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Abstract

Ethiopia’s average life expectancy has improved by more than 18 years from 1990 to 2015.
This initiated interest to study the gain in life expectancy with respect to age structure and
cause of death. Applying a life expectancy decomposition technique on secondary data
obtained from the Institute of Health Metrics and Evaluation, the study found that the burden
of disease in Ethiopia has declined from 626.18 in 1990 to 225.69 in 2015 per 1000 popula-
tion measured in age-standardized rate of life years lost. The major causes of burden in
1990; namely lower respiratory tract infections, neonatal disorders, diarrheal diseases and
neglected tropical diseases at rates of 89.2, 63.2, 61.2, and 42.2 age-standardized years of
life lost per 1000 population respectively; have shown a fast decline in 2015. Deaths from
neglected tropical disease showed 94.95% reduction, contributing to 5.71(27.30%) years
gain in life expectancy followed by lower respiratory tract infection and diarrheal disease
contributing about 4.65 years (22.23%) and 1.48 years (7.10%) respectively. On the other
hand, about 3.3 (15.73%) years and 6.4 (30.71%) years of increase in life expectancy are
achieved through improved longevity in infants and children aged 1—4 years respectively. In
conclusion, the study found that reductions in under-five child mortality and decline in bur-
den of major communicable diseases could explain the major gain in life expectancy. How-
ever, findings also revealed that the prevalence of non-communicable diseases and injuries
are on the rise calling for the need to be addressed by the public health system.

Background

Life expectancy has been utilized as a quantitative measure of mortality and longevity within
and across societies. According to Raza et.al., the last decade in the 20" century was character-
ized by stagnation in life expectancy owing to an increase in morbidity and mortality from
Human Immuno-Virus/Acquired Immuno-Deficiency Syndrome (HIV/AIDS); especially in
sub-Saharan Africa [1]. Despite this challenge, the 2014 World Health Organization (WHO)
report shows that globally a girl who was born in 2012 can expect to live for about 73 years,
and a boy to the age of 68, which is about six years above the 1990 average [2,3]. According to
these reports, seven sub-Saharan African countries have gained a life expectancy of more than
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10 years; Liberia and Ethiopia being on top of the list by gaining a total of 20 and 19 years from
1990 to 2010 [2-5], respectively. The result from the 2016 Global Burden of Disease (GBD)
study indicates that, globally disability adjusted life years (DALYs) of communicable diseases
has decreased from 211.63 to 90.34 per 1000 (57.31%). Similarly, in Ethiopia, communicable
diseases have decreased from 820.29 per 1000 to 200.87 per 1000 (75.51%). In 2013, diarrheal
and lower respiratory tract infections have reduced from 67 to 19 and from 22 to 7.6 per thou-
sand, respectively. Non-communicable diseases on the other hand have increased from 196.07
to 140.21 per 1000 (28.49%) in Ethiopia.

Ethiopia, a country with over 102 million population and a total fertility rate of 4.6, is one
of the least developed countries that has recently registered an improvement in the human
development index [6,7]. The public health sector is one of the areas where improved progress
is seen across time in the country. The number of health centers has increased from about 600
in 1990 to 2999 in 2011, and previously non-existent health extension workers of 35,000 are
actively working in the community. However, the health service utilization estimated by the
outpatient service consumption is still very low, showing an increase from 0.2 to 0.3 from 1990
to 2011 [8,9] with a high rural urban gap. The 2016 demographic and health survey on the
other hand indicated an improvement in the proportion of underweight children to 23 per-
cent, down from 47.6 percent in 1990. Similarly, under-five mortality has reduced from 184 to
67 per 1000 children and infant mortality from 111 to 48 per 1000 live born infants [7,9,10].
Generally there is an increasing evidence supporting the improvement in children’s health
conditions in Ethiopia; supported by the achievement of a two thirds reduction in child mor-
tality, two years ahead of the millennium development goal time line [11].

Living in a resource scarce world; health sector planning, resource allocation and imple-
mentation requires an understanding of the major causes of morbidity and mortality that
affect longevity and productivity at the community level. In this context, understanding the
contributions of the age and cause specific factors on the improvement in life expectancy will
help for further national and regional planning and resource allocation, despite data limita-
tions that pose a huge bottleneck in most developing countries. Nonetheless, after the intro-
duction of DALY in 1993 [12,13] there have been various small scale and large scale studies
that decompose mortality by age and cause to help understand premature mortality, disability
adjusted life years, life years lost, and similar other measurements of disease burden. On the
other hand, in spite of the increasing interest in understanding life expectancy and the avail-
ability of various methods to decompose it, there are few researches conducted to understand
the dynamics of life expectancy across communities. This gets much worse for low-income
countries, where adequate data and especially vital registrations are almost non-existent to
understand the age and cause specific morbidity and mortality in a community.

Thanks to the global burden of disease study from the world health organization and the
Institute of Health Metrics and Evaluation (IHME), estimates of such cause specific mortality
for every country are available online[13]. The main objective of this study is to analyze the
gain in life expectancy in Ethiopia from 1990 to 2015. More specifically, life gained in the past
two and half decades will be decomposed to investigate the age and cause specific contribu-
tions in the improvement of life expectancy in the county.

