The widest gaps in the prevalence 
of U5Ds in poor and non-poor households were among 
children from multiple births and those with very small 
birth weights.

Fig. 3 The differences (D) ratios (R), population attributable risk (PAR), and population attributable fraction (PAF) in household wealth inequalities 
across the LMIC using the WHO HEAT Plus (Abbreviations of the country names are provided in Table 3)
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Magnitude and differences in poor-non-poor inequality 
in U5Ds
The RDs, a measure of inequality in the risk of U5Ds 
among children from poor and non-poor homes across 
the 59 nations, are shown in Fig. 2. In all countries except 
Ethiopia, Tanzania, Zambia, Lesotho, Gambia, and 
Sierra Leone, and the Maldives, the prevalence of U5Ds 
was higher among children from poor households than 
among children from non-poor households. The RDs 
were considerably greater in 32 countries among children 
from poor families, but not in any country among chil-
dren from non-poor households. The distribution of the 
fixed effects of poor-non-poor RD showed the widest gap 
in Nigeria (50.4 per 1000 children) followed by Guinea 
(39.9 per 1000 children). The random-effects irrespective 
of the child’s country of residence was 11.4/1000 (95% 
confidence interval (CI): 8.2 – 14.5). This indicates that 
there is significant pro-non-poor inequality in U5Ds in 
LMICs. India (2.0%) contributed the most weight to the 
random effect, with 1.9% contributions each in Kenya, 
Egypt, Afghanistan, Indonesia, Jordan, Colombia, Peru, 
and Albania while the least weight contribution to the 

random effect was in Lesotho. The heterogeneity level 
among the RDs was 91.8% (p<0.01).

The WHO HEAT Plus of R, D, PAR and PAF in household 
inequalities
Household inequality in U5Ds in 59 countries using the 
measures recommended in the WHO HEAT Plus showed 
that there exist wide gaps in U5Ds among poor and rich 
households. The D values indicate that there was a pro-
non-poor inequality in U5Ds in the majority of the coun-
tries, with the highest gap observed in Nigeria (D=7.4, 
CI: 6.4-8.4), Guinea (D=6.9, CI: 5.2-8.6), Mali (D=5.9, 
CI: 4.3-7.5) and South Africa (D=4.3, CI:2.4-6.2). There 
was a pro-poor inequality in U5Ds in only four countries, 
Comoros (D=-0.4, CI: -2.8-2), Maldives (D=-0.5, CI: 
-2.9-1.9), Sierra Leone (D=-1.4, CI: -3.3-0.5) and Tanza-
nia (D=-1.5, CI: -2.9--0.1). The R values indicated that 
there were gaps in U5Ds but the largest gaps were seen in 
Cambodia (R = 5.9, CI: 3.3-10.3) and South Africa (R = 
4.9, CI: 1.8-13.6). Similarly, the R values show that the 
burden of U5Ds was concentrated among richer house-
holds in Comoros (R = 0.9, CI: 0.6-1.5), Maldives (R = 

Fig. 4 Risk difference in the prevalence of under-five deaths between children from poor and non-poor households in LMICs (Source: Authors 
Drawings)
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0.7, CI: 0.2-2.7), Sierra Leone (R=0.9, CI: 0.8-1) and Tan-
zania (R=0.7, CI: 0.6-1). This pattern was also observed 
for the PAR and PAF measures of inequality as shown 
in Table 3. The visualization of the distribution of these 
measures in the LMIC is shown in Fig. 3.

Risk difference and prevalence of under-5 deaths 
and magnitude of poor-non-poor inequality
Figures 4 and 5 shows the distribution of risk difference 
of U5Ds by the prevalence of U5Ds in each of the coun-
tries. In these charts, significant pro-non-poor inequali-
ties are shown in red colour while insignificant inequities 
are shown in yellow. There was no significant pro-poor 
inequality in any country. As shown in the RDs, two of 
the nine nations in Eastern Africa, four of the six coun-
tries in Middle Africa, Egypt in Northern Africa, and six 
of the thirteen countries in West Africa exhibit signifi-
cant pro-poor U5Ds inequality. There are two countries 
in each of Southeast Asia and Western Asia, three in the 
Caribbean, five in Southern Asia, and one in Southern 

Africa. Papua New Guinea in Oceania, South America, 
Central Asia, Central America, and Southern Europe 
all have high pro-non-poor U5Ds inequality, as seen in 
Figs. 1, 4, and 5.

