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Background: In the previous years, efforts have been made to reduce the inequality gap in 
newborn and child health interventions in Ethiopia. However, there is still limited evidence 
on the extent and trends of inequality on newborn and child health interventions. Thus, we 
aimed to assess newborn and child health interventions, inequality levels, and trends during 
four demographic and health survey periods based on inequality dimensions: economic 
status, education level, residency, and child’s sex in Ethiopia.
Methods: We conducted an inequality analysis on four periods (2000, 2005, 2011, and 
2016) of the Ethiopian Demographic and Health Survey (EDHS) data. We estimated inequal-
ity related to economic and education status using percentage, relative concentration index, 
and slope index, while mean percentage difference and ratio were used to assess inequality 
due to residency and child’s sex.
Results: The coverage of services was concentrated in the richest quintile, highly educated 
families, and urban dwellers. Child and newborn health intervention service coverage 
improvement in the past four survey periods was less than 10.0% for all services, and 
there is high disparity between sub-national regions. Full immunization-related inequality 
was highest in Ethiopia compared to four east-central African countries.
Conclusion: Increasing service coverage and improving equitable access to routine immu-
nizations could fill the existing inequality gap while focusing on the underserved group. In 
addition, strengthening regular monitoring processes is also vital to know those left behind.
Keywords: health inequality, child health interventions, health equity, vaccination, 
immunization, children

Background
The World Health Organization (WHO) Expanded Programme on Immunization 
(EPI) has launched in 1974 as a global strategy to reduce newborn and child 
mortality due to vaccine preventable diseases.1,2 Since then, there has been 
a tremendous reduction in child mortality resulting from vaccine preventable 
infectious diseases across the world.3–5 Immunization is an effective intervention 
to control and eliminate life-threatening infectious diseases such as diphtheria, 
hepatitis B, measles, mumps, pertussis (whooping cough), pneumonia, polio, rota-
virus, rubella, and tetanus.3–5 Immunization prevents between two and three million 
deaths among children each year from diphtheria, tetanus, pertussis, and measles 
alone.5 Despite some improvements in global immunization coverage, there 
remains considerable regional and local inequalities2,6–16 that are due to several 
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reasons such as family-related social and behavioral fac-
tors, resources limitation, competing health priorities, poor 
management, and inadequate monitoring and 
supervision.2,6–21

Apart from several challenges, inequality in newborn 
and child health interventions, particularly immunization 
and vitamin A supplementation, are a major concern imped-
ing developing countries to achieve child health-related 
desired targets.15–19 Inequality in childhood immunization 
can be linked to economic status and mother’s education 
level, place of residence, and child sex.12,15,17–21 For exam-
ple, full immunization coverage is concentrated in the rich-
est economic quintile.15,18

It is well documented that child immunization has 
played a significant role in the improvement of newborn 
and child health in the past decades,1,3–5,22 but the service 
improvement and the available inequality gap have been 
less explored in Ethiopia. Moreover, although studies have 
been reported on inequality related to newborn and child 
interventions,15–21,23 there is little evidence on the pro-
gress achieved in narrowing the disparities between differ-
ent segments of the population in the past years. 
The majority of previously reported studies indicated 
inequality on a single newborn and child health 
intervention.18 However, there is limited evidence on dif-
ferent newborn and child health interventions inequality 
gaps using different inequality dimensions. Furthermore, 
there is limited evidence on newborn and child health 
interventions at sub-national and sub-regional levels in 
Ethiopia. Therefore, we aimed: i) to assess inequality in 
newborn and child health interventions (BCG, DTP3, 
measles and full immunization, and vitamin 
A supplementation) coverage and trends across the four 
survey periods based on economic, education, child sex, 
and residency dimensions; and ii) to compare inequality 
between sub-nations within Ethiopia and with countries 
having comparable health coverage in east-central Africa.

Methods
The main outcomes of our analysis were six newborn and 
child health intervention indicators: Bacille Calmette 
Guérin (BCG), diphtheria tetanus, pertussis (DTP3), 
measles, polio, and full immunization coverage for 1-year- 
old children, and vitamin A supplementation coverage for 
children aged 6–59 months. The definition of each selected 
newborn and child health intervention was adopted from 
the WHO Handbook on Health Inequality Monitoring24 

and given below.

BCG immunization coverage among 1-year-olds: 
Percentage of 1-year-olds who have received one dose of 
BCG vaccine.

DTP3 immunization coverage among 1-year-olds: 
Percentage of 1-year-olds who have received three doses 
of the combined diphtheria tetanus and pertussis vaccine in 
a given year.

Full immunization coverage among 1-year-olds: 
Percentage of 1-year-olds who have received one dose of 
BCG vaccine, three doses of polio vaccine, three doses of 
DTP3 vaccine, and one dose of measles vaccine.

Measles immunization coverage among 1-year-olds: 
Percentage of children aged 12–23 months who have 
received at least one dose of measles-containing vaccine 
in a given year.

Polio immunization coverage among 1-year-olds: 
Percentage of children aged 12–23 months who received 
at least three doses of polio vaccine.

