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Abstract

Background: Disability-adjusted life years (DALYs) provide a summary measure of health and can be a critical input
to guide health systems, investments, and priority-setting in Ethiopia. We aimed to determine the leading causes of
premature mortality and disability using DALYs and describe the relative burden of disease and injuries in Ethiopia.

Methods: We used results from the Global Burden of Diseases, Injuries, and Risk Factors Study 2015 (GBD 2015) for
non-fatal disease burden, cause-specific mortality, and all-cause mortality to derive age-standardized DALYs by sex
for Ethiopia for each year. We calculated DALYs by summing years of life lost due to premature mortality (YLLs) and
years lived with disability (YLDs) for each age group and sex. Causes of death by age, sex, and year were measured
mainly using Causes of Death Ensemble modeling. To estimate YLDs, a Bayesian meta-regression method was used.
We reported DALY rates per 100,000 for communicable, maternal, neonatal, and nutritional (CMNN) disorders,
non-communicable diseases, and injuries, with 95% uncertainty intervals (Ul) for Ethiopia.

Results: Non-communicable diseases caused 23,118.1 (95% Ul, 17,124.4-30,579.6), CMNN disorders resulted in
20,200.7 (95% Ul, 16,532.2-24,917.9), and injuries caused 3781 (95% Ul, 2642.9-5500.6) age-standardized DALYs
per 100,000 in Ethiopia in 2015. Lower respiratory infections, diarrheal diseases, and tuberculosis were the top
three leading causes of DALYs in 2015, accounting for 2998 (95% UI, 2173.7-4029), 2592.5 (95% UI, 1850.7-3495.1), and
2562.9 (95% Ul, 1466.1-4220.7) DALYs per 100,000, respectively. Ischemic heart disease and cerebrovascular disease
were the fourth and fifth leading causes of age-standardized DALYs, with rates of 2535.7 (95% Ul, 1603.7-3843.2) and
2159.9 (95% UI, 1369.7-3216.3) per 100,000, respectively. The following causes showed a reduction of 60% or more
over the last 25 years: lower respiratory infections, diarrheal diseases, tuberculosis, neonatal encephalopathy, preterm
birth complications, meningitis, malaria, protein-energy malnutrition, iron-deficiency anemia, measles, war and legal
intervention, and maternal hemorrhage.

(Continued on next page)

* Correspondence: awoket@uw.edu

YInstitute for Health Metrics and Evaluation, University of Washington, Seattle,
USA

Full list of author information is available at the end of the article

- © The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
() B|°Med Central International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12963-017-0146-0&domain=pdf
http://orcid.org/0000-0002-3949-9457
mailto:awoket@uw.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Misganaw et al. Population Health Metrics (2017) 15:28

Page 2 of 16

(Continued from previous page)

should be conducted to support health policy in Ethiopia.

disorders, Non-communicable diseases, Injuries, Ethiopia

Conclusions: Ethiopia has been successful in reducing age-standardized DALYs related to most communicable,
maternal, neonatal, and nutritional deficiency diseases in the last 25 years, causing a major ranking shift to
types of non-communicable disease. Lower respiratory infections, diarrheal disease, and tuberculosis continue
to be leading causes of premature death, despite major declines in burden. Non-communicable diseases also
showed reductions as premature mortality declined; however, disability outcomes for these causes did not
show declines. Recently developed non-communicable disease strategies may need to be amended to focus
on cardiovascular diseases, cancer, diabetes, and major depressive disorders. Increasing trends of disabilities
due to neonatal encephalopathy, preterm birth complications, and neonatal disorders should be emphasized
in the national newborn survival strategy. Generating quality data should be a priority through the development of
new initiatives such as vital events registration, surveillance programs, and surveys to address gaps in data. Measuring
disease burden at subnational regional state levels and identifying variations with urban and rural population health

Keywords: Disability-adjusted life years, Communicable disease, Maternal and neonatal disease, Nutritional deficiency

Background

Like many other countries in sub-Saharan Africa,
Ethiopia is a country of diverse cultures, traditions, and
histories [1]. In spite of its ancient civilizations, Ethiopia
is still one of the least developed countries, with low de-
velopment indicators; according to The World Bank
report, Ethiopia’s GNI was 590 USD per capita in 2015 [2,
3]. Following its economic progress in the last decades,
Ethiopia anticipates joining the category of lower-middle-
income countries by 2025, and upper-middle-income
countries by 2035 [4]. The pyramidal age structure of the
population has remained predominately young, with
44.9% under the age of 15 years, and over half (52%) of
the population between the ages of 15-65 years; 3% of the
population was over the age of 65 years [5]. The total
population for Ethiopia in 2015 was estimated at 90 mil-
lion [2]. The average fertility trend in recent years has
shown significant decline from the 2000 level of 5.5 births
to 4.6 births per woman in 2015, but is still nearly twice
the world average [6, 7].

In 2015, the Ethiopian health sector finalized its 20-
year National Health Sector Development Program
(HSDP), focusing on decentralizing and expanding the
primary health care system, and encouraging the partici-
pation of non-governmental partners [1, 8]. During the
20-year period, the country has shown remarkable pro-
gress implementing high-impact health interventions
through its flagship community-focused program known
as the “Health Extension Program” [8]. For instance,
under-5 mortality has decreased by two-thirds, [9] and
the maternal mortality ratio decreased from 708 in 1990
to 497.4 in 2013 [10]. Moreover, the estimated average
life expectancy at birth increased from 45.5 years in
1990 to 61.7 years in 2013 [11].

Following the HSDP, in 2015, Ethiopia started to
implement the Health Sector Transformation Plan

(HSTP), a five-year strategic plan to improve the
quality and equity of health services and universal
health coverage [2].

Obtaining reliable data to measure the progress made
with the previous HSDP plan and set benchmarks for
HSTP, however, is challenging for Ethiopia. As a result,
in setting policy framework and envisioning targets, the
country has used different scenarios from lower-middle-
and upper-middle-income countries [2]. In order to
bridge the gaps in data, new country initiatives have
been undertaken, including improving the flow of infor-
mation in the HSTP and creating a vital events registra-
tion system; however, these initiatives may not be fully
functional for some time [2, 7, 11, 12]. Currently, the
existing data sources on mortality, morbidity, and health
risk factors are fragmented and are not systematically
analyzed locally, creating difficulties when describing key
performance indicators [13]. Meanwhile, estimating the
summary measures of health loss is essential in guiding
health systems and investments, and setting priorities,
especially when considering non-fatal consequences of
acute and chronic diseases and injury [14]. Disability-
adjusted life years (DALYs) are a summary measure that
combines mortality, morbidity, and disability to measure
population health [15]. This metric describes the causes
and drivers of mortality and morbidity in order to be
able to identify successes, unmet needs, and potentially
unrecognized emerging threats to population health
[16].

The Global Burden of Diseases, Injuries, and Risk Fac-
tors Study 2015 (GBD 2015) provides the most compre-
hensive source of DALY estimates for 195 countries,
including Ethiopia [15, 17]. We used GBD 2015 to
examine the burden of diseases and injuries from 1990
to 2015 in Ethiopia. We have demonstrated the ranks of
causes of age-standardized DALYs and the shift in ranks
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of different causes and described the relative burden of
communicable, maternal, neonatal, and nutritional dis-
orders (CMNN), non-communicable diseases, and injur-
ies. The findings will help measure the performances of
HSDP as well as set benchmarks and track HSTP pro-
gress in Ethiopia.

Methods

Data sources

GBD 2015 data were used to analyze DALYs for
Ethiopia. GBD uses all available data sources, meeting
quality criteria and rigorous analysis to estimate DALY
rates for 195 countries [16]. About 171 site-years of
cause of death data sources were used for Ethiopia to
provide national estimates, of which 70 were nationally
representative and 52 represented subnational locations
in Ethiopia. About 102 site-year data sources included
sibling history data, and 63 site-year data sources used
verbal autopsy data collection techniques [17]. For non-
fatal health outcome estimation, 489 site-year data
sources were used to generate national estimates for
Ethiopia. National representativeness was reported for
87 site-year non-fatal health outcome data sources, and
339 site-year data sources have unknown representative-
ness. Data were relatively scarce for Ethiopia. In this
case, GBD uses two more approaches to estimate cause
of death: identifying covariates for each cause and bor-
rowing strength from region and super-region in the
modeling process [18]. Approximately 881 site-year co-
variate data sources were used, from which 343 site-
years of data were nationally representative; the
remaining 538 were reported unknown. The full details
of data sources can be found in the supplementary
appendix [15].