Relationship between the burden of under-5 deaths 
and magnitude of inequality
We categorized the 59 countries into 4 distinct groups 
based on the prevalence of U5Ds in each country and 
based on the magnitude of the RDs which reflects the 
level of inequality: (i) High prevalence of U5Ds and high 
pro-non-poor inequality countries which were observed 
in countries like Nigeria, Guinea, Burkina Faso, Mali 
and Chad (ii) High prevalence of U5Ds and high pro-
poor inequality countries such as Ethiopia, Lesotho and 
Sierra Leone (iii) Low prevalence of U5Ds and high pro-
non-poor inequality countries such as Cambodia, South 
Africa, Guatemala and Myanmar (iv) Low prevalence of 
U5Ds and high pro-poor inequality countries such as 
Maldives, Gambia, and Zambia (Fig. 5).

Fig. 5 Scatter plot of rate of under-five deaths and risk difference by household wealth inequality in LMICs (Source: Authors Drawings)
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Decomposition of poverty inequality in the burden 
of under-5 deaths
The Mantel-Haenszel (MH) pooled estimate of the odds 
ratio (OR) of having U5Ds while controlling for the coun-
try of residence among children was 1.38 (95% CI: 1.35-
1.41) and tested  Ho: OR=1; we estimated z = 32.3 and 
p = 0.000 and (ii) Test of heterogeneity, we estimated X2 
= 431.8, degree of freedom (d.f.) = 58, and p = 0.000, 
I-squared (variation in odds ratio (OR) attributable to 
heterogeneity) = 86.6%. Thirty-four of the 59 countries 
showed a significant pro-non-poor odds ratio, no signifi-
cant pro-poor inequality while other countries showed 
no significant inequality. The 34 countries are Afghani-
stan, Angola, Bangladesh, Benin, Burkina Faso, Burundi, 
Cambodia, Cameroon, Chad, Colombia, Cote D’Ivoire, 
Egypt, Ethiopia, Guatemala, Guinea, Haiti, India, Indo-
nesia Malawi, Mali, Myanmar, Nepal, Niger, Nigeria, 

Pakistan, Papua New Guinea, Philippines, Rwanda, Sen-
egal, South Africa, Tajikistan, Togo, Turkey and Yemen. 
A MH OR across these countries was 1.51 (95% CI: 1.47 
– 1.54), test of homogeneity of odds ratio was significant 
with  I2 = 93.1%, X2 = 155.16, d.f = 33, and p = 0.000.

Across the 34 countries, the largest contributors to 
pro-non-poor inequalities in U5Ds among the children 
are rural-urban differences in the location of residence, 
maternal education, neighbourhood SES, sex of the child, 
toilet types, birth weight and preceding birth intervals, 
sources of drinking water and household wealth. The 
countries with the largest contributions of these factors 
are Turkey, Cote D’Ivoire, and Niger. These countries 
were clustered together while the location of residence, 
birth order, maternal education, sex of the child, toilet 
type and maternal employment were clustered together 
as shown in Fig.  6. The largest contributors to 

Fig. 6 Contributions of differences in the distribution of ‘compositional effect’ of the determinants of under-five deaths to the total gap in 
household wealth inequality among countries with pro-non-poor inequality in LMIC (Source: Authors Drawings)
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pro-non-poor inequality in Turkey were residence loca-
tion (473%), birth order (209%) and maternal education 
(319%). In Cote D’Ivoire, residence location (245%), birth 
order (213%) and maternal education (35%), contributed 
the largest to pro-non-poor inequality in U5Ds. Also, 
the contributions of household wealth to gaps in U5D in 
poor and non-poor households were shown in Fig. 5 with 
the highest influence in Turkey, Cote D’Ivoire, Colombia, 
Ethiopia and Senegal. In general, poor maternal educa-
tion widens the wealth inequality in child death while 
better educational attainment closes the gap. Also, liv-
ing in rural areas, social-economic disadvantaged com-
munities, unimproved toilet type, low birth weight and 
high birth interval widens wealth inequality in under-five 
deaths.