Vitamin A supplementation among children under 5 
years: Proportion of children aged 6–59 months who 
received a high-dose vitamin A supplement within the 6 
months prior to the survey. High-dose vitamin A, accord-
ing to the International Vitamin A Consultative Group 
(IVACG) definition, refers to doses equal to or greater 
than 25,000 international units (IU).

We compared an inequality of these six indicators 
based on the four inequality dimensions indicated above. 
We used a publicly available datasets collected in 2000, 
2005, 2011, and 2016 for Demographic and Health Survey 
(DHS) data in Ethiopia. We accessed the data through the 
World Health Organization (WHO) Health Equity 
Assessment Toolkit (HEAT) and DHS program.

Data Analysis
We estimated both disaggregated and aggregated mean 
percentage estimate of newborn and child health interven-
tion indicators coverage with its 95% confidence intervals 
and Standard Errors (SEs). We also estimated relative 
aggregated estimates of economic and education inequality 
with Relative Concentration Index (RCI) and Slope Index 
(SI). Both RCI and SI of inequality take into account the 
distribution of wealth and education status of the whole 
population in the country. The concept of RCI is similar 
with the Gini index for income distribution.25 It is 
a relative measure of inequality that shows child and new-
born health intervention gradient across multiple sub-
groups with natural ordering of wealth or education 
status.24,26,27 It indicates the extent to which a health 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                             

Pediatric Health, Medicine and Therapeutics 2020:11 514

Tola and Gamtesa                                                                                                                                                   Dovepress

http://www.dovepress.com
http://www.dovepress.com


indicator is concentrated among the disadvantaged or the 
advantaged subgroups.24,26,27 After a population is ranked 
by increasing socioeconomic status, the RCI has 
a negative value when child and newborn health interven-
tion is concentrated among the poor or less educated.24 

However, it has a positive value when child and newborn 
health intervention is concentrated among the rich or more 
educated.24 When the concentration index is zero, there is 
no inequality between the subgroups.24

The SI of inequality is used to show the gradient of 
health across subgroups of wealth and education with 
natural ordering.24,26,27 It uses a logistic regression 
model to express the absolute difference in coverage, in 
percentage points, between the extremes of the wealth and 
education distribution.24 To calculate the SI of inequality, 
a weighted sample of the whole population is ranked from 
the most disadvantaged (poorest or less educated) sub-
group to the most advantaged (richest or highly 
educated).24 This ranking is weighted, while accounting 
for the proportional distribution of the population within 
each subgroup. The population of each wealth or educa-
tion category is then considered in terms of its range in the 
cumulative population distribution, and the midpoint of 
this range. The child and newborn health interventions 
are regressed against this midpoint value for wealth or 
education subgroups using a logistic regression model, 
and the predicted values of the child and newborn health 
interventions are calculated for the two extremes (disad-
vantaged) and advantaged. The difference between the 
predicted values of the two extremes generates the SI of 
inequality value. Thus, the slope index of inequality repre-
sents the difference between the lowest and the highest, 
while considering all other subgroups in the regression. 
When the SI of inequality is zero, there is no inequality 
between the subgroups.24 The positive values of the SI of 
inequality indicate that the advantaged subgroup is more 
served, whereas negative values indicate that the disadvan-
taged subgroup is the most served.24

We estimated relative aggregated estimates of place of 
residency and child sex with mean percentage difference 
and ratio. Ratio is a simple measure of relative inequality 
between two subgroups and makes pair-wise comparisons 
of health indicators between two subgroups. In ratio the 
mean value of a health indicator in one subgroup is 
divided by the mean value of that health indicator in 
another subgroup. We presented both disaggregated and 
aggregated estimates in tables and graphs to show the 
inequality on newborn and child health intervention 

indicators. For the definition, collection and measurements 
of dimensions (economic status, education level, resi-
dence, and child sex), interested readers can refer to the 
survey reports.28–31 We used WHO HEAT plus software 
version 1.0 and Stata version 14 to explore and compare 
newborn and child health intervention indicators inequal-
ities based on the four inequality dimensions mentioned 
above. Level of significance was set at a P-value less 
than 0.05.

Ethics
Ethical approval and consent were not sought, because 
publicly available data was used for the analysis of this 
study. However, the surveys from which the data was used 
in the current analysis were ethically approved by the 
Ethiopian Public Health Institute.

Results
National Coverage
The national coverage of BCG, DTP3, measles, polio, and 
full immunization were slightly increased across the four 
survey periods (Figure 1). However, for vitamin 
A supplement the coverage decreased across the survey 
periods (Figure 1). Except for BCG immunization the 
national coverage of newborn and child health interven-
tions coverage were less than 55% in the four survey 
periods (Figure 1).

Economic
Inequality of the six newborn and child health interventions 
was slightly increased monotonically across the economic 

Figure 1 Overall national coverage of the six newborn and child health interven-
tions (BCG, DTP3, full immunization, measles, polio, and vitamin A supplement) 
coverage (%) in Ethiopia in the past three surveys period (2001–2017).
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quintiles in each survey period (Table 1). All newborn and 
child health intervention indicators included in this analysis 
provided a positive slope index of inequality across the 
survey periods, and the inequality was statistically significant 
(Table 1). The results from relative concentration index ana-
lysis indicated a positive concentration index across the 
economic quintile, and this inequality was statistically sig-
nificant (Table 1). In each survey period both slope index and 
relative concentration index showed a pro-rich inequality for 
the six newborn and child health intervention indicators 
included in this analysis. However, the results from both 
slope index and relative concentration index inequality 
showed the lowest pro-rich inequality in vitamin 
A supplement across the survey periods than other interven-
tions (Table 1). Except for vitamin A supplement coverage, 
the other five newborn and child health intervention 

indicators coverage inequalities between richest and poorest 
quintiles were greater than 20% points across the surveys 
periods (Table 1).