Modeling

Years of life lost due to premature mortality (YLLs) and
years lived with disability (YLDs) were used to calculate
DALYs for the complete time-series 1990 to 2015
[16]. The GBD approach to estimate YLLs and YLDs
has been described in previous GBD publications [19,
20]. YLLs were computed by multiplying numbers of
deaths from each cause, in each age group, by the
reference life expectancy in order to measure the gap
between mortality rates and the reference life expect-
ancy [21]. YLDs were computed by multiplying the
prevalence of the condition with its corresponding
disability weight [22]. DALYs are the sum of YLLs
and YLDs [23, 24].

Causes of death by age, sex, and year were measured
primarily by using cause of death ensemble modeling
(CODEm) [11]. A detailed description of CODEm is re-
ported in previous GBD publications [11, 23]. In brief,
CODEm tests a wide range of models, such as mixed
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effects linear models and spatiotemporal Gaussian
process regression (ST-GPR) models, and constructs an
ensemble model based on the performance of the differ-
ent models [23]. Out-of-sample predictive validity tests
were used to select the ensemble model to estimate
morality rates [23].

To estimate YLDs, GBD 2015 used a Bayesian meta-
regression method, DisMod-MR 2.1. It was designed to
address statistical challenges in the estimation of non-
fatal health outcomes, and for the synthesis of sparse
and heterogeneous epidemiological data. The sequence
of estimation occurs at five levels: global, super-region,
region, country, and, where applicable, subnational loca-
tions. At each level of the cascade, the DisMod-MR 2.1
computational engine enforces consistency between all
disease parameters [20]. For some of the diseases, nat-
ural history models, geospatial models, back-calculation
models, or registration completeness models were used.
Disability weights for 2337 sequelae of the 310 diseases
and injuries were used to capture the severity of health
loss. YLDs by cause at age, sex, country, and year levels
were adjusted for co-morbidity with simulation methods
(19, 24].

Interpretation of the results

We followed GBD categorization of diseases and injuries
to present and interpret the results. GBD uses a hier-
archy of causes that organizes 306 diseases and injuries
into four levels of categories [15]. The first level shows
three broad categories: communicable, maternal, neonatal,
and nutritional (CMNN) disorders; non-communicable
diseases (NCDs); and injuries. Level 2 has 21 mutually
exclusive and collectively exhaustive categories; Levels 3
and 4 have 164 and 255 categories, respectively [15]. We
present the results in terms of age-standardized DALY,
YLD, and YLL rates with 95% uncertainty intervals (UI)
[11, 14]. We report positive and negative percentages to
show changes from 1990 to 2015.

Results

Age-standardized disability-adjusted life years (DALYs)
The disease burden measured in DALYs for CMNN dis-
eases, non-communicable diseases, and injury categories
from 1990 to 2015 for both sexes and all ages in Ethiopia
is shown in Table 1 and Fig. 1.

All-cause age-standardized DALYs per 100,000 were
47,099.8 (95% UI, 36,546.7-60,314.2) in 2015. Of this
total, CMNN disorders caused 20,200.7 (95% UI,
16,532.2-24,917.9), NCDs caused 23,118.1 (95% UI,
17,124.4-30,579.6), and injuries caused 3781 (95% UI,
2642.9-5500.6) of the DALYs (Fig. 1). The percentage
contribution of CMNN diseases to total age-standardized
DALYs declined from 56% in 1990 to 43% in 2015, while
that of NCDs increased from 32% to 49% during the same