Discussions
The burden of U5Ds is disproportionately higher 
among the poorest households relative to the richest 
ones in developing countries. In recent literature, the 
need for research studies that investigate the relative 
contributions of the factors associated with inequalities 
in U5Ds deaths among poor and non-poor households 
has been well highlighted. This is important to drive 
the understanding of ways to design policies that will 
be beneficial for addressing household wealth inequali-
ties in U5Ds which currently exist in LMICs. This study 
decomposed the individual- and neighbourhood-level 
factors that have been reported in empirical studies 
to be associated with wealth inequalities in U5Ds in 
LMICs [7, 10, 48, 49].

Across all the countries, 45% of the children were 
from poor households. This is a direct reflection of the 
economic situation in LMIC where there remains a high 
burden of child poverty relative to the much lower child 
poverty rates in wealthier countries [50]. Findings in this 
study revealed that the average U5Ds rate was 51 per 
1000 live births in the 59 LMICs and the mortality rates 
were significantly different among countries. For poor 
households, the U5Ds rate was 60 per 1000 live births 
relative to 44 per 1000 in non-poor households. Also, 
among poor households, U5Ds was the lowest in Alba-
nia (7 per 1000 live births) and the highest in Nigeria 
(125 per 1000 live births). The disparity in U5Ds in Alba-
nia and Nigeria can be hinged on the differences in the 
level of poverty, population size, education and access 
to affordable healthcare services. Similarly, for non-poor 
households, Albania had the lowest U5Ds and the high-
est in Sierra Leone (118 per 1000 live births). This fur-
ther reiterates the finding that U5Ds are systematically 
different among poor and non-poor households [27]. The 
case of Sierra Leone where there are high U5Ds in both 

poor and rich households is very worrisome. It followed 
a different pattern from that observed in other LMICs. 
This suggests that the economic status of households is 
less important with regard to the burden of U5Ds in the 
country. Even though the reduction of income/wealth 
inequality is a desirable goal of governments globally, 
other interventions targeted at curtailing U5Ds should be 
adopted in such countries. In addition, useful lessons can 
be learnt from countries like Armenia where the preva-
lence of U5Ds is relatively low just as the gap in U5Ds 
between children from poor and non-poor households is 
low as found in this study.

The average estimates across countries revealed in this 
study represent a slight improvement on the findings 
published in the work of Chao et al. [6] where the aver-
age U5Ds was reported to be 64.6 per 1000 live births 
among poor households and 31.3 per 1000 under-5 chil-
dren in non-poor families between 1990 and 2016. This 
is consistent with findings in previous studies that pro-
gress has been made in the reduction of U5Ds around 
the world [51–53]. Despite this noticeable improvement 
in child health in LMICs, the success needs to be carried 
forward through the implementation of effective and effi-
cient interventions to match the progress in high-income 
countries, reduce the relative inequality in U5Ds and 
guarantee the realization of SDGs by 2030 in developing 
countries.