Education
Across the education levels the six newborn and child 
health intervention indicators included in this analysis 
provided a positive slope index and relative concentration 
index of inequality that indicated the presence of a pro- 
educated inequality in coverage, and this inequality was 
statistically significant (Table 2). The inequality between 
no education and secondary school or above were greater 
than 50% for the five newborn and child health interven-
tions included in this analysis across the survey periods. 
However, for vitamin A supplement the inequality was 
lower than 50% (Table 2).

Table 1 Percentage of Eligible Children Receiving Newborn and Child Health Interventions Inequalities in Economic Status in Ethiopia 
(2001–2017)

Indicator 
Coverage

Year National Coverage SI RCI

In Poorest 
Quintile %  
(95% CI)

In Richest 
Quintile %  
(95% CI)

In Richest Quintile–In 
Poorest Quintile % (95% CI)

Mean 
Percentage 
Points (SE)

Mean (SE)

BCG immunization 2000 38.9 (32.6–45.7) 71.2 (60.8–79.8) 32.3 (20.8–43.9) 33.2 (26.4–40.1) 11.8 (7.6–16.0)

2005 50.0 (43.6–56.5) 70.6 (61.4–78.3) 20.5 (9.9–31.2) 22.7 (15.2–30.3) 6.1 (3.0–9.2)
2011 58.0 (50.6–65.2) 82.6 (73.5–89.0) 24.5 (13.9–35.1) 23.2 (16.0–30.4) 5.7 (2.8–8.5)

2016 57.7 (49.8–65.1) 83.9 (75.7–98.7) 26.2 (15.9–36.6) 31.3 (24.6–38.1) 7.3 (4.4–10.1)

DTP3 immunization 2000 15.3 (11.7–19.7) 43.1 (34.4–52.2) 27.8 (18.0–37.6) 31.3 (25.3–37.2) 23.8 (17.2–30.4)

2005 25.6 (19.0–33.6) 49.2 (41.8–56.6) 23.6 (13.2–34.0) 24.2 (17.0–31.4) 11.9 (6.0–17.8)
2011 26.0 (20.2–32.9) 63.6 (54.5–71.8) 37.5 (26.7–48.4) 39.4 (32.6–46.2) 17.4 (12.4–22.5)

2016 36.4 (29.5–44.0) 76.3 (65.5–84.5) 39.9 (27.9–51.9) 43.1 (36.5–49.8) 13.3 (9.4–17.2)

Full immunization 2000 7.5 (5.1–11.0) 34.1 (26.6–42.5) 26.5 (18.1–35.0) 28.8 (23.2–34.3) 31.0 (23.5–38.6)

2005 14.5 (9.7–21.2) 36.0 (28.7–44.0) 21.5 (11.9–31.0) 20.9 (14.5–27.3) 16.0 (8.2–23.8)

2011 16.8 (12.0–23.0) 50.6 (41.5–59.7) 33.8 (23.1–44.6) 32.1 (25.7–38.6) 21.2 (14.3–28.1)
2016 22.2 (16.1–29.8) 63.0 (52.0–72.8) 40.8 (53.3–28.2) 40.5 (33.8–47.1) 17.2 (11.8–22.6)

Measles immunization 2000 18.2 (13.9–23.5) 52.2 (44.1–60.1) 34.0 (24.6–43.3) 37.3 (31.2–43.4) 22.7 (17.1–28.2)
2005 24.9 (19.9–30.7) 52.5 (42.7–62.2) 27.6 (16.4–38.8) 29.6 (22.5–36.8) 13.7 (8.6–18.8)

2011 45.3 (38.3–52.6) 79.7 (71.5–86.1) 34.4 (24.2–44.6) 32.7 (25.4–39.9) 9.5 (6.2–12.9)

2016 43.2 (35.9–50.9) 74.3 (64.6–82.1) 31.1 (19.5–42.7) 32.3 (25.2–39.4) 9.6 (5.8–13.5)

Polio immunization 2000 29.7 (23.6–36.5) 52.3 (43.9–60.6) 22.6 (12.0–33.2) 25.1 (18.3–31.9) 11.6 (6.5–16.7)

2005 39.0 (31.0–47.7) 58.8 (50.9–66.3) 19.8 (8.4–31.2) 23.6 (15.9–31.2) 8.3 (3.6–12.9)
2011 37.9 (31.1–45.1) 68.5 (60.6–75.4) 30.6 (20.4–40.8) 27.3 (19.9–34.7) 9.8 (5.5–14.1)

2016 43.4 (36.8–50.1) 75.8 (65.1–84.0) 32.4 (20.9–43.9) 34.2 (27.1–41.2) 9.9 (6.4–13.3)