Page 4 of 16

Misganaw et al. Population Health Metrics (2017) 15:28

%86~
%Ly—

%€E5—
%LS—

%6—

%€

%le—

%S—
%lc—
%SS—
%YrS—

%67 —

%vv—

%CE—
%97 —
%L~

%CS—
%69—

%CL—
%YL~
%CS—

abueyd
%

(£€51-£'€9) 9'L0L
(6'clyl—C8e) 8°58L

(L€ese
-G0€gS1) £€640¢C

(8'80€1-C0CS) €818

(610t
=/'S190) L'€ehe

(S¥/61-6901) 8'L/YL
(zo00€
~1¥8S1) ¥'Z61T

(888C—€€91) S€Cle

(Leerl-v'L€8) TOLLL
(9£8S1-6C€L) L¥601L

(€S1€1-8'89%) 018

(ISLSL-€¥¥8) Seell

(€6056
-9/0T) 6'L5%9

(€'lzes
—C/S81) L't6LE

(F09rL-1'879) £€86
(8961-97CS6) £S8¢EL

(8'seLe
—6'€/80) L'96C€

(598£1-9°£L¢) L0£8

(9G7C-1'8€8) /€€ L

(I'60€'01
—/TL19) §€S6/

(86019
—L'T60€) SELYY

Sl0¢

(€€60'L L=C'TL90) £€6¥9
(C€91T-L096) €5€€L

(8'0695-6'80€€) 9Ty
(Fevlc—v£TCl) 0€89L

(€'898¥-6'5987) €55L€
(¢681-50v0L) €L
(S'/8LE~¥8¥97) SP8LE

(S667-L¥EL1) TOEET
@FLLL=6CLL) LELYL
(SY1L0E-+9207) 6'€57T
(Fevlz-1'86el) 6'1LLL
(€85¢-50¢61) 8'17CT

(€veee’l
—-G'86/6) 1'855'L1

('6€55-5"€06€) £'9/9%
(L€18C-C9v0L) 82081
(6's¥6/-8'€887) £6005

(L6€4L-G1€8S) L9189
(STSPE-1'9¥07) T'799T

(C06£4-958L0) 6'8LLY
(9€08'8¢
—-6'9%1'97) ¥¥60'LE

(F¥18'LL=/1089) ¥£76

0661

%9/~
%€ 1~

%61—
%€ L~

%C

%Y

%C—

%L—
%~
%LE—
%8—

%EC—

%6

%L~
%~
%95—

%6¢
%CL—

%8—
%~
%SC—

abueyd
%

(FlEL-88Y) 518
(F'8L—-66) ¥l

(L'evL——9C0p) 8£SS
(€8y—L5T) €9¢

(L¥L0€
~1G1) 9€81¢

(€ev6l
~'9r01) €6vL
(6766-TErS) 1'6SL

(F'leLt
—9rSl) SLELT

(vS8-£0Th) £'129
(v67-6€1) 20T
66-9) L

(C¥8¥-987) 6'L8€

(€€0L-67LE) TLTS

(L¥r1-59%) TS8
(€8LL-C9) LT,
(9£45-¥'597) €O

(lze-£s8) LEL
(€9-91¢) €5¥

(5£607-9£5) 95501

(C/8v—L097) S¥9¢

(leeg-1el) gLl

Sl0¢

(9'199-1'851) O¥E
(€1z-911) 9L

(C9l6—C¢6) 989
(§55-6'60) L'L¥

(£810¢
—'S8Yl) LSELT

(€898l
~7'9001) 96¢1

(0Z01-1'8%S) 899/

(cyl8e
—C9/51) 991¢

(6:098—19¢¥) £9€9
(66/¥-817) €12€
(£L01-S6) 8L

(8/€9-¥/5) 861

(959-€'9%€) v'¥8Y

(6¥71-9%9) ¢6
(VLE1-T09) 66
(9LLEL=5909) 9016

(€891-/'€9) 1901
(L¥2z=9TL1) ¥91
(6:0981

~L€1L) 8EPLL
(£0£9-6'7€€) €89F

(S'Lye-89¥L) 06CC

0661

%001—
%lLy—

%09—
%S~

%EC—

%Lc—

%Ly—

%Ly—
%9¢—
%85~
%S~

%95—

%9 —

%CE—
%Ly~
%9L—

%ES—
%69—

%C6—
%S/~
%€S—

abueyd
%

(6'9€-19) 1'0C
(U'E0vL-vTy) 8'14L

(€8¥ee
~6101) §/151

(8°0LC1-¥'S8Y) 8L

(l'zeol
—¥'SL) SeeTl

(€v-11) ¥'ee

(rocee
—CT68) €LEYL

(L€91-1P) 198
(905/-6'81€) G L6V
(€SLEL-L0VS) TL88
(690€L-29%) £'208

O¥rLL-€/9%) LS/

(Ce668
—7'989¢€) £'0£65

(9¢1s
~-G'8//1) 6901€

(8'S/E1-1'£55) 9016
(FOrS1-92L9) ¥'€86

(Ts65¢
—[TLT) L'6S1E

(L'Tr/1-80€€) ¥'S8L

(L6vr—£691) 8'18C

(Cse66
-/'66/5) 685/

(6'£26S
-£9€60) L0y

§l0c

(6ogL0L
—-8'85¢0) €€S19

(C0Slz-61r6) ToLEL

(LTr6r—1€59C) 99LL€E

(POLZ-5'S8LL) ¥'1¥9L

(191¥7-9686) 96191

(6's€-¥'17) €8¢

(€856C-6'SL61) LL1¥T

(897c-/8L1) 9€9L
(9986-1'£65) €111
(67€92-0vL1) 99T1T
(Selz-106€l) #9/1

(L'6¥0T—L'1E7L) L'LTLL

(8'868'CL
-1'€6€6) 9€L0'L L

(L' €v7S-9'878¢E) L85y
(F'£0/T-S156) 61 LLL
(CTT69-C£100) L8601

(§°£€9/-6%€/5) 90L/9
(F'66C€-90881) T86¥C

(SLLY9-TPE'LL) 1'SE9E

(08€'8€-££9'57) 979'0€

(9909'L L=5'9099) S006

0661

1915esIp pue Jep

9OU9|OIA pue Wiey-j|eS

saun(ul jeuonuaUIUN
saunful podsues|

SosessIp
9|gesiunwwod-uou IsylQo

SI9PIOSIP [e19]2%50NISNIA

$3583SIP SULDOPUS pue
'poo|q ‘[eyuaboin ‘sa12qeIq

siaplosip
95N 29dUEISCNS PUe [PIUBA

s19plosip [ed16ojoINaN
s9seasIP 9ANSabIg
sisoyuD

s95RIS|P

Aoyesidsal duoiyd

S9SeasIP JejndseAoiplen)

suise|doaN

595e3sIP NNIAD 12410
S2IDUIDLIP [RUOIIIANN

SISPIOSIP [e1eUODN

SI9PIOSIP [eUIDIBN

euejew pue saiN

SI9Y10/I1/e3yeI]

SIS0n2Jagny pue SAIV/AIH

sa1el AVQ paziplepuels-aby

sa1el QA pazipiepueis-aby

sa1el TIA Pazipliepuels-aby

saunful pue ssessig

$107-0661 ‘eidoiyig uj sapoba1ed

ago peoiq yum sdnoib abe |je pue saxas y1oq 1o} saidoad 000’001 4od 91el SATYQA Pue ‘SQIA 'STIA pazipiepueis-aby L ajqel



Misganaw et al. Population Health Metrics (2017) 15:28

Page 5 of 16

70000.0

60000.0

000

=~ 50000.0

40000.0

30000.0

20000.0

Age-standerdized DALY rate per 100

10000.0

1990 1995

Ethiopia, 1990-2015

B CMNN diseases

0.0 ‘Ii I‘i “i |‘i ‘Ii ili

2000
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period (Fig. 2). Age-standardized DALYs per 100,000 from
all-cause mortality declined from 1990 to 2015: rates of
DALYs caused by CMNN diseases declined from 61,403.3
to 20,200.7, DALY rates from NCDs declined from
34,790.3 to 20,200.7, and DALY rates due to injuries from
13,974.2 to 3781.0 (Fig. 1). The decreasing trend of DALY
rates over the years for the three broad categories contin-
ued with respect to age-standardized YLL rates, but the
same was not true for YLDs (Figs. 3, 4, and 5). Between
1990 and 2015, the contribution of age-standardized YLD
rates respective to DALY rates was higher for NCDs com-
pared to YLD rates due to CMNN diseases or injuries. In
2015, YLD rates contributed 36% of the total DALYs for
NCDs, and the rate was constant over the years.

Diarrhea, lower respiratory infections, and other infec-
tions combined caused 7953.5 (95% UI, 6112.7-10,309.1)
age-standardized DALYs per 100,000 in 2015. The age-
standardized DALY rate for HIV/AIDS and tuberculosis
combined was 4413.5 (95% Ul, 3092.7-6109.8), and neo-
natal disorders caused 3296.7 (95% UI, 2873.9-3735.8)
DALYs per 100,000 (Table 1).

Cardiovascular diseases and neoplasms caused 6457.9
(95% UL, 4207.6-9509.3) and 3192.1 (95% UI, 1857.2—
5221.3) DALYs per 100,000, respectively (Table 1). Unin-
tentional and transport injuries caused 1214.6 (95% UI,

1017.4-1418) and 818.3 (95% Ul, 520.2-1308.8) DALYs
per 100,000, respectively (Table 1).

From 1990 to 2015, all causes of DALYs except mus-
culoskeletal disorders showed declines, with a major re-
duction of age-standardized DALYs occurring within
CMNN group causes (Table 1). Age-standardized DALY
rates from diarrhea, lower respiratory infections, and
other infections collectively declined by 74%, the YLL
rate declined by 75%, and the YLD rate declined by 22%
during the 25-year period.

The combined age-standardized DALY rate from HIV/
AIDS and tuberculosis declined by 52% (Table 1), and
the reduction followed the YLL rate pattern of 53% more
closely than the YLD rate decline of 25%. The age-
standardized DALYs per 100,000 from cardiovascular
diseases and neoplasms showed 44% and 32% reduc-
tions in rate between 1990 and 2015, respectively.
The reduction in cardiovascular diseases and neo-
plasms was mainly from YLL rates, whereas the YLD
rates showed only a 7% reduction for neoplasms and
a 9% increase for cardiovascular diseases. Uninten-
tional injury declined by 53% and transport injury by
51% (Table 1). The YLL rate reduction was high for
transport and unintentional injuries compared with
their YLD rates.
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Ranks of specific diseases with their age-standardized
DALY rates and percentage changes between 1990 and
2015 are shown in Fig. 6. The top 20 leading causes of
age-standardized DALYs accounted for 59% of the total
DALYs in Ethiopia. Lower respiratory infections, diarrheal
diseases, and tuberculosis were the top three leading

causes of DALYs, accounting for 2998 (95% UI, 2173.7—
4029), 2592.5 (95% UI, 1850.7-3495.1), and 2562.9 (95%
Ul 1466.1-4220.7) per 100,000, respectively (Fig. 6). Is-
chemic heart disease and cerebrovascular disease were the
fourth and fifth leading causes of age-standardized DALY
rates, with 2535.7 (95% UI, 1603.7-3843.2) and 2159.9
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(95% UI, 1369.7-3216.3), respectively. HIV/AIDS was the
sixth leading cause of DALYs, followed by diabetes melli-
tus and major depressive disorders.

Between 1990 and 2015, there was shifting in ranks of
disease types as certain non-communicable diseases
joined the top 20 causes, replacing most CMNN causes.
For example, measles, protein-energy malnutrition, and
malaria were among the top causes of age-standardized
DALYs in 1990 but not in 2015, as diabetes, low back
pain, and major depressive disorders ranked in the top
10 in 2015. Between 2005 and 2015, HIV/AIDS burden
decreased by 78% (Figs. 7, 8 and 9).

The top 30 leading causes of age-standardized DALY
rates showed reductions from 1990 to 2015 except low
back pain and sense organ diseases, as shown in Fig. 6.
Significantly larger reductions occurred in the first three
leading causes of DALYs: lower respiratory infections

decreased by 65%, diarrheal diseases decreased by 76%,
and tuberculosis decreased by 66% (Fig. 6). Ischemic
heart disease declined by 38% and cerebrovascular dis-
ease by 47% (Fig. 6). As presented in Fig. 6, most non-
communicable diseases in the 20 leading causes of
DALYs generally showed lower percentage declines com-
pared to CMNN diseases between 1990 and 2015. The
following causes showed reductions of 60% or more:
lower respiratory infections, diarrheal diseases, tubercu-
losis, neonatal encephalopathy, preterm birth complica-
tions, meningitis, malaria, protein-energy malnutrition,
iron-deficiency anemia, measles, war and legal interven-
tion, and maternal hemorrhage (Fig. 6).