Methods

This research is a quantitative study of life expectancy decomposition across time between
abridged age intervals and among different causes of mortality using secondary data for Ethio-
pia. The data is retrieved from the Global Burden of Disease Collaborative Network, the 2016
Global Burden of Disease Study available at the IHME website
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Data source and data management

The global burden of disease study provides a comprehensive data to assess national, regional
and global trends in age-specific, sex-specific, and cause-specific mortality. Estimation of these
data depends on vital registration in countries where such data is available [14,15]. In the case
of developing nations, vital registration is either incomplete or nonexistent; in which case cen-
sus data, demographic data, health survey, and verbal autopsy literature reviews help to esti-
mate burden of diseases. For many countries where data were missing for some years, both
interpolation and extrapolation techniques have been applied to estimate mortality rates. For
high-mortality countries with under-five mortality ratio of above 35 per 1000 live births in
2000-10 and without adequate death registration, data on causes of under-five deaths was esti-
mated using a verbal-autopsy-data-based multi-cause statistical model (VAMCM) [14,15].
Specifically, under-five mortality in Ethiopia is estimated using data from census (1984, 1994,
2007), demographic health surveys (2000, 2005, 2011), Butajira in-depth surveys, and national
family and fertility surveys (1990) [14,15]. According to the GBD protocol, a cause list is a set
of mutually exclusive and collectively exhaustive hierarchical categories where the sum of each
cause-specific mortality equals all-cause mortality, following international classification of dis-
ease. The revised list of GHE2015 cause is built out of newly added causes of death from the
2013 causes, together with corresponding 10" version of the International Classification of
Disease (ICD-10) codes that contains 333 causes [16-18]; whereas the GBD 1990 cause list
used the ICD 9/10 classification. With a thorough understanding of the strong methodological
approach for disease estimation that the GBD study uses, data was downloaded directly from
its website.

The data retrieved from IHME site is presented in different hierarchical levels; level I
includes communicable diseases, maternal causes, perinatal conditions, and nutritional defi-
ciencies. level I includes non-communicable diseases, while level III includes intentional and
unintentional injuries. This data is available in the form of the number of deaths all in point
estimates and 95% uncertainty intervals. This study uses point estimate data on the number of
deaths for both sexes in 1990,2000, 2010 and 2015. The team conducted data exploration and
arrangement for further analysis using the ICD-10 list of causes of mortality under hierarchy
IT and hierarchy III. Among all lists of cause of mortality, based on a descending order, the top
19 causes of mortality were filtered out and included in this duty. The rest of the list of causes
of mortality were merged in to the “Others” category. A final list of 20 causes of mortality
including other causes were merged with the corresponding population age structure extracted
from the UN population data released in the 2015 projection [19]. This data file was then arr-
anged in text format to match the requirements of the survival six program, a DOS application
used by demographers for survival analysis and life table constructions.

Data analysis

Different scholars across the globe had developed a number of statistical methods to analyze
life expectancy variations and their underlying causes. These include Pollard JH (1982, 1988),
Arriaga EE (1984), Pressat R (1985), Andreev EM (1982) and Keyfitz N (1977, 1985) who are
all pioneers in the field of demography [20]. Earlier studies indicate that Pollard’s method is an
exact decomposition of life expectancy, whereas Arriaga’s method is slightly easier to calculate
while being more of an approximate method. However, comparisons of these methods have
shown that the results obtained in either of the methods are comparable, especially for Arria-
ga’s and Pollard’s method [21,22]. After importing the data in to the survival-6 software pro-
gram, a multi decrement abridged life table was constructed. Using the life expectancy output
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from the survival program, further decomposition of the gain in life expectancy from 1990 to
2015 was done using Pollard’s method in excel 2013 [20,21]:

Pollard’s life expectancy decomposition formula

life exp (diff) = €y, — €, = X(my; — m,) x w

_ n lxlex2 + lx2ex1 lx+nlex+n2 + lx+n2ex+nl
W_2*<< 2 + 2

The two expressions in parentheses above; the right and left ones, indicate the weights at times

t; and t;,,, respectively. To decompose the last open group—age 80+, the formula is replaced
with:

1 /T T.
ey — €y = X(m, — me)*2*<XH _’_m)

mx2+ mx1+

Keys:
n = age interval (five years commonly)
eo; = Life expectancy at age 0 in population one
eg, = Life expectancy at age 0 in population two
ex+n1 = Life expectancy after age “x+n” in population one
ex+n2 = life expectancy after age “x+n” in population two
ly; = number surviving to the beginning of the age (x) Interval in population one
1> = number surviving to the beginning of the age (x) interval in population two

«_»

lx14n1 = Number surviving at n years after age “x” in population one
lio4n2 = Number surviving at n years after age “x” in population two
w = weight

my; = mortality at age
my, = _mortality at age

« _»

x” in population one

«_»

x” in population two

«_»

T, = Total person years of life contributed after attaining age “x

Results

The top 19 causes of mortality and morbidity were included in the model to study life expec-
tancy differences. A simple age specific mortality ratio shows that these causes explain about
65% of under one mortality, an estimated 58% under-five mortality, and more than 80% of
mortality above the age of 60 in the year 1990. For the 2015 data, the above causes of mortality
explained more than 90% of infant mortality and 80% of mortality above age 35 (Fig 1). This
figure shows that mortality from cardiovascular diseases, lower respiratory tract infection,
neglected tropical diseases, diarrheal diseases, neoplasms and tuberculosis are the major causes
of death in 2015 with a slight shift in their order compared to those in 1990.

Further analysis was conducted on the burden of disease from a multi decrement life table
(Table 1) using the mean YLL for each specific cause and year; and the percentage reduction in
years of life lost after age standardization. Mean years of life lost quantifies the average year
that a person would have lived had he or she not died prematurely from a cause. A higher
value indicates a premature death and a lower value indicates an improved longevity. It is cal-
culated as the sum of individual years of life lost at each age category using life expectancy as
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Fig 1. The distribution of age-cause specific proportion of deaths across abridged age groups in Ethiopia, 1990,
2015. This figure illustrates the mortality proportion for each specific cause of disease across a five year abridged age
category in the horizontal axis, except for age under one and under five where age intervals are one year and four year
respectively. The left graph indicate the data for 1990 and the right one indicate the data for 2015 estimate based on the
global burden of disease study.

https://doi.org/10.1371/journal.pone.0204395.g001

Table 1. Age-standardized rate of years of life lost in Ethiopia, from 1990 to 2015.