Vitamin A supplement 2000 56.4 (51.6–61.1) 72.3 (67.7–76.5) 15.9 (9.4–22.3) 14.1 (10.7–17.5) 3.8 (1.8–5.7)

2005 39.7 (35.7–43.9) 56.0 (50.8–61.0) 16.2 (9.7–22.8) 18.8 (15.2–22.3) 6.6 (4.1–9.0)

2011 45.2 (41.6–48.9) 58.1 (52.0–63.9) 12.9 (5.8–19.9) 16.3 (12.9–19.8) 4.9 (1.1–2.8)
2016 40.8 (35.9–45.9) 57.9 (54.0–61.6) 17.1 (10.8–23.3) 16.5 (13.0–20.0) 5.9 (3.2–8.5)

Abbreviations: SI, slope index; RCI, relative concentration index; CI, confidence interval; BCG, Bacille Calmette Guérin; DTP3, diphtheria tetanus, pertussis.
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Residency
Service coverage was increased across the four survey 
periods for both urban and rural areas equally. The cover-
age of newborn and child health intervention indicators 
was higher in urban than rural areas across the survey 
periods (Table 3). The services coverage was slightly 
increased over the survey periods for both rural and 
urban areas. Coverage inequality between urban and rural 
areas for all newborn and child health intervention indica-
tors included in this analysis showed a significant differ-
ence (Table 3). Except for vitamin A, the services 
coverage between urban and rural areas for five newborn 
and child health intervention indicators were greater than 
25% better in urban than in rural and indicated that the 
services were pro-urban (Table 3). The inequality in terms 
of urban-to-rural ratio indicated a higher coverage in urban 

than in rural areas (Table 3). The highest inequality was 
shown on full immunization coverage which was more 
than 3.0-times higher in urban than in rural areas across 
the survey periods, while the lowest inequality was shown 
for vitamin A supplement coverage (Table 3).

Child Sex
Service coverage was increased across the four survey 
periods for both boys and girls. Child sex-related inequal-
ity on services coverage was less than five percentage 
points, and the differences were not statistically signifi-
cant for all services. In terms of boy-to-girl ratio, there 
was no significant inequality on services coverage across 
the survey periods, and the ratio was approximately one- 
to-one for all newborn and child health intervention 
indicators.

Table 2 Percentage of Eligible Children Receiving Newborn and Child Health Interventions Inequalities in Education Status in Ethiopia 
(2001–2017)

Indicator Year National Coverage SI RCI

In No School % 
(SE)

In Secondary+ 
School % (SE)

Secondary School+No 
Education % (95% CI)

Mean Percentage 
Points (SE)

Mean (SE)

BCG immunization 2000 41.2 (37.3–45.2) 80.7 (65.5–90.2) 39.5 (26.7–52.4) 43.3 (34.5–52.1) 8.2 (5.3–11.2)

2005 56.5 (52.0–60.8) 85.8 (76.5–91.8) 29.5 (20.7–38.0) 37.3 (27.3–47.2) 5.3 (3.0–7.5)

2011 60.1 (55.0–65.0) 99.6 (99.1–99.8) 39.5 (34.5–44.5) 41.8 (33.5–50.1) 6.9 (4.5–9.3)
2016 64.3 (59.7–68.6) 87.9 (74.4–94.8) 23.6 (12.9–34.3) 28.9 (20.8–37.0) 4.9 (2.6–7.2)

DTP3 immunization 2000 16.3 (13.7–19.2) 53.9 (38.7–68.4) 37.6 (22.2–53.1) 40.5 (33.6–47.4) 19.1 (13.4–24.8)
2005 28.5 (24.5–32.9) 65.6 (54.5–75.3) 37.1 (25.8–48.4) 35.8 (27.2–44.4) 10.6 (6.1–15.0)

2011 31.7 (27.5–36.2) 72.8 (59.5–83.0) 41.1 (28.5–53.7) 34.1 (26.0–42.1) 10.9 (6.6–15.3)

2016 45.3 (40.6–50.2) 79.8 (65.6–89.1) 34.4 (21.8–47.1) 42.6 (34.9–50.2) 10.0 (6.6–13.5)

Full immunization 2000 10.4 (8.6–12.6) 45.1 (30.9–60.1) 34.6 (19.5–49.7) 33.3 (26.9–39.8) 23.5 (16.4–30.5)

2005 17.5 (14.5–21.1) 41.9 (29.2–55.7) 24.3 (10.4–38.2) 26.1 (18.4–33.8) 12.6 (6.3–18.9)
2011 20.4 (16.0–24.59) 57.3 (44.7–69.0) 36.9 (23.9–49.8) 26.2 (18.9–33.6) 13.0 (7.1–18.9)

2016 30.9 (26.6–35.6) 70.5 (55.9–81.8) 39.6 (25.7–53.5) 42.0 (34.8–49.2) 14.1 (9.4–18.8)

Measles immunization 2000 22.1 (19.1–25.4) 61.7 (46.6–74.7) 39.6 (24.9–54.3) 39.8 (32.3–47.3) 14.3 (9.5–19.0)

