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Abstract

Background: Twelve of the 17 Sustainable Development Goals (SDGs) are related to malnutrition (both under- and
overnutrition), other behavioral, and metabolic risk factors. However, comparative evidence on the impact of behavioral
and metabolic risk factors on disease burden is limited in sub-Saharan Africa (SSA), including Ethiopia. Using data from
the Global Burden of Disease (GBD) Study, we assessed mortality and disability-adjusted life years (DALYs) attributable
to child and maternal undernutrition (CMU), dietary risks, metabolic risks and low physical activity for Ethiopia. The
results were compared with 14 other Eastern SSA countries.

Methods: Databases from GBD 2015, that consist of data from 1990 to 2015, were used. A comparative risk assessment
approach was utilized to estimate the burden of disease attributable to CMU, dietary risks, metabolic risks and low physical
activity. Exposure levels of the risk factors were estimated using spatiotemporal Gaussian process regression (ST-GPR) and
Bayesian meta-regression models.

Results: In 2015, there were 58,783 [95% uncertainty interval (Ul): 43,653-76,020] or 89% [95% Ul 6.1-12.5] estimated all-
cause deaths attributable to CMU, 66,269 [95% Ul: 39,367-106,512] or 9.7% [95% Ul: 7.4-12.3] to dietary risks, 105,057 [95%
Ul: 66,167-157,071] or 154% [95% Ul: 12.8-17.6] to metabolic risks and 5808 [95% Ul: 3449-9359] or 0.9% [95% Ul: 0.6-1.1]
to low physical activity in Ethiopia. While the age-adjusted proportion of all-cause mortality attributable to CMU decreased
significantly between 1990 and 2015, it increased from 10.8% [95% Ul: 8.8-13.3] to 14.5% [95% Ul: 11.7-180] for dietary
risks and from 17.0% [95% Ul: 154-18.7] to 24.2% [95% Ul: 22.2-26.1] for metabolic risks. In 2015, Ethiopia ranked among
the top four countries (of 15 Eastern SSA countries) in terms of mortality and DALYs based on the age-standardized
proportion of disease attributable to dietary and metabolic risks.
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Ethiopia

Conclusions: In Ethiopia, while there was a decline in mortality and DALYs attributable to CMU over the last two and
half decades, the burden attributable to dietary and metabolic risks have increased during the same period. Lifestyle
and metabolic risks of NCDs require more attention by the primary health care system of the country.
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Background

Overall prevalence and burden of disease related to un-
dernutrition have declined worldwide [1, 2], with a pre-
diction of further success in reducing the health
problem in regions and nations with the high burden,
such as sub-Saharan African (SSA) countries [3]. At the
same time, the burden of non-communicable diseases
(NCDs) and their behavioral and metabolic risks (MRs)
have increased [1, 2, 4-7]. Particularly, in developing
countries, despite significant progress in tackling under-
nutrition and associated communicable, maternal, neo-
natal and nutritional diseases (CMNNDs), the burden of
NCDs due to a range of health risk factors has increased
[2, 6]. On top of the health sequela associated with child
and maternal undernutrition (CMU) in low-income
countries (LICs), dietary risks (DRs), low physical activ-
ity (LPA) and MRs have contributed to the growing bur-
den of NCDs [4, 8-10]. Evidence also shows CMU in
early life can potentially contribute to the burden of
NCDs [11-16]. The double burden of malnutrition
(over- and undernutrition) with a unique and unusual
(non-classical) pattern of epidemiological transition (per-
sistent high burden of CMNNDs despite the emerging
burden of NCDs) [17-22] is the growing and unprece-
dented challenge for these countries.

Global initiatives have already recognized this pheno-
menon in LICs, and efforts have been geared to tackle
associated factors and challenges [17]. For instance, the
United Nations General Assembly labeled the decade
2015-2025 as the “Decade of Action on Nutrition” with
the aim of improving overall human nutrition [23]. More-
over, 12 of the 17 Sustainable Development Goals (SDGs)
are also related to malnutrition (both under- and overnu-
trition) and other behavioral risk factors. In particular, the
second and third SDGs recognized hunger (undernutri-
tion) and NCDs as major global challenges [24].

Ethiopia has implemented successful national pro-
grams such as primary health care which have led to tre-
mendous public health results, including reduced child
mortality [25] and increased life expectancy [6]. These
achievements were mainly because of the high priority
that the Ethiopian government has placed on its health
policies and programs for CMNNDs, with increased in-
vestments in these areas [26, 27]. On the other hand,
NCDs have been largely ignored in national programs

and strategies despite the existing evidence that shows
the high and increasing burden of NCDs in the country
[20, 28]. Recently, in line with the global initiatives [23,
24], the government of Ethiopia has recognized the im-
portance of addressing communicable diseases, nutri-
tional deficiencies, maternal and neonatal disorders, and
risk factors for NCDs simultaneously [27]. Particularly,
efforts have been focused on reducing the burden of dis-
ease associated with major health risk factors, such as
undernutrition, lifestyle and the MR factors of NCDs
[27, 29]. However, limited and unreliable data on these
risk factors have been a longstanding challenge to meas-
ure the performance of previous programs [26, 30, 31]
and to establish a baseline for future interventions in
Ethiopia [27]. In particular, the relative contribution and
impact of undernutrition, lifestyle and MR factors on the
current disease burden in the country have not been in-
vestigated. The Global Burden of Disease 2015 databases
provide an ideal platform and opportunity to assess the
burden of these factors.