Cause of death Age-standardized mean YLL Diff Reduc.
1990 2000 2010 2015 (1990-2015) (%)

LRT infection (CD) 89.22 47.96 39.47 22.69 66.53 16.61%
Diarrheal diseases (CD) 61.19 41.61 22.71 21.63 39.56 9.88%
Neglected tropical diseases (CD) 42.16 12.47 25.03 2.13 40.03 9.99%
Cardiovascular/Circulatory dis. (NCD) 14.12 20.64 12.10 17.62 -3.49 -0.87%
Tuberculosis (CD) 22.68 26.32 13.04 13.03 9.64 2.41%
Nutritional deficiencies (CD) 25.44 17.02 13.74 9.63 15.81 3.95%
Meningitis (CD) 24.26 12.67 11.73 7.95 16.30 4.07%
Chronic respiratory dis. (NCD) 15.76 3.45 7.40 2.69 13.08 3.27%
Neoplasms (NCD) 10.45 12.24 10.80 13.36 -2.91 -0.73%
Digestive diseases (NCD) 8.79 5.84 6.12 451 4.28 1.07%
Diabetes, (NCD) 8.50 6.68 6.55 5.76 2.74 0.68%
Maternal disorders (CD) 12.09 10.85 4.99 4.79 7.30 1.82%
Transport injuries (INJ) 11.59 6.16 9.74 4.87 6.73 1.68%
HIV/AIDS (CD) 3.81 32.95 10.69 8.69 -4.88 -1.22%
STI (CD) 7.63 6.36 4.32 5.31 2.32 0.58%
Interpersonal violence (INJ) 3.95 3.63 4.52 3.74 0.21 0.05%
Fire, heat, and hot substances (IN]) 5.79 1.77 3.80 1.09 4.70 1.17%
Neonatal Disorders (CD) 63.18 51.38 43.57 40.16 23.03 5.75%
Congenital birth defects (CD) 9.98 2.62 3.77 1.83 8.16 2.04%
Others 185.60 115.05 54.02 34.23 151.36 37.79%
Total 626.18 437.67 308.12 225.69 400.50
Entropy 0.48 0.37 0.28 0.23

This table shows the age-standardized mean years of life lost (mYLL), column two to five for 1990, 2000, 2010 and 2015 respectively. The sixth column indicates the
difference in rate of age-standardized years of life lost from 1990 to 2015 while the last column indicates the percentage change. (CD: Communicable, maternal,
neonatal, and nutritional diseases, NCD: Communicable, maternal, neonatal, and nutritional diseases, INJ: Injuries)

https://doi.org/10.1371/journal.pone.0204395.t001
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age limit in each age category.
YLL = 2d, *e,,

Where,

d;; = number of deaths at a given age category

e, = standard life expectancy at age of death in years for each cause

However, for the sake of comparison YLL is weighted based on age specific reference popu-
lation that is taken to be the average of the populations in 1990 and 2015. There are two mech-
anisms for comparing years of life lost across populations. One of these methods uses the rate
of years of life lost and the second involves age standardization of years of life lost for each
cause [23]. The following method of calculating the rate of YLL helps to compare the burden
of disease across different populations or across different time points [23].

rate YPLL = Xe,d, *« 1000/N

Where N = Total population for that country in that year.

Our calculation for this study shows that the rate of YLL in 1990 and 2015 are 684.8 and
218.9 per 1000, respectively. This indicates a higher burden of disease in 1990. This finding
also matches the findings of Abdulahi et.al. [24]; which shows burden of disease to be 59,125
per 100,000 using DALYs. Further comparison of YLL across time and between different pop-
ulations for specific causes of mortality requires standardization of years of life lost to eliminate
the effect of different age structures among the different populations, usually with direct
method of standardization [23]. In this study, age-standardized rate of YLL is estimated as fol-
lows:

Yed, P,

age standardized YLL = ——" % (= % 1000)
Pi N,

r

Where;

di; = deaths for each specific cause of mortality by abridged age category

e, = life expectancy by abridged age category

P; = number of persons of age i in the actual population

P;.. = number of persons of age i in the reference population

N, = Total number of persons in the abridged age category in the reference population
(total population)

The findings of years of life lost calculations in this study (Table 1 and Fig 2) indicate that
lower respiratory tract infections (LRT), neonatal disorders, diarrheal disease, and neglected
tropical diseases, are the top causes of premature death in 1990, evidenced by their order of
age-standardized mean YLL; 89.2, 63.2, 61.2 and 42.2 per 1000 persons respectively. In 2015, a
shift in order is noticed with; neonatal disorders, LRTI, diarrheal diseases, neglected tropical
diseases and cardiovascular diseases being the top causes of premature death at a value of 40.2,
22.7,21.6 and 17.6 per 1000 persons respectively. A reduction in years of life lost could be
either due to a reduction in number of deaths or an upward shift in age of death. This is in line
with the goal of public health; reduction of mortality and elongation of life.

The reduction in the rate of YLL calculated based on the age-standardized deaths shows
that most causes of death have registered a fall in rate of years of life lost from 1990 to 2015.
Along with a reduction in rates of years of life lost by 66.5, 40.2, 40.0, and 39.6 per 1000 per-
sons, deaths from conditions such as lower respiratory tract infections, neonatal disorders,
neglected tropical diseases and diarrheal diseases respectively showed the highest fall from
1990 to 2015. Based on the percentage reduction, deaths from lower respiratory infections
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Fig 2. Age-standardized years of life lost by cause for 1990 and 2015 in Ethiopia. This figure indicates the age-
standardized years of life lost for 1990 and 2015 in Ethiopia. The list in the y-axis indicates the top 19 lists of cause of
death whereas, the values on the x-axis indicate the life years lost per 1000 standard population.

https://doi.org/10.1371/journal.pone.0204395.9002

showed a 16.6% reduction from 1990 to 2015. Similarly, deaths from neglected tropical dis-
eases and diarrheal diseases decreased by 10% and 9.9% respectively. On the contrary, non-

Table 2. Potential life years gained by cause elimination, 1990 to 2015 in Ethiopia.