2005 30.0 (26.4–33.9) 63.4 (48.1–76.4) 33.4 (18.5–48.3) 39.9 (31.4–48.5) 11.2 (7.1–15.3)

2011 49.9 (45.0–54.7) 89.4 (77.0–95.5) 39.5 (29.5–49.5) 38.2 (29.7–46.6) 7.7 (14.8–10.7)
2016 49.0 (434.0–54.0) 78.8 (64.–88.6) 29.8 (16.6–43.1) 31.2 (23.0–39.5) 7.1 (3.6–10.5)

Polio immunization 2000 31.0 (27.7–34.4) 64.0 (49.2–76.5) 33.0 (18.7–47.3) 37.3 (28.9–45.7) 9.5 (5.9–13.1)

2005 40.9 (36.4–45.6) 74.9 (60.4–85.4) 34.0 (20.6–47.4) 42.4 (33.3–51.5) 8.6 (5.3–11.8)

2011 40.7 (36.1–45.5) 75.8 (63.1–85.2) 35.2 (23.1–47.2) 28.9 (20.3–37.6) 7.4 (3.8–11.0)
2016 49.6 (44.6–54.7) 78.3 (64.2–87.9) 28.7 (15.8–41.6) 37.5 (29.6–45.5) 8.2 (4.9–11.5)

Vitamin A supplement 2000 57.9 (55.3–60.5) 80.4 (73.9–85.7) 22.5 (16.2–28.9) 14.1 (10.7–17.5) 2.9 (1.6–4.1)
2005 44.0 (41.1–47.0) 64.3 (58.1–70.0) 20.2 (13.6–26.9) 18.8 (15.2–22.3) 3.7 (01.9–5.5)

2011 50.6 (47.9–53.3) 67.3 (59.5–74.2) 16.7 (8.8–24.5) 16.3 (12.9–19.8) 3.4 (1.6–5.1)

2016 41.2 (38.3–44.3) 63.6 (58.3–68.7) 22.4 (16.4–28.4) 16.5 (13.0–20.0) 5.7 (3.5–8.0)

Abbreviations: SI, slope index; RCI, relative concentration index; CI, confidence interval; BCG, Bacille Calmette Guérin; DTP3, diphtheria tetanus, pertussis.
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Sub-National Coverage
Table 4 depicts the six-newborn and child health interven-
tions coverage inequalities in nine regional states and two 
city administrations under Ethiopian federal government 
jurisdiction. The highest newborn and child health inter-
ventions coverage was found in Addis Ababa city, fol-
lowed by Dire Dawa city administration and Tigray 
region across the survey periods. The lowest coverage 
across the survey periods for all services was found in 
Afar and Somali regions (Table 4). BCG vaccination and 
vitamin A supplement coverage were more highly covered 
than other services across all sub-national regions in the 
survey periods (Table 4). In most regions the services 
coverage were less than 50%, except in Addis Ababa 
city, Tigray regional state, Dire Dawa city, and Harari 
region (Table 4). Although the coverage was increased 
across the survey periods for most sub-national regions, 

the increment was ≤10.0%, and the inequality was con-
stantly high over the survey periods (Table 4). The cover-
age inequality between regions with highest (Addis 
Ababa) and lowest (Afar) coverage was more than 70.0% 
for most of the newborn and child health interventions 
across the survey periods. In addition, there was no sig-
nificant decrease in inequality in newborn and child health 
intervention in the survey periods in most of the country’s 
sub-national regions.

Comparison with Four African Countries
We compared inequality on one newborn and child health 
intervention (full immunization) for the most recent year 
(2016) survey data in Ethiopia with four east-central 
African countries with their recent survey years (2014, 
2015, and 2016). The countries we compared were: 
Burundi, Rwanda, Uganda, and the United Republic of 

Table 3 Percentage of Eligible Children Receiving Newborn and Child Health Interventions Inequalities in Coverage in Place of 
Residence in Ethiopia (2001–2017)

Indicator Year Area of Residence, Mean Coverage, % (95% CI)

Urban Rural Urban–Rural Urban/Rural Ratio

BCG immunization 2000 70.7 (52.4–84.1) 42.7 (39.1–46.38) 28.0 (11.4–44.5) 1.7 (1.2–2.1)
2005 84.0 (69.4–92.4) 58.4 (54.2–62.5) 25.6 (13.6–37.6) 1.4 (1.2–1.7)

2011 81.6 (72.6–88.1) 63.8 (59.2–68.2) 17.8 (8.9–26.7) 1.3 (1.1–1.4)

2016 88.8 (78.3–94.6) 66.6 (62.5–70.4) 22.3 (13.5–31.0) 1.3 (1.2–1.5)

DTP3 immunization 2000 51.4 (38.8–63.7) 17.6 (15.2–20.3) 33.8 (20.9–46.7) 2.9 (2.1–3.8)

2005 66.8 (57.3–75.1) 29.8 (26.1–33.8) 37.0 (27.2–46.7) 2.2 (1.8–2.7)
2011 62.0 (52.0–71.0) 32.9 (29.0–37.1) 29.0 (18.6–39.4) 1.9 (1.5–2.3)

2016 79.5 (66.1–88.5) 49.7 (45.3–54.2) 29.7 (17.7–41.8) 1.6 (1.3–1.9)