The contribution of age-standardized YLL and YLD
rates to DALYs varies by diseases types over time. For
example, the reduction in age-standardized DALYs
from ischemic heart disease from 1990 to 2015

20000

Age-standardized rate per 100,000
=
o
o
o
o
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Fig. 5 Levels of age-standardized YLLs, YLDs and DALYs per 100,000 people due to injuries for both sexes and all age groups in Ethiopia, 1990-2015
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Rank,199d Disorder,1990 DALYs per 100,000
1 [Diarrheal diseases 10794.7(7266.2-13746.1)
2 |Lower respiratory infections 8683.6(5702-10942.6)
3 |Tuberculosis 7642.2(5246.6-10078.8)
4 |Measles 6726.2(385.6-22681.4)
5  |Collective violence and legal interver|6493(2672.1-11093.2)
6  |Cerebrovascular disease 4087.3(3396.7-4848.7)
7 |Ischemic heart disease 4065.3(3414.8-4827.6)
8  |Protein-energy malnutrition 3196.8(1296.1-5798.5)
9 |Malaria 3014.5(1244.5-5810.1)
10 |Meningitis 2852.7(1677.5-4256)
11 [Neonatal encephalopathy 1973.4(1120-2977.6)
12 [Neonatal preterm 1868.7(1014.1-2681)
13 |Other cardiovascular diseases 1659.6(1350.6-2015.7)
14 Road injuries 1609.8(1170-2062.4)
15  [HIV/AIDS 1591.8(862.1-2711.2)
16  |Diabetes mellitus 1414.7(1160.2-1687.8)
17  |Congenital birth defects 1413.7(827.1-2171.7)
18  |Iron-deficiency anemia 1408(1030-1869.3)
19  |Maternal hemorrhage 1336.4(943.3-1827.9)
20  |Other neonatal disorders 1317.6(485.2-26%.1)
21 |Sense organ diseases 1245.9(880.1-1695.4)
2 |Asthma 1196.5(791.5-1618.1)
23 |Neonatal sepsis 1183.7(512.6-2317.3)
24 |STl excluding HIV 1161.6(550.2-1992.1)
25  |Depressive disorders 1080.5(743.2-1451.3)
26 |Low back and neck pain 1057.4(757.6-1417.7)
27 |Hypertensive heart disease 1048.4(744.8-1440.1)
28 |Chronic obstructive pulmonary diseaq883.3(575.4-1253.2)
29 |Skin and subcutaneous diseases  [870.3(626.4-1214.2)
30 Falls 846.2(655.8-1063.8)
CMNN disease
Non-communicable diseases
Injuries

Fig. 6 Ranks of causes of age-standardized DALYs per 100,000 for both sexes and all age groups in Ethiopia, 1990-2015

Rank,2015 |Disorder, 2015 DALYs per 100,000 | 1990- 2015, DALYs % change
1 |Lower respiratory infections [2998(2173.7-4029) -65%
2 |Diarrheal diseases 2592.5(1850.7-3495.1) -76%
3 |Tuberculosis 2562.9(1466.1-4220.7) -66%
4 |Ischemicheart disease 2535.7(1603.7-3843.2) -38%
5 |Cerebrovascular disease 2159,9(1369.7-3216.3) -47%
6 HIV/AIDS 1850.6(1419.7-2247.1) 16%
7 [Sense organ diseases 1273(901.9-1728.2) 2%
8  [Congenital birth defects 1112(580.8-1490.5) -21%
9  [Diabetes mellitus 1105.7(781.8-1516.3) -22%
10 |Low back and neck pain 1094.7(779.8-1480.7) 4%
11 |Depressive disorders 1056.1(729.1-1434.6) -2%
12 |Neonatal encephalopathy ~ |1030.7(612.1-1512.2) -48%
13 [Meningitis 985.1(686.1-1381.7) -65%
14 |Other cardiovascular and circy818.7(546.1-1215.9) -51%
15 [Skin diseases 817(575.5-1159.9) -6%
16 |Roadinjuries 783.3(498.3-1260.2) -51%
17 |Neonatal preterm 771.1(445.5-1150.3) -59%
18  |Neonatal sepsis 749.4(352.9-1306.5) -37%
19 |STlexcluding HIV 739.9(410.8-1212) -36%
20  [Protein-energy malnutrition [676.2(381.3-1143.5) -719%
21 |Otherneonatal disorders  [626.6(238.2-1250.5) -52%
22 [Other neoplasms 621.3(307.3-1157) -18%
23 |Iron-deficiency anemia 588.9(402.3-811.1) -58%
24 |Hypertensive heart disease |575.3(305.5-1154.6) -45%
25 |Falls 545.8(407.3-726.4) -35%
26 |Asthma 539.8(370-762.6) -55%
27 |Chronic obstructive pulmonar|508.9(335.8-766.7) -42%
28 |Measles 429.2(14.5-2168.2) -94%
31 [Maternal hemorrhage 390.3(160.1-882.7) -71%
86 |Collective violence and legal i  101.1(63.4-152.3) -98%
59  |Malaria 154.4(103.2-226.2) -95%
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Fig. 7 Levels of age-standardized YLLs, YLDs, and DALYs per 100,000
people due to HIV/AIDS for both sexes and all age groups in
Ethiopia, 1990-2015

followed the YLL rate, declining by 39%, while the
YLD rate increased by 16%. The age-standardized
DALY rate due to cerebrovascular disease followed
the same pattern as its YLL rate; however, the YLD
rate increased by 21%. The same is true for diabetes
and congenital birth defects (Table 2). Similarly, the
age-standardized DALY rate for neonatal disorders
decreased, following the YLL rate pattern, as the YLD
rate increased. Neonatal encephalopathy showed a
50% decrease in the age-standardized YLL rate and a
30% increase in the YLD rate. Similarly, neonatal pre-
term birth complications showed a 60% decrease in
the DALY rate, while the YLD rate increased by 38%
between 1990 and 2015 (Table 2). The rate of decline
in DALYs per 100,000 was mainly due to a decrease
in YLLs rather than YLDs, similar to the leading
causes, lower respiratory infections, diarrheal diseases,
and tuberculosis.
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Discussion

Comparing point estimates for Ethiopia in 2015, age-
standardized DALY rates caused by non-communicable
diseases were higher than those due to CMNN diseases.
Between 1990 and 2015 there was a larger decrease in
the DALY rate from CMNN diseases than from non-
communicable diseases between 1990 and 2015. The
higher reduction of DALY rates due to CMNN disorders
occurred following a major decline in premature mortal-
ity rates, as measured in age-standardized YLL rates;
however, the reduction of the age-standardized YLD rate
was minimal. Although the reduction in age-standardized
YLL rates caused non-communicable disease DALYs to
decline, the YLD rates did not decline proportionally.
Overall, the YLD rate contribution to total DALYs was

high, resulting in minimal reduction in DALYs caused by
non-communicable diseases over the 25-year period.
There are two possible explanations for the current bur-
den of non-communicable diseases in Ethiopia. The first
possibility is that the burden from non-communicable dis-
eases has truly increased and become highly prevalent in
urban settings due to behavior and lifestyle changes. The
other, however, postulates that non-communicable dis-
eases were existing problems and became more visible
with a greater reduction in CMNN diseases, increased
population size, and/or aging. The findings in this paper
could help to elucidate both possibilities; the absolute
number of DALYs due to non-communicable diseases has
increased and DALYs due to CMNN diseases decreased;
age-standardized DALYs, after controlling for population
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Fig. 9 Levels of age-standardized YLLs, YLDs, and DALYs per 100,000 people due to major depression for both sexes and all age groups
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growth and aging, decreased over the 25 years in both
categories.

Age-standardized DALYs due to non-communicable
diseases declined slowly compared to CMNN diseases;
the YLD rate of non-communicable diseases was stable
over the last 25 years in Ethiopia. This could support the
fact that non-communicable diseases were not among
the country’s priorities as national strategies and action
plans were not in place until 2010 [25]. Moreover, the
age-standardized DALY rate reduction for CMNN dis-
eases was mainly driven by decreases in lower respira-
tory infections, diarrheal diseases, tuberculosis, measles,
malaria, protein-energy malnutrition, and others. These
findings support the direction and investment of the
health sector development plan in achieving the Millen-
nium Development Goals (MDGs) and other CMNN
disease targets for the last 25 years [1]. The plan appears
to be successful in reducing the burden of most CMNN
diseases and may address certain non-communicable
diseases with infectious disease origin, such as rheumatic
heart disease.

The findings of this study supported the claim made
in other studies about the double burden of CMNN dis-
ease and non-communicable diseases occurring in the
process of epidemiologic transition in Ethiopia [26—29].
However, there could be variation across different geog-
raphies and populations within the country. A rural-
based study showed that CMNN diseases constituted
72% of the total DALYs and NCDs contributed 24% [30].
It is challenging to compare this estimate with GBD
findings as there are methodological, study population,
and other major differences.

More specifically, lower respiratory infections, diar-
rheal diseases, and tuberculosis have continued to be
the three leading causes of age-standardized DALY
rates in 2015 as in 1990, although they showed re-
markable decline over the last 25 years. In addition,
the following leading diseases showed a reduction of
60% or more between 1990 and 2015: meningitis,
malaria, protein-energy malnutrition, iron-deficiency
anemia, measles, and maternal hemorrhage. This re-
duction in the leading causes of DALYs occurred fol-
lowing a reduction in premature mortality, as the
YLD rate contribution to the total DALY rate was
less.