Cause of Mortality 1990 2000 2010 2015
LRT infection (CD) 4.20 2.07 2.19 1.17
Diarrheal diseases (CD) 3.06 2.24 1.06 1.34
Neglected tropical diseases (CD) 2.25 0.66 1.39 0.14
Cardiovascular and circulatory diseases (NCD) 1.89 2.96 1.71 2.58
Tuberculosis (CD) 2.00 2.83 1.30 1.42
Nutritional deficiencies (CD) 1.45 0.83 0.89 0.46
Meningitis (CD) 0.99 0.63 0.52 0.42
Chronic respiratory diseases (NCD) 1.17 0.48 0.68 0.38
Neoplasms (NCD) 1.42 1.67 1.46 1.78
Digestive diseases (NCD) 1.05 0.64 0.78 0.51
Diabetes, (NCD) 0.77 0.73 0.69 0.67
Maternal disorders (CD) 0.93 0.88 0.37 0.38
Transport injuries (INJ]) 0.78 0.48 0.72 0.40
HIV/AIDS (CD) 0.28 2.84 0.77 0.67
STI (CD) 0.17 0.17 0.09 0.13
Interpersonal violence (INJ) 0.27 0.27 0.31 0.28
Fire, heat, and hot substances (IN]) 0.34 0.12 0.23 0.08
Neonatal Disorders (CD) 1.16 0.90 0.71 0.65
Congenital birth defects (CD) 0.22 0.06 0.09 0.04
Others 8.60 5.93 3.01 2.15
Total 32.95 27.40 18.95 15.61
Life expectancy to age 0 47.05 52.60 61.05 64.39

This table shows the life years gained by each specific cause of mortality calculated using the difference in life
expectancy before cause elimination and after cause elimination. This value is expected to be the life expectancy that
will be gained if we eliminate that specific cause. Column one contains causes of mortality while Column 2 to 5 show
life years gained for the year 1990,2000, 2010 and 2015 for each specific cause.

https://doi.org/10.1371/journal.pone.0204395.t002
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communicable diseases including cardiovascular diseases and neoplasms show an increase in
burden of disease by almost 1% for both of the causes.

Another method of evaluation of burden of disease was conducted using the cause elimina-
tion life table construction. Based on this method, life expectancy before cause-elimination
and after cause-elimination is calculated. The difference in life expectancy is expected to be the
potential life expectancy that will be gained if we eliminate that cause. Table 2 shows the poten-
tial life years gained after cause elimination. Column 1 contains causes of mortality while Col-
umn 2 5 show potential life years gained from 1990 to 2015 for each specific cause respectively.
The higher the potential gain, the higher the burden of that disease in the community. The
findings illustrate that the order of burden of disease matches the burdens measured using rate
of years of life lost with slight changes in rankings. Most communicable diseases showed steady
declines in potential life years gained, including lower respiratory tract infections (4.2 to 1.2),
diarrheal diseases (3.1 to 1.3), neglected tropical diseases (2.3 to 0.1) and tuberculosis (2.0 to
1.4) through the four periods. However, non-communicable disease endured slightly different
trends. Despite a decreasing burden by digestive disease (Table 2), potential life years gained
by cardiovascular diseases and neoplasms increased in 2015 in comparison with its figures in
1990.

Improvement in life expectancy from a specific cause of death may result either through an
upward shift in age specific mortality or through a reduction in the incidence of diseases. This
necessitates the application of the decomposition method to study the gain in life expectancy
that can be apportioned to either population age structure or cause of death. Table 3 shows the
contribution of age structure on gains in life expectancy in Ethiopia from 1990 to 2015, calcu-
lated using the age and cause decomposition of life expectancy. Column one indicates age
interval, column 2 to 5 indicate expected life expectancy in 1990, 2000, 2010 and 2015. Column
6 compares age-specific life expectancy between 1990 and 2015. Column 7 indicates differ-
ences in life expectancy attributed to specific age interval and the last column represents the
percent share of this difference to the total gain in life expectancy. The values in the result dem-
onstrate that a gradual increase in life expectancy at birth by about 18.3 years, from 47.7 in
1990 to 66.00 in 2015. It is important to note that the decomposition analysis indicates the dif-
ference across time to be 20.89, which is due to residual effects. Observing across age structure,
among the total 18.3 years increase in life expectancy from 1990 to 2015, about 6.4 (30.71%)
years of the total increase in life expectancy is achieved through improved longevity in children
ages 1-4 years of old. Another 15.7% improvement of years in longevity is achieved by mortal-
ity reduction in infants (Table 3). Altogether, reduction in under-five mortality makes up
more than 45.8% of the gain in life expectancy.

Another interesting question is which specific cause of death has really contributed to the
improvement in life expectancy in children? Before a general look at the cause specific analysis,
decomposition of the under-five mortality by cause and age shows that the major improvements
in life expectancy in this group comes from reduction in the burden of lower respiratory infec-
tion, diarrheal diseases and neonatal disorder among infants. Altogether, this accounts for more
than 47% of the gain in life expectancy in this group and 7.4% among the total population. Simi-
larly, observation of the contributors for improvement in life expectancy for children aged one
to five years indicates that a reduction in LRT infection, diarrheal disease, neglected tropical dis-
ease, nutritional deficiencies, and meningitis contributed to more than 46.9 percent of the gain
in life expectancy for the group and 14.4% for the total population (Fig 3).

Fig 4 shows the contribution of specific causes of mortality in the improvement of life
expectancy. Reductions in mortality from major communicable disease burdens including
neglected tropical diseases, lower respiratory tract infections and diarrheal diseases contrib-
uted to an increase in life expectancy by 5.7, 4.6 and 1.5 years respectively from 1990 to 2015.
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Table 3. The contribution of age structure for the difference in life expectancy from 1990 to 2015.