Full immunization 2000 42.1 (31.1–54.0) 11.3 (13.4–9.4) 30.9 (19.1–42.7) 3.7 (2.5–5.0)

2005 49.6 (37.7–61.5) 18.3 (15.5–21.5) 31.2 (18.8–43.7) 2.7 (1.9–3.5)

2011 48.2 (38.8–57.7) 20.6 (17.4–24.3) 27.6 (17.4–37.7) 2.3 (1.7–2.9)
2016 64.6 (51.1–76.2) 35.2 (31.1–39.6) 29.4 (16.0–42.9) 1.8 (1.4 2.3)

Measles immunization 2000 63.1 (51.8–73.1) 22.3 (19.5–25.4) 40.8 (29.6–51.9) 2.8 (2.2–3.4)
2005 65.4 (49.1–78.8) 32.2 (28.8–35.8) 33.2 (17.6–48.8) 2.0 (1.5–2.5)

2011 79.6 (70.4–86.4) 51.8 (47.3–56.2) 27.8 (18.6–36.9) 1.5 (1.3–1.7)

2016 76.0 (61.7–86.1) 51.5 (47.1–55.9) 24.5 (11.5–37.5) 1.5 (1.2–1.7)

Polio immunization 2000 60.3 (49.4–70.3) 32.0 (28.9–35.2) 28.3 (17.3–39.3) 1.9 (1.5–2.3)
2005 70.4 (60.5–78.8) 43.7 (39.5–48.0) 26.7 (16.6–36.9) 1.6 (1.3–1.9)

2011 67.0 (58.5–74.5) 41.4 (37.1–45.9) 25.6 (16.4–34.7) 1.6 (1.4–1.9)

2016 79.5 (68.2–87.5) 53.5 (49.1–57.8) 26.0 (15.5–36.5) 1.5 (1.3–1.7)

Vitamin A supplement 2000 76.0 (69.6–81.5) 58.0 (55.3–60.6) 18.0 (11.6–24.5) 1.3 (1.2–1.4)

2005 63.0 (56.4–69.2) 44.7 (42.0–47.5) 18.3 (11.4–25.3) 1.4 (1.2–1.6)
2011 56.8 (50.2–63.3) 52.5 (49.9–55.11.3) 4.3 (−2.7–1.4) 1.1 (0.9–1.2)

2016 59.4 (54.7–63.9) 42.8 (40.2–45.5) 16.6 (11.2–21.9) 1.4 (1.2–1.5)

Abbreviations: CI, confidence interval; BCG, Bacille Calmette Guérin; DTP3, diphtheria tetanus, pertussis.
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Table 4 Percentage of Eligible Children Receiving Newborn and Child Health Interventions Sub-National Coverage in Ethiopia 
(2001–2017)

Year Region Newborn and Child Health Interventions Coverage % (SE)

BCG 
Immunization

DPT3 
Immunization

Full 
Immunization

Measles 
Immunization

Polio 
Immunization

Vitamin 
A Supplement

Tigray 79.5 (3.6) 56.8 (4.5) 44.0 (3.7) 66.6 (3.9) 64.6 (3.9) 71.9 (2.0)

Afar 16.1 (5.4) 1.1 (1.1) 0.0 (0.0) 10.9 (5.2) 10.3 (3.2) 27.6 (5.1)

Amhara 45.9 (4.5) 20.6 (3.0) 14.4 (2.4) 27.1 (3.3) 42.9 (3.4) 71.1 (2.0)
Oromiya 41.7 (2.6) 16.6 (2.1) 10.1 (1.7) 19.6 (2.1) 29.2 (2.4) 58.1 (2.3)

2000 Somali 43.5 (7.3) 24.4 (7.8) 22.2 (9.1) 39.3 (14.5) 35.1 (15.2) 49.2 (7.2)
Benishangul-Gumuz 40.5 (7.0) 16.7 (4.0) 12.9 (3.9) 19.3 (4.3) 43.1 (6.3) 54.2 (4.1)

SNNP 41.5 (3.7) 16.9 (2.1) 10.9 (1.6) 24.3 (3.3) 24.6 (2.8) 45.7 (2.5)

Gambela 40.1 (7.8) 12.7 (4.1) 10.8 (4.3) 20.0(6.1) 37.3 (7.4) 57.3 (5.3)
Harari 83.4 (4.7) 50.7 (4.2) 35.9 (5.4) 58.6 (5.6) 62.9 (3.1) 82.9 (2.0)

Addis Ababa 90.2 (4.5) 80.9 (5.9) 74.1 (7.2) 88.3 (3.2) 84.2 (5.4) 85.8 (2.2)

Dire Dawa 69.1 (5.7) 52.4 (5.9) 35.3 (4.8) 52.5 (6.2) 72.1 (3.9) 88.5 (1.5)
Tigray 77.4 (3.3) 52.1 (3.9) 33.4 (4.2) 63.3 (3.2) 57.1 (3.9) 65.3 (2.8)

Afar 27.6 (4.8) 4.6 (2.1) 2.4 (1.9) 8.1 (3.1) 21.7 (5.0) 33.3 (4.0)