Furthermore, the burden of U5Ds was examined by 
households’ poverty categories across different covari-
ates in all 59 countries. Our findings demonstrated that 
U5Ds differed significantly across individual and neigh-
borhood-level characteristics, with the biggest dispar-
ity seen between poor and non-poor households with 
multiple births and low birth weights. However, there 
was no significant difference in the burden of U5Ds 
among poor and non-poor households by marital sta-
tus. The increased likelihood of U5Ds due to the small 
birth weight found in this study has also been reported 
in earlier research works. A study conducted to exam-
ine the mortality risks attributable to preterm and low 
birth weights in LMICs revealed that children who had 
small birth weights face a higher risk of mortality com-
pared to those with normal birth weights [54]. Likewise, 
this finding is supported by the conclusions made in a 
similar study implemented to investigate the burden and 
consequences of small birth weight in developing coun-
tries. The study showed that having a small birth weight 
increased the chance of U5Ds in LMICs [55]. The intui-
tion here is that mothers from poorer households may be 
unable to afford adequate dietary and nutritional intake 
during pregnancy, among other economic-related depri-
vations, which can lead to giving birth to children with 
small birth weights. Consequently, this can generate 
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substantial disparity in the burden of U5Ds among poor 
and non-poor households.

The inequality in U5Ds observed among rich and poor 
households was further supported by estimates gener-
ated from the measures recommended in the WHO 
HEAT Plus. In all the measures, D, R, PAF and PAR, the 
burden of U5Ds was disproportionately higher among 
poor households, depicting a pro-non-poor inequality in 
U5Ds.

Moreover, this study utilized a measure of inequality in 
the probability of U5Ds (the RD of mortality), to assess 
the risk differences of U5Ds among poor and non-poor 
households. Under-5 children who live in poor house-
holds in 34 LMICs faced higher risks of dying before age 
5 compared with their counterparts who are from non-
poor households in those countries. Although, this was 
not the case in some countries- Ethiopia, Tanzania, Zam-
bia, Lesotho, Gambia, Sierra Leone and Maldives. The 
former scenario is expected since children born in poor 
families in LMICs are often deprived of basic resources 
like adequate nutritional intake, access to potable water, 
access to childhood vaccination/immunization coverage, 
conducive growing environment (or adequate housing 
facilities), access to quality healthcare etc. Consequently, 
the majority of them are predisposed to illnesses ema-
nating from the interaction of those factors which may 
culminate into U5D. This assertion is corroborated by 
the conclusions made in the work of Houwelling and 
Kounst that the economic status of households in LMICs 
is strongly correlated with the risk of U5D [27]. They fur-
ther submitted that, as a way pass-through, the relation-
ship between childhood mortality and poverty can be 
as a result of the impact of economic deprivation on ill-
health and can also be the other way round, suggesting a 
bi-directional relationship [27]. Houwelling et al assessed 
access to skilled maternal care among poor and non-
poor households and found that there exist enormous 
inequalities in the use of professional maternal care ser-
vices across different income groups in LMICs and that 
the services provided by nurses and mid-wives appear 
to favour households in the upper economic stratum 
relative at the expense of the poor ones [56]. Presum-
ably, this finding may also partly explain the huge gap in 
child health outcomes among households in the different 
economic hierarchies. It is important to note that ine-
qualities in U5D as shown in the RDs in U5Ds followed 
a similar pattern in all the countries apart from Sierra 
Leone where the burden of U5D is high both among poor 
and rich households. This suggests that there may be 
other fundamental issues affecting child health outcomes 
in the country.

In general, our study showed evidence of significant 
differences in the risk of U5Ds among children from poor 

and non-poor households in the 59 LMICs countries and 
this gap was widest in Nigeria (50.4 per 1000 live births) 
and Guinea (39.9 per 1000 live births). Overall, the RD 
across countries was 11.4 per 1000 under-5 children. The 
differences in the risk of U5Ds across the countries could 
be as a result of the differences in child poverty in those 
countries which further emphasise the earlier assertions 
made regarding the strong link between household eco-
nomic status and the risk of U5Ds. Another probable 
justification for the differences in the poor-rich inequali-
ties in U5Ds can be hinged on other country-level fac-
tors such as availability of social protection, the extent of 
income inequalities within countries, healthcare financ-
ing infrastructure etc. [27].