The level of DALYs due to HIV/AIDS increased until
2005 and then decreased until 2015. This pattern was
highly influenced by the disease’s level and ability to
cause premature mortality over the years. In 2000, dis-
ability caused by HIV/AIDS, as measured by the age-
standardized YLD rate, peaked at 323 per 100,000 people
and declined to 100 per 100,000 in 2015. However, this
result may not be uniform across the different geo-
graphic and sociodemographic population groups in
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Ethiopia. This requires improving equity and access to
antiretroviral therapy (ART) [31].

In contrast, age-standardized YLD rates caused by
neonatal disorders have increased over the years. For ex-
ample, rates of YLDs caused by neonatal encephalopathy
increased by 30%, and those caused by neonatal preterm
birth complications increased by 38% over the last
25 years. Although Ethiopia has achieved Millennium De-
velopment Goal 4 (MDG 4) of reducing child mortality,
reports showed that the decline in neonatal mortality was
not as impressive as that of infant and child mortality [32].
This implies that current national newborn survival strat-
egies, in the continuum of care approach, need to
prioritize the increasing trend of disabilities due to neo-
natal disorders in addition to premature mortality [32].

Except for the three leading causes of DALYs, the
other CMNN disease types that were leading causes in
the 1990s have been replaced by several non-
communicable diseases in 2015. The fourth and fifth
ranked causes of DALYs were ischemic heart disease and
cerebrovascular diseases. Both diseases caused increasing
rates of disability over the years. The same is true for
diabetes and congenital birth defects, as age-standardized
YLD rates increased between 1990 and 2015.

On the other hand, DALYs caused by major depressive
disorder were only from disability outcomes as measured
in age-standardized YLD rate, and that showed precisely
no change over the years. This finding might reflect the
fact that mental health was not in the priority national
health agenda until national mental health strategies
were developed in 2012 [33]. The integrated mental
health approach, which integrates mental health care
within existing primary care, needs to address the high
level of disabilities caused by major depressive disorder.

Implications of the findings for policies and practices
Primarily, the findings are useful for highlighting the
performance of the previous health sector development
plan and the MDGs, and to benchmark the health sector
transformation plan and the Sustainable Development
Goals at the country level [2, 34].

Improvements in common infectious diseases

Lower respiratory infections, diarrhea, and other com-
mon infectious diseases are still Ethiopia’s largest drivers
of premature death and disability as measured in DALY
rates; however, they are on the decline for all ages and
both sexes. The age-standardized DALY rate from these
diseases declined 74% between 1990 and 2015 (from
31,094 DALYs per 100,000 in 1990 to 7953 in 2015).
This decline has contributed to Ethiopia’s ability to
achieve MDG 4, reducing under-5 mortality by two-
thirds [13]. Many different types of interventions might
have impacted this decline: increased health service
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coverage and utilization for early detection and treat-
ment, community-based interventions under the flagship
of health extension workers, integrated management of
childhood illnesses, and increased childhood immuniza-
tions [35]. In spite of the ease with which these diseases
are preventable and treatable, the high rate of premature
deaths and disabilities due to common infectious dis-
eases is still unacceptably high in Ethiopia. There is a
need to scale up existing high-impact interventions,
especially in populations whose coverage lags behind the
target in skilled birth attendance and early postnatal
care, treatment interventions including oral rehydration
therapy and zinc, and antibiotics for pneumonia. There
is also a need to increase the coverage and utilization of
newly introduced interventions in the country, including
community management of childhood illness (pneumo-
nia, diarrhea, and malnutrition) neonatal sepsis, and
community-based nutrition, Interventions that improve
access to Haemophilus influenzae type b, pneumococcal,
and rotavirus vaccines, among others, could be imple-
mented to decrease the burden of these common infec-
tious diseases in Ethiopia [32].

Progress in combating HIV/AIDS, tuberculosis, and
malaria

Premature mortality and disability rates from malaria fell
drastically between 1990 and 2015, dropping 91% (from
1764 age-standardized DALYs per 100,000 in 1990 to
154 in 2015); however, HIV/AIDS and tuberculosis are
still Ethiopia’s leading drivers of premature mortality and
disability. Age-standardized DALY rates from HIV/AIDS
fell by 78% between 2005 and 2015 (from 8396 DALYs
per 100,000 in 2005 to 1850 in 2015), and the decline
followed the premature mortality rate trends. Country
progress reports indicate that HIV incidence has also de-
creased by 90% since 2005 [2].

The expansion of free antiretroviral treatment (ART)
since 2005 may have contributed to the reduction in
premature mortality rates in Ethiopia [36]. Some studies
also show that the decline in mortality among individ-
uals living with HIV/AIDS in Ethiopia is consistent with
ART uptake [36, 37]. However, the contribution of the
age-standardized disability rate (112 YLDs per 100,000)
to total DALYs was relatively small over the years com-
pared to premature mortality rates, and fell by 65% be-
tween 2005 and 2015. On the other hand, ART coverage
in adults (68%) and children (23%) is still very low in
Ethiopia, which contributes to premature mortality in
vulnerable populations [38]. Thus, improving universal
access to ART, retention of enrolled clients in treat-
ment services, and adherence to treatment are neces-
sary to reduce premature mortality from HIV/AIDS.
However, there is a need to seek strategies for the
sustainability of ART services in terms of funding for
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Ethiopia. Prevention activities need to continue with a
focus on geographic “hot spots” and most at-risk
populations.

Although the total age-standardized DALY rate for tu-
berculosis (TB) decreased 65% between 1990 and 2015,
TB caused higher premature death and disability rates in
2015 (2563 age-standardized DALYs rate per 100,000
people). According to the 2014 WHO report, the preva-
lence and incidence of all forms of tuberculosis were 211
and 224 per 100,000 people, respectively [39]. Ethiopia is
one of the countries that has a high burden of HIV/tu-
berculosis co-infection as well as multidrug-resistant
tuberculosis. About 13% of all new tuberculosis cases
were HIV co-infected, and of all tuberculosis patients
with known HIV status, about 11% were HIV co-infected
[39]. According to the national tuberculosis drug resist-
ance surveillance report, 2.3% of new tuberculosis cases
and 17.8% of previously treated tuberculosis cases were
estimated to be multidrug-resistant [39]. There is a need
to address tuberculosis/HIV co-infection and multidrug-
resistant tuberculosis in order to improve the premature
mortality rate from tuberculosis in Ethiopia. This can be
done by increasing tuberculosis case detection rate
(74%), treatment success rate (83%), and tuberculosis
cure rate (67%) [2].

Increasing importance of non-communicable diseases

In 2015 cardiovascular diseases, cancer, diabetes, and
mental and substance use disorders accounted for 30%
of the total disease burden in the country as measured
in age-standardized DALY rates. Cardiovascular diseases,
including ischemic heart disease, stroke, and hyperten-
sive heart disease, were Ethiopia’s second leading cause
of premature death and disability (6458 age-standardized
DALYs per 100,000). Cancer was the sixth leading cause
of premature death and disability in 2015 (causing 3192
age-standardized DALYs per 100,000). Cervical, liver,
breast, and esophageal cancers are some of the leading
drivers of poor health from cancer. Mental and sub-
stance use disorders, including major depression, were
the seventh leading cause of premature death and dis-
ability (2224 DALYs per 100,000). In 2015, diabetes was
the ninth leading cause of premature death and disability
(causing 1106 DALYs per 100,000). A large percentage
of these non-communicable diseases are preventable
through the reduction of the four main shared behav-
ioral risk factors, all of which are widely prevalent in
Ethiopia: unhealthy diet, the harmful use of alcohol, to-
bacco use, and lack of physical activity [2]. Up to 80% of
heart disease, stroke, and type 2 diabetes, and about
40% of cancers could be prevented by controlling
these risk factors [40]. These behavioral risk factors
lead to more formidable metabolic risk factors, in-
cluding high blood pressure, high blood glucose, high
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blood lipids, overweight, and obesity [32]. High preva-
lence of overweight, obesity, and associated high
blood pressure were also reported in urban areas of
Ethiopia [29, 41].

In light of high disease burden from cardiovascular
disease, cancer, diabetes, mental and substance use
disorders in Ethiopia, and their shared behavioral risk
factors, prevention and treatment interventions need to
be reinforced and put in place at different levels. The
impact of these diseases and their risk factors could
affect sectors beyond health, and the response requires a
multi-sectoral approach. The health, agriculture, trade
and industry, education, urban planning, and transport
sectors need to be nationally coordinated to provide a
multi-sectoral response against the leading non-
communicable diseases. Initiatives to establish cancer
treatment centers, services for cardiovascular disease,
and mental illnesses need to be strengthened [2].