Age 1990 2000 2010 2015 Attribution Percentage (%)
(1990 vs 2015)
<1 47.74 53.16 62.99 66.00 3.29 15.73
1-4 50.45 54.31 63.73 66.22 6.42 30.71
5-9 53.58 54.21 61.70 63.37 0.42 2.00
10-14 49.22 49.83 57.01 58.62 0.34 1.61
15-19 44.77 45.28 52.26 53.86 0.46 2.20
20-24 40.58 40.96 47.75 49.25 0.75 3.61
25-29 36.79 37.01 43.48 44.73 0.82 3.90
30-34 33.13 33.29 39.27 40.28 0.73 3.51
35-39 29.48 29.73 35.15 35.97 0.86 4.14
40-44 26.14 26.29 31.22 31.72 0.69 3.32
45-49 22.74 2291 27.37 27.64 0.67 3.21
50-54 19.49 19.61 23.71 23.72 0.71 3.42
55-59 16.54 16.46 20.20 20.03 0.58 2.76
60-64 13.67 13.50 16.94 16.54 0.75 3.59
65-69 11.50 10.80 14.06 13.36 0.49 2.36
70-74 9.48 8.46 11.63 10.54 0.35 1.69
75-79 7.94 6.58 9.81 8.18 0.10 0.47
80+ 6.47 5.05 8.28 6.29 2.46 11.77
Total 20.89 100

Table three shows the contribution of age structure on gains in life expectancy in Ethiopia from 1990 to 2015, calculated using the age and cause decomposition of life

expectancy. Column one indicates age interval, column 2 to 5 indicate life expectancy in 1990,2000, 2010 and 2015 respectively, column six indicate difference in life

expectancy attributed to specific age interval from 1990 to 2015 and the last column represents the percent share of this difference to the total gain in life expectancy.

https://doi.org/10.1371/journal.pone.0204395.t003

Reduction in nutritional deficiencies have also contributed to 1.9 years of life across the study
period. Of 5 non-communicable disease burdens, only chronic respiratory diseases and
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Fig 3. Decomposition of age-cause of gains in life expectancy for infants and under five children between 1990
and 2015. This figure shows the cause-specific attributions in the gains of life expectancy in Ethiopia for infants and
under-five children from a reduction in burden of disease. The orange bars indicate the under-five life expectancy
improvement and the blue bars indicate the gains in life expectancy for infants attributed to each specific cause of
mortality. The values on the horizontal axis indicate the causes of mortality and the values on the y-axis indicate the
additional years contributed to life expectancy gain from 1990 to 2015.

https://doi.org/10.1371/journal.pone.0204395.g003
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Fig 4. Life expectancy gains apportioned to different causes of death in Ethiopia from 1990 to 2015. This graph
shows the average life expectancy that is attributed by either reduction or shift in mortality from specific causes of

mortality from 1990 to 2015. The values on the vertical axis represent the number of years attributed to specific cause
of mortality.

https://doi.org/10.1371/journal.pone.0204395.g004

digestive diseases contributed to life expectancy improvement, whereas diabetes, neoplasm
and cardiovascular diseases had negative impacts on life expectancy decline from 1990 and
2015. Consequently, the net impact of the five non-communicable diseases on life expectancy
was negative, -0.8, from 1990 to 2015.

Discussion

The findings of this research substantiate other study findings, which indicate a significant
progress in the burden of disease reduction in Ethiopia. For most communicable diseases,
both age specific mortality rates and rates of years of life lost saw a reduction from 1990 to
2015. The order of the major causes of burden of diseases based on YLL both in 1990 and 2015
indicates that the top causes of mortality are communicable diseases. However, there is also a
significant decline in burden of communicable diseases across time. Lower respiratory tract
infection leads by a 16.6% reduction rate of age-standardized years of life lost. Similarly, calcu-
lation of the life years gained in 1990 shows that the elimination of LRT infections could have
contributed to the gain of 4.2 years followed by diarrheal and neglected tropical diseases at 3.0
and 2.2 years, respectively. These shifts indicate the reduction in premature deaths due to
either change in disease epidemiology or improved childhood health promotion as well as dis-
ease prevention activities. The finding from lower respiratory infection in Ethiopia might spe-
cifically be following the introduction of an expanded immunization strategy in 2007 [25].
Two new vaccines for Haemophilus influenza type B and Hepatitis B were combined with the
routine trivalent vaccines (DPT) to form a pentavalent one. This might have contributed to the
prevention of respiratory diseases in the country [26].

On the other hand, the major gain in life expectancy from 1990 to 2015 also attributed to
neglected tropical diseases by 5.7 years followed by lower respiratory infections (4.7 years) and
diarrheal diseases (1.5 years) which is in line with the GBD 2016 report[27,28]. Findings from
the GBD 2013 collaborators [29] who found trends of reductions in child deaths from diar-
rhea, lower respiratory infections, and neonatal causes in low-income regions also support the
study result.

Burden of disease study in the Amhara region [30] also showed similar findings where the
highest number of DALY lost were obtained for acute respiratory tract infections, malaria,
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diarrhea, tuberculosis, and maternal and perinatal causes; out of which communicable, mater-
nal and perinatal problems contributed to about 68% the burden. Another study on deaths in
private and public hospitals in Addis Ababa by Misganaw et.al [31] also found that 59% of the
deaths were attributed to group I (infectious) diseases, 31% to group II (non-communicable)
diseases, and 12% to injuries. The proportion of non-communicable diseases and injuries in
this study were found to be higher than the Butajira and Ambhara rural studies. Measurement
of burden of disease in rural areas of Western Kenya [32] and Zimbabwe [33] on the other
hand showed a different picture. For Kenya, more than 71.5% of the morbidity and 28.9% of
deaths were due to malaria. In Zimbabwe, more than 49% of the burden of disease was due to
HIV/AIDS.