More importantly, the decomposition analysis in this 
study found that factors like rural-urban contexts, mater-
nal education, neighbourhood SES, sex of the child, birth 
weight, preceding birth intervals, sources of drinking 
water and household wealth, explain the majority of the 
inequalities in U5Ds among poor and non-poor house-
holds. These factors either contribute to the widening 
or shrinking of this gap. For instance, this study showed 
that the location of households (i.e. rural or urban) con-
tributed the highest to household wealth inequalities in 
U5Ds. A possible reason for this is that households liv-
ing in urban locations usually have access to good health-
care facilities and better social infrastructure compared 
with households who reside in rural centres. As a result 
of this, children born in urban areas will likely have 
higher survival rates relative to those born in rural cen-
tres. Likewise, higher educational attainment of moth-
ers has a positive impact on child health outcomes and 
thus contributes to the reduction in the gap existing 
between the poor and the rich with regards to the out-
come of U5Ds. Intuitively, educated mothers are more 
likely to have access to higher income from paid employ-
ment and a better standard of living compared with those 
who are not educated. Another advantage of education 
among mothers is that it ensures that mothers have bet-
ter childbearing practices and this will often be reflected 
in child health outcomes. The implication of this is that 
governments in developing countries should ensure that 
the female child has access to quality education as much 
as their male counterparts as this will lead to better child 
outcomes in those countries in the longer term.

Moreover, this study indicated that neighbourhood SES 
also contributed to the gap in U5Ds among poor and rich 
households. This finding is supported by the evidence 
revealed in a conducted to examine the pathways of the 
impacts of neighbourhood SES on the outcome of child-
birth [44]. The study showed that neighbourhood SES 
had a direct effect on the occurrence of preterm birth 
and low birth weight among children. Another study has 
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also reported that poor birth outcomes are higher among 
households in the poorest income stratum [45]. Apart 
from child sex and maternal age, other factors contrib-
uting to household wealth inequality in U5Ds like toilet 
type, birth order, maternal employment, multiple births, 
birth interval and drinking water are related to the wealth 
status of households in a way. For the majority of the 
countries included in this study, this finding further reit-
erates the need to develop and implement policies that 
will improve the living standards of households in those 
countries.

Overall, the contributions of the aforementioned fac-
tors to the pro-non-poor disparity in U5Ds varied across 
countries. For instance, in Cote D’Ivoire, the location of 
household, birth order and maternal education had the 
highest contribution while the household wealth, neigh-
bourhood SES, birth interval, birth weight and maternal 
education contributed the highest to U5Ds in Senegal. 
This presupposes that interventions to address inequali-
ties in U5Ds among poor and non-poor households in 
LIMCs should be country-specific in such a way that pol-
icies in individual countries are designed with the con-
sideration of the factors contributing the largest to the 
disparity in U5Ds among poor and rich households. It is 
important to note that majority of the aforementioned 
determinants of U5Ds are related to the poverty status 
of households. For example, poorer households are often 
more concentrated in rural locations compared with 
economically more viable families who more often than 
not reside in urban centres where there is better access 
to quality healthcare relative to rural centres. This can 
also be said about other factors that are associated with 
U5M with regards to their link to poverty, apart from the 
gender of the child which is typically a biological factor. 
Therefore, efforts geared towards improving child health 
in developing countries will have a lot to do with reducing 
income inequality in the general population. Specifically, 
interventions targeted at reducing the enormous burden 
of U5Ds among poor families will need to focus on fos-
tering a system where households, irrespective of their 
economic status, have access to the factors that improve 
child health outcomes. As recommended by WHO, fac-
tors such as exclusive breastfeeding of infants, access to 
essential nutrients as well as micronutrients, good aware-
ness and knowledge of the signs that portray danger for 
under-five children, adequate access to hygiene, portable 
water and hygiene and immunization, are important for 
reducing U5Ds and improving child health outcomes, 
although these are somewhat related to the economic 
status of households [1].