Ethiopia has already ratified the WHO Framework
Convention on Tobacco Control (FCTC) and the
Protocol to Eliminate Illicit Trade in Tobacco in 2015
[42]; however, there is a need to develop implementa-
tion guidelines and regulatory mechanisms that can
enforce the convention. Reducing tobacco use by
establishing tobacco-free environments, increasing public
knowledge of the hazards of tobacco, and continuously in-
creasing taxes on the purchase and sale of tobacco prod-
ucts are recommended interventions in the convention.
There is also a need to develop and implement guidelines
on alcohol use in Ethiopia.

Health services for cardiovascular diseases, cancers,
and diabetes need to be integrated within existing pri-
mary health care and extended to secondary and tertiary
health facilities. Preventive efforts on cervical cancer
screening, hypertension screening, diabetes screening,
and HBYV vaccination need to be strengthened [2]. There
is also a need to involve the private sector and civic soci-
ety in delivering health services for cardiovascular dis-
ease, cancer, diabetes, and their risk factors. Besides,
institutional capacity developments and human resource
trainings, including pre-service and in-service trainings,
need to consider addressing the double burden of com-
mon infectious diseases (lower respiratory infections,
diarrheal disease), HIV/AIDS and tuberculosis, and
cardiovascular disease, cancer, and diabetes. The health
disparities between urban and rural populations and be-
tween subnational regional states and districts requires
further exploration to support public health policy at
each level.

Key investments for Ethiopia to reduce uncertainty

The 95% UI for premature death and disability estimates
varies by causes that positively or negatively affect health
policy debates and decisions for Ethiopia. The lack of
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data is reflected by wider uncertainty intervals. For ex-
ample, 95% uncertainty intervals for estimates of age-
standardized DALYs per 100,000 for lower respiratory
infection, diarrhea, HIV/AIDS, tuberculosis, and malaria
showed relatively better uncertainties. However, uncer-
tainties for cardiovascular disease, 6457.9 (95% UI,
4207.6-9509.3) and cancer, 3192 (95% UI, 1857.2—-5221.3),
estimates were massive, which could impact prioritization
and policy decisions. The uncertainties depend on the
availability and accuracy of data sources. Therefore, dis-
eases having wider uncertainty intervals require key
investments to generate comprehensive and quality
data. This concern has been apparent with most non-
communicable diseases.

Moreover, limitations of these estimates are discussed
widely and in detail in the published GBD 2015 articles;
however we summarized the relevant limitations here fo-
cusing on data sources [1, 5, 14, 24, 43]. The standard
GBD modeling assists in overcoming issues associated
with poor-quality data. First, there was lack of data from
Ethiopia, and making estimates for a country over time
is challenging with few or no data. There were relatively
more covariate data source inputs (881 site-years) than
non-fatal health outcomes (489 site-years) or causes of
death (171 site-years) in GBD 2015 to estimate burden
of disease for Ethiopia.

Almost all data sources for causes of death were verbal
autopsy and sibling history studies. Sibling history data
were nationally representative but were limited to mater-
nal health. Verbal autopsy data sources were all sub-
nationally representative and were used to provide
national estimates. In addition, there could be variations
within verbal autopsy data sources that could affect un-
certainty of national estimates [23]. Addressing and
reporting all age groups and all possible causes of death,
including non-communicable diseases, would be chal-
lenging for verbal autopsy data sources. In the non-fatal
outcome data sources, only 87 site-year data sources
were nationally representative and 339 site-years were
reported unknown, which could affect the uncertainty
level of the estimates. Moreover, data accessibility is a
critical challenge for which GBD 2015 estimates were
forced to use scientific literature that was not compre-
hensive and detailed in reporting. These sources re-
ported broad age categories, lacked reporting by sex,
and may have been influenced by other publication bias.
This resulted in exclusion of some data sources or
adjustment to a higher cause level. This requires close
collaboration using actual data sources to access com-
prehensive and detailed data for GBD estimates. All
these limitations with the different data sources may
have affected the uncertainty of the estimates.

Until good-quality vital statistics are attained for
Ethiopia, investing in national verbal autopsy studies,
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such as post-census or post-demographic health surveys,
and/or further expansion of demographic surveillance
sites, would assist in filling existing data gaps in Ethiopia.
There is a need to develop national data-sharing guide-
lines, a culture of data sharing, and a national data center
or data archive in the country. Studies should be released
in a timely manner to maximize their use.

Finally, Ethiopia requires high investment and com-
mitment to generate quality cause of death data
through Vital Events Registration Agency (VERA),
which was established in August 2016 [43]. There is
also a need to establish and strengthen surveillance sys-
tems and surveys to generate national and subnational
non-fatal health outcome data with emphasis on lead-
ing non-communicable diseases and their shared risk
factors. Estimates did not show the possible heteroge-
neous figures on diseases and disorders by rural and
urban or subnational populations as sociodemo-
graphic, lifestyle, and health risk factors, which may
vary [2, 15]. Therefore, subnational regional states could
benefit from subnational burden of disease estimates in the
future.

Conclusions

Ethiopia has been successful in reducing age-standardized
DALYs related to most communicable, maternal, neonatal,
and nutritional deficiency diseases for the last 25 years.
This has resulted in a shift in the leading causes of DALYs
from CMNN disorders to non-communicable diseases be-
tween 1990 and 2015. Lower respiratory infections, diar-
rheal diseases, and tuberculosis were still leading causes of
premature death and disability in 2015 despite major re-
ductions. Increasing trends of disabilities due to neonatal
encephalopathy, neonatal preterm birth complications,
and neonatal disorders should be emphasized in the na-
tional newborn survival strategy. Premature mortality
caused by non-communicable diseases showed reduc-
tions, although disability rates did not decline. Be-
cause of this, integrated strategies in the health
system and a multi-sectoral response should be
enacted. Strategies for non-communicable diseases
need to focus on the leading causes, such as cardio-
vascular diseases, cancer, diabetes, and mental and
substance use disorders. Generating quality data
through new initiatives such as vital events registra-
tion, surveillance programs, and surveys should be a
priority. There should also be a data-sharing mechan-
ism to pool multiple data sources together to answer
national and subnational health indicators. Moreover,
there is a need to measure disease burden at subna-
tional regional state levels and identify variations with
urban and rural populations to support health policy in
Ethiopia.

Page 14 of 16

Abbreviations

CODEm: Cause of death ensemble modeling; DHS: Demographic and health
surveys; GBD: Global Burden of Disease; HIV/AIDS: Human immunodeficiency
virus/acquired immune deficiency syndrome; HSDP: Health Sector
Development Program; HSTP: Health Sector Transformation Plan;

MDGs: Millennium Development Goals; NCDs: Non-communicable diseases;
ST-GPR: Spatiotemporal gaussian process regression; Ul: Uncertainty intervals;
WHQO: World Health Organization; YLL: Years of life lost

Acknowledgments

We thank the countless individuals who have contributed to the Global
Burden of Disease Study 2015 in various capacities. We would also like to
acknowledge the extensive support from all staff members at the Institute
for Health Metrics and Evaluation. The GBD study is originally funded by the
Bill & Melinda Gates Foundation, the funding body has no role in the design
of the study and collection, analysis, and interpretation of data and in
writing the manuscript. KD is supported by a Wellcome Trust Intermediate
Fellowship in Public Health and Tropical Medicine [grant number
201900/Z 16/Z].

Funding
There is no specific funding for writing this paper.

Availability of data and materials
Data will be shared as required.

Authors’ contributions

AM, MN conceived and designed the study. AM analyzed and interpreted
the data and wrote the manuscript. All authors assisted in the design,
provided data, assisted with data interpretation, and critically reviewed the
manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors alone are responsible for the views expressed in this article and
they do not necessarily represent the views, decisions, or policies of the
institutions with which they are affiliated. The authors declare that they have
no competing interests.

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

Author details

'Institute for Health Metrics and Evaluation, University of Washington, Seattle,
USA. ?School of Public Health, University of Adelaide, Adelaide, Australia.
3School of Public Health, College of Health Sciences, Mekelle University,
Mek'ele, Ethiopia. “Department of Reproductive Health, Institute of Public
Health, University of Gondar, Gondar, Ethiopia. *KEMRI-Wellcome Trust
Research Programme, Kilifi, Kenya. SNuffield Department of Clinical Medicine,
University of Oxford, Oxford, UK. ’St. Paul Millennium Medical College, Addis
Ababa, Ethiopia. ®Brighton and Sussex Medical School, Brighton, UK. °School
of Public Health, Addis Ababa University, Addis Ababa, Ethiopia. '®Institute
for Biological Chemistry and Nutrition, University of Hohenheim, Stuttgart,
Germany. ''Amref Health Africa in Ethiopia, Addis Ababa, Ethiopia.
2Ethiopian Public Health Association, Addis Ababa, Ethiopia. '*Department
of Public Health, College of Medicine and Health Sciences, Madda Walabu
University, Bale Robe, Ethiopia. “Africa Population and Health Research
Center, Nairobi, Kenya. SFederal Ministry of Health, Addis Ababa, Ethiopia.
16Co\lege of Medicine and Health Sciences, Bahir Dar University, Bahir Dar,
Ethiopia. '"University of South Australia, Adelaide, Australia. '®College of
Health Sciences and Medicine, Wolayta Sodo University, Addis Ababa,
Ethiopia. '*School of Public Health, University of Queensland, St Lucia,
Australia.