Amhara 62.3 (4.1) 32.1 (3.6) 17.7 (2.5) 34.8 (3.2) 47.0 (4.1) 43.3 (3.4)
Oromiya 57.8 (4.1) 28.8 (3.7) 20.2 (3.3) 29.4 (3.8) 42.1 (4.1) 43.4 (2.3)

Somali 17.1 (5.5) 5.6 (3.9) 2.8 (1.9) 6.4 (3.6) 10.2 (4.0) 38.8 (3.7)

2005 Benishangul-Gumuz 53.5 (7.5) 30.7 (6.7) 18.5 (4.4) 33.4 (6.3) 36.7 (6.0) 27.4 (3.9)

SNNP 64.2 (3.4) 35.6 (3.6) 21.1 (2.5) 37.7 (3.0) 51.7 (3.4) 50.2 (1.9)

Gambela 49.3 (7.1) 20.3 (5.1) 15.9 (3.9) 30.7 (8.3) 41.4 (5.5) 39.1 (3.8)
Harari 67.4 (5.7) 45.8 (4.8) 34.9 (3.4) 39.9 (4.4) 52.0 (3.8) 36.3 (3.3)

Addis Ababa 93.5 (4.1) 83.8 (5.2) 69.9 (5.8) 78.8 (5.6) 85.5 (4.8) 54.9 (3.3)
Dire Dawa 75.4 (5.1) 62.5 (5.9) 44.5 (5.4) 55.7 (4.9) 66.2 (5.2) 48.2 (3.4)

Tigray 95.9 (1.5) 74.3 (3.8) 59.3 (4.3) 83.7 (3.0) 76.4 (3.4) 82.8 (2.2)

Afar 38.1 (5.1) 11.6 (3.0) 8.6 (2.4) 30.3 (4.4) 19.9 (3.0) 35.3 (3.4)
Amhara 67.7 (3.9) 39.4 (4.1) 27.1 (4.0) 62.0 (4.4) 48.3 (4.2) 63.8 (2.9)

Oromiya 57.4 (3.9) 27.1 (3.1) 15.6 (2.6) 45.9 (3.7) 36.4 (3.6) 48.7 (2.2)

2011 Somali 45.9 (6.3) 25.8 (5.9) 17.1 (4.3) 39.5 (6.7) 29.9 (5.5) 26.3 (2.9)

Benishangul-Gumuz 68.7 (6.3) 42.9 (5.4) 24.2 (4.3) 67.2 (4.5) 45.7 (4.9) 59.9 (4.4)

SNNP 73.4 (3.5) 38.5 (4.1) 24.1 (3.4) 57.8 (3.8) 47.3 (3.4) 43.9 (2.1)
Gambela 72.0 (6.2) 29.4 (4.9) 17.2 (5.8) 51.7 (5.4) 43.9 (5.2) 55.6 (3.3)

Harari 72.9 (6.1) 54.4 (5.9) 36.1 (4.8) 64.7 (6.0) 62.3 5.8) 62.6 (3.1)

Addis Ababa 97.5 (1.7) 89.2 (3.9) 78.7 (4.3) 93.5 (2.7) 81.7(4.2) 62.3 (3.3)
Dire Dawa 87.5 (4.0) 76.1 (3.9) 59.4 (5.0) 79.9(4.0) 80.1(3.6) 67.6 (3.4)

Tigray 88.1 (3.0) 81.4 (4.2) 67.3 (4.6) 80.1 (3.9) 79.3 (4.2) 73.5 (3.0)

Afar 43.5 (5.1) 20.1 (5.3) 15.2 (4.7) 30.1 (5.3) 36.4 (5.0) 35.0 (3.4)
Amhara 75.2 (3.7) 63.8 (5.0) 46.4 (5.1) 61.9 (4.9) 66.7 (4.4) 47.8 (2.4)

Oromiya 59.7 (3.3) 39.9 (3.6) 24.7 (3.3) 43.2 (3.6) 43.4 (3.5) 37.6 (2.3)

2016 Somali 55.9 (3.9) 36.3 (5.3) 21.8 (4.8) 48.1 (6.1) 43.8 (6.2) 36.3 (3.0)

Benishangul-Gumuz 76.8 (4.6) 76.2 (5.5) 57.4 (5.2) 70.8 (4.7) 70.5 (5.1) 63.7 (2.6)

SNNP 76.2 (4.1) 59.0 (4.2) 46.9 (4.4) 57.6 (4.1) 63.6 (3.9) 47.1 (2.1)
Gambela 69.9 (6.0) 54.8 (6.5) 41.1 (5.9) 62.1 (5.7) 57.6 (6.1) 56.8 (3.7)

Harari 77.0 (4.3) 58.7 (5.7) 42.2 (5.9) 53.6 (5.1) 79.3 (4.2) 39.6 (4.0)

Addis Ababa 94.6 (2.4) 95.7 (2.2) 89.2 (2.9) 93.1 (2.5) 96.8 (1.9) 53.9 (3.1)
Dire Dawa 96.8 (1.5) 84.9 (4.0) 75.9 (5.2) 86.9 (2.9) 82.1 (4.5) 71.2 (3.8)
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Tanzania (Figure 2). An aggregated estimate of full immu-
nization inequality was highest in Ethiopia than other four 
countries based on economic status, education level, and 
place of residency (Figure 2). Full immunization coverage 
among 1-year-old children was lower in Ethiopia than the 
four countries compared (Figure 2).