This study revealed that some countries- Maldives, 
Armenia, Jordan, Egypt, Philippines, Hondurans, 
Colombia, Peru and Turkey, have less than 25 U5Ds 

per 1000 live births targeted in the SDGs. However, 
other countries have higher U5Ds. In particular, there 
are some countries with a high prevalence of U5Ds 
and high-risk differences between children from poor 
and non-poor households. These countries are Nigeria, 
Guinea, Burkina Faso, Mali, Chad, Pakistan and Benin. 
There is a need for these countries to develop and 
implement policy interventions that draw lessons from 
the countries (such as Jordan, Albania, Armenia and 
Peru) where both the risk differences and U5Ds are low. 
Likewise, countries with high poverty rates and large 
population sizes will require deliberate efforts geared 
towards reducing the absolute inequalities between 
the poor and the rich and in so doing, curtail the social 
gradient in health as reflected in child health outcomes 
in those countries. Sierra Leone is an example of coun-
tries with a very worrisome situation, insignificant risk 
difference between children from poor and non-poor 
households notwithstanding. The level of U5Ds in both 
types of households in Sierra Leone exceeded 100 per 
1000 deaths. Such countries will need greater efforts to 
reduce U5Ds.

Study limitations
This study has some limitations which are majorly data 
issues. The DHS survey was conducted at different times 
across the 59 LMICs and this may introduce bias in the 
comparison of U5Ds. Similarly, recall bias may have 
occurred as mothers were made to recall past events. 
There is also the possibility of under-reporting of U5Ds 
in some countries which is often related to cultural 
taboos forbidding parents from reporting the deaths 
of their children. Another limitation is that maternal 
weight or BMI would be useful as the control variables, 
however, this was not included because maternal height 
and weight were inadequately reported in the DHS. Only 
35% of mothers have the two variables. In addition, FDA 
is useful for estimating the relative contributions of fac-
tors on the outcome of U5Ds. However, the technique 
does not account for the clustering and stratification 
elements of the DHS. It is therefore not unlikely that 
this may have had some impact on the results gener-
ated. Nonetheless, FDA is a reliable way for determining 
the contributions of various factors to gaps in a desired 
outcome between two groups, and this decomposition 
technique is an improvement over the Blinder Oaxaca 
decomposition method.

Conclusion and recommendation
This study found that there are systematic differences 
in the burden of U5Ds among households and showed 
that this burden is disproportionately higher among 
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poor families relative to non-poor ones. Likewise, there 
is evidence that children born in economically less via-
ble households have higher risks of dying before age 5 
compared with those who are from rich households. 
The decomposition analysis revealed that factors such 
as rural-urban contexts, maternal education, neighbour-
hood socioeconomic status, sex of the child, birth weight, 
preceding birth intervals and sources of drinking water 
are the main contributors to pro-non-poor inequalities 
in U5Ds in 34 countries out of the 59 LMICs included 
in this study. The majority of these factors are related to 
the economic status of households. As such, there is an 
increasing need to address this inequality in child health 
outcomes and a greater gain in this endeavour will be 
achieved by developing policies that are country-specific 
and targeted at households in the lower-income strata. 
Poverty reduction in addition to addressing the factors 
identified in this study across the countries with signifi-
cant pro-non-poor inequalities could help reduce U5Ds. 
Nonetheless, in Sierra Leone, this study revealed that 
the burden of U5Ds is equally high among poor and rich 
households. The implication of this is that countries with 
a similar scenario as the one observed in Sierra Leone 
where the burden of U5Ds is high among the poor and 
the rich will have to go beyond the reduction of wealth-
related inequalities to adopting other country-specific 
strategies to reduce U5Ds. In doing this, important les-
sons can be learnt from the strategies adopted in Mal-
dives, Armenia, Jordan, Egypt, Philippines, Hondurans, 
Colombia, Peru and Turkey, where the prevalence of 
U5Ds are relatively low. This study has contributed to the 
body of knowledge through the identification of factors 
that contribute to the differences in U5D between poor 
and rich households.
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