Misganaw et al. Population Health Metrics (2017) 15:28

Received: 11 July 2016 Accepted: 14 July 2017
Published online: 21 July 2017

References

1.

WAMA RG. Reviewing Ethiopia’s health system development. JMAJ. 2009
Aug;52:279-86.

Federal Ministry of Health. Health Sector Transformation Plan, 2015-2020.
Ethiopia; 2015. http//www.moh.gov.et/documents/26765/0/Health+Sector
+Transformation+Plan/5542a23a-9bc7-46a2-8¢1f-8032c2603208?version=1.0.
Accessed 12 Mar 2016.

The World Bank Ethiopia data [Internet]. Available from: http://data.
worldbank.org/country/ethiopia. Accessed 27 Mar 2017.

ETHIOPIA: World Bank Report. Africa Research Bulletin: Economic, Financial
and Technical Series [Internet]. 2016 Jan 1 [cited 16 Dec 2016];52(11).
Available from: http://onlinelibrary.wiley.com/doi/10.1111/j.1467-6346.2015.
06769.x/full. Accessed 16 Dec 2016.

Federal Democratic Republic of Ethiopia, Central Statistical Agency. Population
Projection of Ethiopia for All Regions, at Wereda Level from 2014-2017. Addis
Ababa [Internet]. 2013. Available from: http://www.csa.gov.et/images/general/
news/pop_pro_wer_2014-2017_final. Accessed 19 Dec 2016.

The World Bank; http://data.worldbank.org/indicator/SP.DYN.TFRT.IN.
Accessed 27 Mar 2017.

Central Statistical Agency (CSA) [Ethiopia] and ICF. Ethiopia demographic
and health survey 2016: key indicators report. Addis Ababa and Rockuville:
CSA and ICF; 2016.

Federal Democratic Republic of Ethiopia Ministry of Health. Quarterly Health
BulletinVolume 6, Number 1, April 2014. [Internet]. Available from: https//www.
unicef.org/ethiopia/FMOHPolicyPracticeBulletinApril14.pdf. Accessed 4 Dec 2016.
Wang H, Liddell CA, Coates MM, Mooney MD, Levitz CE, Schumacher AE, et
al. Global, regional, and national levels of neonatal, infant, and under-5
mortality during 1990-2013: a systematic analysis for the global burden of
disease study 2013. Lancet. 2014,384(9947):957-79.

Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, Shackelford KA, Steiner C,
Heuton KR, et al. Global, regional, and national levels and causes of
maternal mortality during 1990-2013: a systematic analysis for the global
burden of disease study 2013. Lancet. 2014 Sep;384(9947):980-1004.

GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and
national age-sex specific all-cause and cause-specific mortality for 240
causes of death, 1990-2013: a systematic analysis for the global burden of
disease study 2013. Lancet. 2015,385(9963):117-71.

Federal Ministry of Health. Information Revolution Roadmap, April 2016.
Ethiopia; 2016. http://www.moh.gov.et/documents/26765/0/Information
+Revolution+Roadmap/62347ec6-4681-44c4-9289-1d82deec53e4;version=1.
0. Accessed 4 Dec 2016.

Accorsi S, Bilal NK, Farese P, Racalbuto V. Countdown to 2015: comparing
progress towards the achievement of the health millennium development
goals in Ethiopia and other sub-Saharan African countries. Trans R Soc Trop
Med Hyg. 2010;104(5):336-42.

Global Burden of Disease Study 2013 Collaborators. Global, regional, and
national incidence, prevalence, and years lived with disability for 301 acute and
chronic diseases and injuries in 188 countries, 1990-2013: a systematic analysis
for the global burden of disease study 2013. Lancet. 2015;386(9995):743-800.
Murray CJL, Barber RM, Foreman KJ, Ozgoren AA, Abd-Allah F, Abera SF, et
al. Global, regional, and national disability-adjusted life years (DALYs) for 306
diseases and injuries and healthy life expectancy (HALE) for 188 countries,
1990-2013: quantifying the epidemiological transition. The Lancet [Internet].
2015 Aug [cited 24 Nov 2015]; Available from: http://linkinghub.elsevier.
com/retrieve/pii/S014067361561340X. Accessed 24 Nov 2015.

Global, regional, and national disability-adjusted life-years (DALYs) for 315
diseases and injuries and healthy life expectancy (HALE), 1990-2015: a
systematic analysis for the Global Burden of Disease Study 2015 [Internet].
[cited 12 Dec 2016]. Available from: http://www.healthdata.org/research-
article/gbd-2015-dalys-hale. Accessed 12 Dec 2016.

Global Burden of Disease Study 2015 (GBD 2015) Data Input Sources Tool
[Internet]. Available from: http://ghdx.healthdata.org/gbd-2015/data-input-
sources?locations=179&components=4. Accessed 2 Oct 2017.
Supplementary appendix: GBD 2015 DALYs and HALE Collaborators.
Global, regional, and national disability-adjusted life-years (DALYs) for
315 diseases and injuries and healthy life expectancy (HALE), 1990-
2015: a systematic analysis for the global burden of disease study 2015.
Lancet. 2016;388:1603-58.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 15 of 16

Global, regional, and national incidence, prevalence, and years lived with
disability for 310 diseases and injuries during 1990-2015: a systematic
analysis for the Global Burden of Disease Study 2015 [Internet]. [cited 12
Dec 2016] Available from: http://www.healthdata.org/research-article/gbd-
2015-non-fatal-outcomes. Accessed 12 Dec 2016.

Global, regional, and national life expectancy, all-cause and cause-specific
mortality for 249 causes of death, 1980-2015: a systematic analysis for the
Global Burden of Disease Study 2015 [Internet]. [cited 30 Nov 2016].
Available from: http://www.healthdata.org/research-article/gbd-2015-life-
expectancy-all-cause-cause-specific-mortality. Accessed 30 Nov 2016.
Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. 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.
Lancet. 2012;380(9859):2095-128.

Supplementary appendix: GBD 2015 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional, and national incidence,
prevalence, and years lived with disability for 310 diseases and injuries,
1990-2015: a systematic analysis for the global burden of disease study
2015. Lancet. 2016;388:1545-602.

Modeling causes of death: an integrated approach using CODEm [Internet]. [cited
2016 Feb 13]. Available from: https//www.healthdata.org/research-article/
modeling-causes-death-integrated-approach-using-codem. Accessed 13 Feb 2016.
Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years
lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries
1990-2010: a systematic analysis for the global burden of disease study
2010. Lancet. 2012;380(9859):2163-96.

Federal Ministry of Health Ethiopia. Prevention and Control of Chronic Non-
Communicable Diseases Strategic Framework November 2010.

Misganaw A, Mariam DH, Araya T. The Double Mortality Burden Among
Adults in Addis Ababa, Ethiopia, 2006-2009. Prev Chronic Dis [Internet].
2012 Apr 12 [cited 3 Oct 2014],9. Available from: http://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3396553/. Accessed 2 Oct 2016.

Weldearegawi B, Ashebir Y, Gebeye E, Gebregziabiher T, Yohannes M, Mussa S,
et al. Emerging chronic non-communicable diseases in rural communities of
northern Ethiopia: evidence using population-based verbal autopsy method in
Kilite Awlaelo surveillance site. Health Policy Plan. 2013;28(8):891-8.

Accorsi S, Kedir N, Farese P, Dhaba S, Racalbuto V, Seifu A, et al. Poverty,
inequality and health: the challenge of the double burden of disease in a non-
profit hospital in rural Ethiopia. Trans R Soc Trop Med Hyg. 2009;103(5):461-8.
Misganaw A, Mariam DH, Ali A, Araya T. Epidemiology of major non-
communicable diseases in Ethiopia: a systematic review. J Health Popul
Nutr. 2014;32(1):1-13.

Abdulahi H, Mariam DH, Kebede D. Burden of disease analysis in rural
Ethiopia. Ethiop Med J. 2001 Oct;39(4):271-81.