The mean years of life lost for the life table population (nLx) in this study at a national level
in 1990 and 2010 are 23.0 and 17.9, respectively. This brought to a a consequent fall in entropy
from 0.5 to 0.3. Entropy, which is calculated as the ratio of mean YLL for life table population
(nLx) to life expectancy at age zero [34]. Entropy has already fallen below 0.2 [34] in most
developed countries. A higher entropy means that more people are losing their age prema-
turely. The above results imply a big fall in years of life lost for the nation in the past 20 years,
although the value of entropy is still very big compared to the global average.

Other causes of mortality explained additional 8 years of life years gained in the 1990s, with
only a 2.2 years gain in the year 2015. Even though it is not included in the model, an in-depth
analysis of other causes of mortality for 1990 showed that war and legal interventions account
for a large portion of the burden of diseases in 1990. A study on development consequences of
armed conflict by Gates S et.al [35] has a similar finding; where a medium-sized conflict with
2500 battle deaths reduces life expectancy by about 1 year, and increases infant mortality by
10%. Another study by Pliimper T et.al [36] and Li Q and Wen M [37] showed that armed con-
flict tends to decrease the life expectancy of women much more than men. The current finding
in our study might indicate the contribution of the peace dividend that the country has en-
joyed for the past 25 years towards the improvement in Ethiopian life expectancy. The term
peace dividend is coined to indicate the extra money, time, and human resource gained from
reduced defense budgets during conflicts that can be invested in various social and economic
sectors. Most literatures agree that a cut in military expenditure will give the public sector an
opportunity to fund social and other economic sectors [38,39]

On the other hand, decomposition of life expectancy confirms that improvements in both
infants and children aged 1-4 contribute nearly half (45.8%) of the life expectancy gained from
1990 to 2015. These findings are also supported by studies from global child mortality analysis
[40-42], where a reduction of 2-:0-2-4 million child deaths were found at a global level. One of
these studies conducted by Li Liu et.al [40] found major reductions in pneumonia, diarrhea,
and measles. Despite the slight reduction in burden of diseases among adolescents, youth, and
the adult population, the gain in life expectancy from these age groups is not encouraging.
This signals the presence of a room for further improvement on the lives of the general popula-
tion through identification, prioritization, and addressing of the major causes of morbidity
and mortality for those groups. The work of Tiamaeus et.al. [43] who showed a rising adult
mortality in eastern Africa supports this finding. The improvement in neonatal health and
maternal health condition seems very slow, which is evidenced by the small gain in life expec-
tancy. This finding supports the works of Ngoc et.al. [44], which shows a slow progress in neo-
natal disorders despite child mortality reductions that requires further exploration.

Beyond the need to focus on increasing life expectancy, chronic diseases are seen as emerg-
ing causes of mortality. These diseases include cardiovascular disease, neoplasms, and diabetes
mellitus. In this regard, in 2015, the elimination of cardiovascular and circulatory disorders
could have contributed to a gain of 2.6 years followed by neoplasms (1.8 years). This implies
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that public health efforts in Ethiopia ought to make non-communicable diseases their focus of
interventions to improve the longevity of its citizens. This is supported by overwhelming evi-
dence that shows the growing burden of non-communicable disease in developing countries,
calling for a prevention strategic planning through lifestyle improvements and access to better
health care services to address non communicable diseases.

In a similar context, mortality and disease burden from interpersonal violence has also
increased, which goes in line with the findings in the global burden of disease, which ranks
Ethiopia fourteenth in interpersonal violence and twelfth in road traffic related deaths [45].
With all these evidences, it is clear that the country is facing a triple burden of disease from
communicable, non-communicable, and transport related problems. However, this study
argues that the attention of public health in Ethiopia is mainly inclined towards the prevailing
communicable diseases pinpointing a need for a critical public attention. The recognition of
NCD’s burdens in Ethiopia Health Sector Transformation Plan (HSTP 2015/16-2019/20) is a
very welcome step [46]. However, the performance measures and strategic initiatives for
NCDs in the HSTP are much less specified in comparison with communicable diseases. This
may pose heavy health burdens by NCDs in the coming years. More specific targets and priori-
ties on the health intervention for NCDs would contribute to not only reducing in health bur-
dens but also creating healthy population to harness the expected demographic dividend in
Ethiopia.

In addition, as the country’s productive labor force increases, it might bring increased risks
to interpersonal conflicts and violence following challenges in unemployment or underem-
ployment, fast urbanization, and the rising population. This might require cultural, legal, and
other forms of measures to be in place to address violence, transport related injuries, and other
forms of growing public health problems at an early phase.

Limitations of the study

This study used a secondary data obtained from IHME, which was estimated using statistical
models. While effective civil registration systems remain the ‘gold standard’ source for contin-
uous mortality measurement, less than 25% of deaths are registered in most African countries.
Ethiopia, like most of the other African nations, does not have a functional vital registration.
Accordingly, the data that was used might lack depth and errors might be introduced during
modeling. The study also does not consider uncertainty intervals for its estimation. As a result,
this study is not immune to suffer from various shortcomings of secondary data analysis.