Discussion
The present study is reporting the results of inequality on 
six newborn and child health intervention indicators based 
on four inequality dimensions: economic status, education 
level, child sex, and place of residency on the four periods 
(2000, 2005, 2011, and 2016) of Ethiopian demographic 
and health surveys (DHS) data. The current study findings 
indicated that newborn and child health intervention indi-
cators: BCG immunization, DTP3 immunization, measles 
immunization, polio immunization, and full immunization, 
and vitamin A supplement coverage were slightly 
increased over the four survey periods in all inequality 
dimensions. There was also considerable service coverage 

inequality between economic quintiles, education levels, 
and place of residence in each survey period. In addition, 
the current analysis indicated that there is high inequality 
between sub-national regions. Compared to four east- 
central African countries, the overall full immunization 
inequality was significantly higher in Ethiopia. In addition, 
full immunization coverage was also significantly 
lower than the four east-central African countries 
compared.

Despite the fact that services coverage was slightly 
increased across the survey periods, the inequality gap 
was significantly different between economic quintiles 
and education levels. This indicated that children from 
poor and uneducated families are still depraved. The pre-
sent analysis finding is comparable with previously 
reported studies.15,18,20 The expansion of newborn and 
child health interventions was similar across the economic 
quintile and education level over the survey periods. This 
indicated that the service improvement which happened 
over the four survey periods was similar for lower and 

Figure 2 Full immunization coverage among 1-year old children (%): (A) economic status; (B) education level; (C) place of residence; and (D) child sex in five countries 
(error bars are standard errors).
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higher economic quintiles and for lower and higher educa-
tion levels. These findings were contradicted by 
a previously reported study in which service expansion 
was pro-poor.18 This difference occurred most probably 
due to analysis and interpretation techniques used. 
Moreover, the overall newborn and child health interven-
tion services coverage was pro-rich and pro-educated in 
Ethiopia. This might be due to several reasons. The main 
possible reason could be poor people might be spending 
more time on income making opportunities rather than 
accessing the services.13 Health-seeking attitudes and 
practices of poor and less educated people might also 
have contributed to the observed inequality. Health facility 
waiting time and indirect costs which accumulated for 
travel to immunization centers might be possible factors 
that could hinder service-seeking behavior, hence leading 
to inequality. In addition, health facility and vaccine access 
and poor management are most probably among other 
possible explanations. Available evidence also indicates 
that mother’s education might be one of the main factors 
affecting health services utilization behavior which, in 
turn, leads to inequality in immunization.12

A study reported from India indicated that females are 
less immunized than male children.20 In contrast, in the 
present study, there is no significant difference between 
girls and boys immunization status in Ethiopia. This dif-
ference might be due to the study population and socio-
economic difference between the two countries. 
A previous study reported from Ethiopia indicated that 
there was no significant difference inequality between 
girls and boys on full immunization.18 This finding is 
similar with the present study results.

The present study finding showed that children residing 
in rural areas remain under coverby the six newborn and 
child health interventions in Ethiopia. These findings were 
similar with previous study findings in which disparities of 
the service coverage were observed between urban and 
rural children.18,20

In the current study newborn and child health interventions 
inequality was high between sub-national regions in the coun-
try. The services inequality between highest and lowest cov-
ered regions was 70.0% for most of the services included in 
the present analysis, and the services coverage improvement 
across the survey period was low. These indicate that the six 
newborn and child health intervention indicators require more 
attention in order to minimize the existing inequality. In addi-
tion, services improvement in the last four survey periods were 
less than 10.0% for most of the interventions. These results 

show that a huge investment is required in the country to reach 
underserved sub-national regions.

Full immunization inequality between economic quin-
tiles, education levels, and place of residence was high in 
Ethiopia compared with four east-central African countries. 
The possible explanation of this disparity could be popula-
tion size, economic status, sociocultural factors, amount 
invested, and rural population proportion (nearly 85% of 
Ethiopian resides in rural area)28–31 between Ethiopia and 
the countries used for comparison. This indicates that new-
born and child health interventions inequality in Ethiopia 
requires elevated efforts to minimize the gap.

The main limitation of this study was that we used only 
three summary measures of inequality (RCI, SI, and differ-
ence) for economic and education dimensions, while avail-
able evidence recommend the importance of a combination 
of inequality measures are more comprehensive than only 
relative measures. In addition, we only presented the com-
parison result of one newborn and child health intervention 
(full immunization) in Ethiopia with other countries, this 
might limit the comprehensiveness of this analysis results.

Conclusion
There is high inequality in newborn and child health interven-
tion indicators in terms of economic status, education level, 
and residency. Newborn and child health interventions cover-
age in Ethiopia was less than 55% across the four survey 
periods for most of the indicators. Full immunization inequal-
ity was higher in Ethiopia than east-central African countries. 
Increasing service coverage and improving equity access to 
routine immunizations could fill the existing inequality. 
Strengthening regular monitoring processes of immunization 
coverage is also vital to identify those left behind.
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