Sanders, Rachel. 2010. Equity and Access to ART in Ethiopia: Activity Report.
Washington, DC: Futures Group, Health Policy Initiative, Task Order 1. http://
www.healthpolicyplus.com/archive/ns/pubs/hpi/1263_1_Ethiopia_ART_
Equity_Activity_Report_FINAL_acc.pdf. Accessed 2 Oct 2016.

Federal Ministry of Health. National Newborn and Child Survival Strategy
Document Brief Summary 2015-2020. Ethiopia; 2015. https://www.unicef.
org/ethiopia/Child_Survival_Strategy.pdf. Accessed 2 Oct 2016.

Federal Ministry of Health. National Mental Health Strategy,2013-2016.
Ethiopia. http://www.centreforglobalmentalhealth.org/sites/www.
centreforglobalmentalhealth.org/files/uploads/documents/ETHIOP~2.pdf.
Accessed 3 Oct 2016.

Transforming our world:the 2030 Agenda for Sustainable Development
[Internet]. United Nations; Available from: https://sustainabledevelopment.
un.org/content/documents/
21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf.
Accessed 13 May 2016.

Ethiopia Launches Its Health Sector Transformation Plan [Internet]. [cited 10 Nov
2015]. Available from: http://www.ena.gov.et/en/indexphp/social/item/1052-
ethiopia-launches-health-sector-transformation-plan. Accessed 10 Nov 2016.
Araya T. Accuracy of physicians in diagnosing HIV and AIDS-related death in
the adult population of Addis Ababa, Ethiopia. World J AIDS. 2012;2(2):89-96.
Araya T, Tensou B, Davey G, Berhane Y. Burial surveillance detected significant
reduction in HIV-related deaths in Addis Ababa, Ethiopia: burial surveillance
detects reduced HIV mortality. Tropical Med Int Health. 2011;16(12):1483-9.
Federal HIV/AIDS Prevention and Control Office. Country Progress Report on
the HIV Response. Ethiopia; 2014. http://www.unaids.org/sites/default/files/
country/documents/ETH_narrative_report_2014.pdf. Accessed 13 Mar 2017.


http://www.moh.gov.et/documents/26765/0/Health+Sector+Transformation+Plan/5542a23a-9bc7-46a2-8c1f-8b32c2603208?version=1.0
http://www.moh.gov.et/documents/26765/0/Health+Sector+Transformation+Plan/5542a23a-9bc7-46a2-8c1f-8b32c2603208?version=1.0
http://data.worldbank.org/country/ethiopia
http://data.worldbank.org/country/ethiopia
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-6346.2015.06769.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-6346.2015.06769.x/full
http://www.csa.gov.et/images/general/news/pop_pro_wer_2014-2017_final
http://www.csa.gov.et/images/general/news/pop_pro_wer_2014-2017_final
http://data.worldbank.org/indicator/SP.DYN.TFRT.IN
https://www.unicef.org/ethiopia/FMOHPolicyPracticeBulletinApril14.pdf
https://www.unicef.org/ethiopia/FMOHPolicyPracticeBulletinApril14.pdf
http://www.moh.gov.et/documents/26765/0/Information+Revolution+Roadmap/62347ec6-4681-44c4-9289-1d82deec53e4;version=1.0
http://www.moh.gov.et/documents/26765/0/Information+Revolution+Roadmap/62347ec6-4681-44c4-9289-1d82deec53e4;version=1.0
http://www.moh.gov.et/documents/26765/0/Information+Revolution+Roadmap/62347ec6-4681-44c4-9289-1d82deec53e4;version=1.0
http://linkinghub.elsevier.com/retrieve/pii/S014067361561340X
http://linkinghub.elsevier.com/retrieve/pii/S014067361561340X
http://www.healthdata.org/research-article/gbd-2015-dalys-hale
http://www.healthdata.org/research-article/gbd-2015-dalys-hale
http://ghdx.healthdata.org/gbd-2015/data-input-sources?locations=179&components=4
http://ghdx.healthdata.org/gbd-2015/data-input-sources?locations=179&components=4
http://www.healthdata.org/research-article/gbd-2015-non-fatal-outcomes
http://www.healthdata.org/research-article/gbd-2015-non-fatal-outcomes
http://www.healthdata.org/research-article/gbd-2015-life-expectancy-all-cause-cause-specific-mortality
http://www.healthdata.org/research-article/gbd-2015-life-expectancy-all-cause-cause-specific-mortality
http://www.healthdata.org/research-article/modeling-causes-death-integrated-approach-using-codem
http://www.healthdata.org/research-article/modeling-causes-death-integrated-approach-using-codem
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3396553/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3396553/
http://www.healthpolicyplus.com/archive/ns/pubs/hpi/1263_1_Ethiopia_ART_Equity_Activity_Report_FINAL_acc.pdf
http://www.healthpolicyplus.com/archive/ns/pubs/hpi/1263_1_Ethiopia_ART_Equity_Activity_Report_FINAL_acc.pdf
http://www.healthpolicyplus.com/archive/ns/pubs/hpi/1263_1_Ethiopia_ART_Equity_Activity_Report_FINAL_acc.pdf
https://www.unicef.org/ethiopia/Child_Survival_Strategy.pdf
https://www.unicef.org/ethiopia/Child_Survival_Strategy.pdf
http://www.centreforglobalmentalhealth.org/sites/www.centreforglobalmentalhealth.org/files/uploads/documents/ETHIOP~2.pdf
http://www.centreforglobalmentalhealth.org/sites/www.centreforglobalmentalhealth.org/files/uploads/documents/ETHIOP~2.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
http://www.ena.gov.et/en/index.php/social/item/1052-ethiopia-launches-health-sector-transformation-plan
http://www.ena.gov.et/en/index.php/social/item/1052-ethiopia-launches-health-sector-transformation-plan
http://www.unaids.org/sites/default/files/country/documents/ETH_narrative_report_2014.pdf
http://www.unaids.org/sites/default/files/country/documents/ETH_narrative_report_2014.pdf

Misganaw et al. Population Health Metrics (2017) 15:28 Page 16 of 16

39. World Health Organization. Global tuberculosis report 2014 [Internet].
Available from: http://apps.who.int/iris/bitstream/10665/137094/1/
9789241564809_eng.pdf. Accessed 13 Mar 2017.

40. WHO | 2008-2013 Action plan for the global strategy for the prevention
and control of noncommunicable diseases [Internet]. WHO. [cited 17 Feb
2016). Available from: http://www.who.int/nmh/publications/
9789241597418/en/. Accessed 17 Feb 2017.

41, Tesfaye F, Byass P, Wall S. Population based prevalence of high blood
pressure among adults in Addis Ababa: uncovering a silent epidemic. BMC
Cardiovasc Disord. 2009;9:39.

42. Food, Medicine and Healthcare Administration and Control Authority:
Tobacco Control Directive. Ethiopia; 2015. https://www.tobaccocontrollaws.
org/files/live/Ethiopia/Ethiopia%20-%20Tobacco%20Ctrl.%20Dir.%20No.
962028_2015%20-%20national.pdf. Accessed 13 Mar 2017.

43, Ethiopia to Start First Ever Vital Events Registration [Internet]. [cited 5 Dec
2016). Available from: http://www.ena.gov.et/en/index php/social/item/1757-
ethiopia-to-start-first-ever-vital-events-registration. Accessed 5 Dec 2016.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central



http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf
http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf
http://www.who.int/nmh/publications/9789241597418/en/
http://www.who.int/nmh/publications/9789241597418/en/
https://www.tobaccocontrollaws.org/files/live/Ethiopia/Ethiopia%20-%20Tobacco%20Ctrl.%20Dir.%20No.%2028_2015%20-%20national.pdf
https://www.tobaccocontrollaws.org/files/live/Ethiopia/Ethiopia%20-%20Tobacco%20Ctrl.%20Dir.%20No.%2028_2015%20-%20national.pdf
https://www.tobaccocontrollaws.org/files/live/Ethiopia/Ethiopia%20-%20Tobacco%20Ctrl.%20Dir.%20No.%2028_2015%20-%20national.pdf
http://www.ena.gov.et/en/index.php/social/item/1757-ethiopia-to-start-first-ever-vital-events-registration
http://www.ena.gov.et/en/index.php/social/item/1757-ethiopia-to-start-first-ever-vital-events-registration

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources
	Modeling

	Interpretation of the results

	Results
	Age-standardized disability-adjusted life years (DALYs)

	Discussion
	Implications of the findings for policies and practices
	Improvements in common infectious diseases
	Progress in combating HIV/AIDS, tuberculosis, and malaria
	Increasing importance of non-communicable diseases
	Key investments for Ethiopia to reduce uncertainty

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