Conclusion

Measurements on the burden of disease in Ethiopia found that communicable diseases includ-
ing lower respiratory disease, diarrheal disease and neglected tropical diseases are the leading
contributors. However, a percentage change in the rate of age adjusted years of life lost shows
shifts in the rank and age distribution of these causes of mortality across time. These changes
also resulted in an improvement in the life expectancy of the population from 1990 to 2015.
This study confirms that nearly half of the improvement in life expectancy is attributed to
improvements in under-five health condition, which is promising for a country with high
child mortality rate compared to other nations globally. In a similar context, most of these
improvements are attributed to reductions in diarrheal diseases, lower respiratory diseases,
neglected tropical diseases, and tuberculosis. However, it is also important to note that there is
potential for further improvements in the health conditions of the general adult population,
which has showed relatively slower improvement in life expectancy. The growing burden of
mortality from cardiovascular diseases, diabetes and neoplasms also need a proactive
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intervention. Similarly, interpersonal violence and traffic accidents seem to be overlooked
despite showing an increase in burden overtime, calling for the public’s attention and the
development of a strategic plan and interventions to address them.
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S1 Data. Causes of mortality data for Ethiopia from 1990 to 2015, retrieved from the
Global Burden of Disease Study, IHME. This file contains data from the Global Burden of
Disease Study retrieved from the Institute of Health Metrics and Evaluation at http://ghdx.
healthdata.org/gbd-results-tool. It has four different sheets; ‘data-PLOS”, “pivot”, ‘code” and
survival’. data-PLOS: This sheet includes mortality data files of Ethiopia for the years 1990,
2000, 2010 and 2015 directly retrieved from the global burden of disease study; IHME website;
Pivot: This sheet is a pivot format of the data-PLOS which helps for further categorization and
ordering the causes of mortality based on their burden in terms of death, sex, year and age cat-
egories; Code: the code sheet is a direct download of the causes of death from IHME code
book. It helps to identify each cause by level (Hierarchy I, Hierarchy II, and Hierarchy III);Sur-
vival: This sheet includes the final 20 causes of death (including others) that are selected for
life expectancy decomposition by year ready to be exported to survival 6-software.

(XLSX)

Author Contributions

Conceptualization: Gizachew Balew Jembere, Youngtae Cho, Myunggu Jung.
Data curation: Gizachew Balew Jembere, Myunggu Jung.

Formal analysis: Gizachew Balew Jembere, Myunggu Jung.
Investigation: Gizachew Balew Jembere, Youngtae Cho, Myunggu Jung.
Methodology: Gizachew Balew Jembere, Youngtae Cho, Myunggu Jung.
Software: Gizachew Balew Jembere, Youngtae Cho, Myunggu Jung.
Supervision: Youngtae Cho.

Validation: Youngtae Cho.

Visualization: Gizachew Balew Jembere.

Writing - original draft: Gizachew Balew Jembere.

Writing - review & editing: Gizachew Balew Jembere, Youngtae Cho, Myunggu Jung.

References

1. RezaHA, SamH, HLJ, JohnL, Colin M, et al. (2011) Intrernational Shortfall inequality in life expectan-
cytin women and men, 1950-2010, Bulletin of the World Health organization, 2012. pp 2-3.

United Nations (2014) Life expectancy rising. .. UN News Center.

WHO (2014) World Health Statistics 2014. Large Gains in Life Expectancy.: WHO Media Center.
WHO (2014) World Health Statistics 2014, Part lll: Global Health Indicators. 59-70.

GBD (2016) Global Burden of Disease Study 2016 (GBD 2016) Results. Seattle, United States: IHME.

UNDP UNITED NATIONS DEVELOPMENT PROGRAMME: Human Development Reports. http://hdr.
undp.org/en/countries/profiles/ETH. Retrieved on 31 may/2014.

7. CSA&ICF (2016) Ethiopia Demographic and Health Survey 2016. Addis Ababa and Rockvill: CAS and
ICF.

o N R wDd

PLOS ONE | https://doi.org/10.1371/journal.pone.0204395 October 3, 2018 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204395.s001
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://hdr.undp.org/en/countries/profiles/ETH
http://hdr.undp.org/en/countries/profiles/ETH
https://doi.org/10.1371/journal.pone.0204395

@° PLOS | ONE

Life expectancy decomposition

10.
11.

12

13.

14.

15.

16.
17.
18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ministry of Health FDRoE (2012) Ministry of Health Factsheets: http://www.moh.gov.et/factsheets
retrived on Mar 2015.

Ministry of Health FDRoE (2011) Health and Health Related Indicators
CSA&ICF (2012) Ethiopia Demographic Health Survey 2011. Addis Ababa and Rockvill: CSA and ICF.

UN The millennium development goals report. Goal 4: Reducing Child Mortality. United Nations. New
York 2014. p.26

Murray CJ (1994) Quantifying the burden of disease: the technical basis for disability-adjusted life
years. Bulletin of the World Health Organization 72: 429—445. PMID: 8062401

WHO (2017) WHO methods and data sources for global causes of death, 2000-2015. WHO Geneva:
Global Health Estimates Technical Paper WHO.

WHO (2014) Methods and data sources for country level causes of death 2000 to 2012: Department of
Health Statistics and Information Systems WHO, Geneva,May 2014. Global Health Estimates Techni-
cal Paper WHO/HIS/HSI/GHE/20147.

WHO (2018) WHO methods and data sources for country-level causes of death 2000-2016. Global
Health Estimates Technical Paper WHO.

GBD (2015) Global Burden of Disease(GBD) 2015 Cause List. Seattle, United States: IHME.
IHME (2013) Global Health Data Exchange.

WHO (2016) International Statistical Classification of Diseases and Related Health Problems 10th
Revision.

UN.DESA (2012) World Population Prospects: The 2012 Revision.United Nations Department of Eco-
nomic and Socxial Affairs. http://esa.un.org/wpp/ retrived on March 2015.

Murthay PK (2005) A comparison of different methods for decomposition of changes in expectation of
life at birth and differentials in life expectancy at birth; Max Planck Institute. Demographic Research 12:
141-172.

Measure Evaluation (2015) M&E Learning Center: Lesson 5: Expectation of Life at Birth, Measure Eval-
uation https://training.measureevaluation.org/non-certficate-courses/mdlt/lesson-5 retrived on Mar
2015.

De Castro MC (2001) Changes in mortality and life expectancy: some methodological issues. Mathe-
matical Population Studies 9: 181-208.

Romeder J, McWhinnie J (1977) Potential years of life lost between ages 1 and 70: an indicator of pre-
mature mortality for health planning. International journal of epidemiology 6: 143—151. PMID: 892979

Abdulahi H, Mariam DH, Kebede D (2001) Burden of disease analysis in rural Ethiopia. Ethiop Med J
39: 271-281. PMID: 12380227

FMOH Ethiopia (2010) National expanded programme on immunization, comprehensive multi year plan
2011-2015, Addis Ababa, December, 2010.

WHO regional office for Africa (2016) Ethiopia Immunization

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, et al. (2012) Global and regional mortality from
235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of
Disease Study 2010. The Lancet 380: 2095-2128.

Wang H, Dwyer-Lindgren L, Lofgren KT, Rajaratnam JK, Marcus JR, et al. (2012) Age-specific and sex-
specific mortality in 187 countries, 1970-2010: a systematic analysis for the Global Burden of Disease
Study 2010. The Lancet 380: 2071-2094.

GBD 2013 Mortality and Causes of Death Collaborators (2015) Global, regional, and national age-sex
specific all-cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic analy-
sis for the Global Burden of Disease Study 2013. Lancet 385: 117—171. https://doi.org/10.1016/S0140-
6736(14)61682-2 PMID: 25530442

Fantahun M, Degu G (2004) Burden of diseases in Amhara region, Ethiopia. Ethiop Med J 42: 165—
172. PMID: 16895033

Misganaw A, Mariam DH, Araya T, Ayele K (2012) Patterns of mortality in public and private hospitals of
Addis Ababa, Ethiopia. BMC Public Health 12: 1-9.

Adazu K, Lindblade KA, Rosen DH, Odhiambo F, Ofware P, et al. (2005) Health and demographic sur-
veillance in rural western Kenya: a platform for evaluating interventions to reduce morbidity and mortal-
ity from infectious diseases. Am J Trop Med Hyg 73: 1151-1158. PMID: 16354829

Chapman G, Hansen KS, Jelsma J, Ndhlovu C, Piotti B, et al. (2006) The burden of disease in Zimba-
bwe in 1997 as measured by disability-adjusted life years lost. Trop Med Int Health 11: 660-671.
https://doi.org/10.1111/j.1365-3156.2006.01601.x PMID: 16640619

Smith D (1998) User’s Guide for Programm Survival 6.0.

PLOS ONE | https://doi.org/10.1371/journal.pone.0204395 October 3, 2018 14/15


http://www.moh.gov.et/factsheets
http://www.ncbi.nlm.nih.gov/pubmed/8062401
http://esa.un.org/wpp/
https://training.measureevaluation.org/non-certficate-courses/mdlt/lesson-5
http://www.ncbi.nlm.nih.gov/pubmed/892979
http://www.ncbi.nlm.nih.gov/pubmed/12380227
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
http://www.ncbi.nlm.nih.gov/pubmed/25530442
http://www.ncbi.nlm.nih.gov/pubmed/16895033
http://www.ncbi.nlm.nih.gov/pubmed/16354829
https://doi.org/10.1111/j.1365-3156.2006.01601.x
http://www.ncbi.nlm.nih.gov/pubmed/16640619
https://doi.org/10.1371/journal.pone.0204395

@° PLOS | ONE

Life expectancy decomposition

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.
46.

Gates S HH, Nygard HM, Strand H. (2012) Development consequences of armed conflict. World Devel-
opment 40: 1713-1722.

Plumper T NE (2006) The unequal burden of war: The effect of armed conflict on the gender gap in life
expectancy. International organization 60: 723-754.

Li Q, & Wen M (2005) The immediate and lingering effects of armed conflict on adult mortality: a time-
series cross-national analysis. Journal of Peace Research 42: 471-492.

Knight;, Malcolm;, Norman L, Delano V (1996) The Peace Dividend: Military Spending Cuts and Eco-
nomic Growth." World Bank Policy Research Working Paper 1577 (1996). Social Science Research
Network.

Mintz A, Stevenson RT (1995) Defense Expenditures, Economic Growth, and The "Peace Dividend": A
Longitudinal Analysis of 103 Countries. Journal of Conflict Resolution 39: 283-305.

Liu L, Johnson HL, Cousens S, Perin J, Scott S, et al. (2012) Global, regional, and national causes of
child mortality: an updated systematic analysis for 2010 with time trends since 2000. The Lancet 379:
2151-2161.

Lozano R, Wang H, Foreman KJ, Rajaratnam JK, Naghavi M, et al. (2011) Progress towards Millennium
Development Goals 4 and 5 on maternal and child mortality: an updated systematic analysis. The Lan-
cet 378:1139-1165.

Bhutta ZA (2012) Global child survival: beyond numbers. The Lancet 379:2126-2128.

Timeeus IM, Jasseh M (2004) Adult mortality in sub-Saharan Africa: Evidence from demographic and
health surveys. Demography 41: 757-772. PMID: 15622953

Ngoc NTN, Merialdi M, Abdel-Aleem H, Carroli G, Purwar M, et al. (2006) Causes of stillbirths and early
neonatal deaths: data from 7993 pregnancies in six developing countries. Bulletin of the World Health
Organization 84: 699-705. PMID: 17128339

World Life Expectancy (2014) World Life Expectancy Live Longer live Better.

FMOH (2015) Health Sector Transformation Plan. Addis Ababa, Ethiopia: The Federal Democratic
Republic of Ethiopia Ministry of Health.

PLOS ONE | https://doi.org/10.1371/journal.pone.0204395 October 3, 2018 15/15


http://www.ncbi.nlm.nih.gov/pubmed/15622953
http://www.ncbi.nlm.nih.gov/pubmed/17128339
https://doi.org/10.1371/journal.pone.0204395