In this study, we aimed to assess the mortality and
disability-adjusted life years (DALYs) attributed to CMU,
DRs, MRs and LPA in Ethiopia using data from the GBD
Study [32]. In addition, we investigated the trend of the
burden attributable to these risk factors between 1990 and
2015 in Ethiopia compared with the other 14 Eastern SSA
countries. Our study will help to understand the current
burden of disease attributable to the risk factors and
evaluate the progress of Ethiopia in addressing these risks
compared to countries in the region. Findings can also
serve as baseline data for planning future interventions
which will further contribute to health and health-related
policies and decision making in the country.

Methods

Study overview

GBD is an international collaborative effort that coordi-
nates resources, including data and expertise, to collate
and disseminate health and health-related evidence at
global, region, sub-region, national and sub-national
levels. It uses comprehensive data sources and rigorous
analysis methods to estimate the burden of disease and
the risk factors [2, 6, 33]. In this study, we use GBD
2015 databases that include estimates of disease burden
and risk factors from 1990 to 2015 [32].
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Details of data sources and collation and computation
process for estimating GBD 2015 risk factors are published
elsewhere [2]. The GBD uses Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER), a
newly developed tool [34], to report methods and results.
The GBD study also utilizes a comparative risk assessment
(CRA) approach which is based on a causal framework
and hierarchy of risk factors. CRA is an important analyt-
ical approach to gather data on risk factors and to estimate
their relative contribution to a disease burden [35]. Within
the CRA framework, risk factors are organized into four
hierarchies (levels 1 to 4) [35]. In GBD 2015, 79 granular
and specific risks (level 4) were classified into three major
risk aggregates (behavioral, environmental/occupational
and MR), which are at level 1 [2]. Risk-disease pairs with
convincing or probable evidence were included as GBD
2015 risk factors [2, 36].

In our study, estimates of deaths and DALYs attribut-
able to three behavioral risks (CMU, DRs and LPA) and
five MR factors (high systolic blood pressure (SBP), high
fasting plasma glucose (FPG) level, high body mass
index (BMI), high total cholesterol and impaired kidney
function), by sex and age for Ethiopia from 1990 to
2015, are presented. Childhood wasting, underweight
and stunting, non-exclusive breast feeding, discontinued
breast feeding, and iron, vitamin A, and zinc deficiencies
were included under CMU. DR factors (of NCDs) in-
cluded diets low in fruits, vegetables, whole grains, nuts
and seeds, seafood omega-3 fatty acids, calcium, milk,
fiber, polyunsaturated fatty acids, and high in sodium,
processed meat, trans fatty acids, sugar-sweetened bever-
ages and red meat. The risk factors were defined using
the GBD’s definition [2], and their definitions are shown
in Additional file 1: Table S1.

We compared the burden of disease attributable to
CMU, DRs, MRs and LPA with the other 14 Eastern SSA
countries based on the GBD geographical classification
(Burundi, Comoros, Djibouti, Eritrea, Kenya, Madagascar,
Malawi, Mozambique, Rwanda, Somalia, South Sudan,
Tanzania, Uganda, and Zambia). Countries were ranked
from highest (first) to lowest (15" based on age-
standardized population attributable fraction (PAF) of the
risk factors for all-cause of deaths and DALYs. The PAF
refers to the proportion of disease burden (mortality or
DALYSs) attributable to the risk factors [2].

Data sources and exposure levels

Data sources used for each country in the Eastern SSA
countries can be accessed on the Global Health Data Ex-
change (http://ghdx.healthdata.org/). Additional file 1:
Table S2 provides data sources used to estimate exposure
levels of CMU, DRs, MRs and LPA for Ethiopia. For CMU,
data were collated from various sources, including demo-
graphic and health surveys, and the Food and Agriculture
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(FAO) Food Balance Sheet, and United Nations Inter-
national Children’s Emergency Fund (UNICEF) and World
Health Organization (WHO) databases [2].

Multiple data sources, including the FAO Food Balance
Sheet and household budget surveys, were used to esti-
mate exposure levels of DRs of NCDs. For trans fatty
acids, availability of partially hydrogenated vegetable
oil packaged foods was used. All DR factors were
standardized to 2000 kcal/day except urinary sodium
and sugar-sweetened beverages. The methods for esti-
mating the burden of disease related to DRs in
Ethiopia have been published previously [37]. For
MRs, data were collated from sources, including sur-
veys, longitudinal studies, published literature which
provided both measured or self-reported MRs. For
LPA, the WHO’s non-communicable disease risk
factor surveys were used [2].

Two main modeling strategies were used to estimate
the exposure levels of risk factors: 1) a spatiotemporal
Gaussian process regression model (ST-GPR) and; 2) a
Bayesian meta-regression model (DisMod-MR 2.1)
which are mixed effect models that borrow information
across geographies (global, super-region, region, nation
and subnational), age, sex, and time. These approaches
allow for the pooling of data from different sources and
adjustment of bias.

Covariates that potentially effect the intake level of indi-
vidual DR factors were incorporated to assist in the pre-
dictions for locations and time where there is a lack of
data. For instance, being landlocked (yes/no) was used to
estimate intake level of seafood omega-3 fatty acids. Ad-
justments, including age-sex splitting, adding study level
covariates, and bias correction for all risk factors were per-
formed [2]. Study level covariates that could potentially
impact the estimates of dietary exposure, such as dietary
data collection methods (i.e., 24-h diet recall, food fre-
quency questionnaire, household budget surveys, or FAO
Food Balance Sheets), were considered in the model.
Country and study level covariates used in the modeling
of DRs are shown in Additional file 1: Table S3.

Relative risks

Relative risks of risk-disease pairs were obtained from
meta-analyses of prospective observational studies or ran-
domized controlled trials. The GBD 2015 risk factors
paper contains detailed methods on how the relative risks
of each of the risk factors were estimated [2]. Metabolic
mediators (through which a risk factor may have an effect)
of DRs are provided in Additional file 1: Table S3.

Attributable mortality and DALYs and uncertainties

The proportion of mortality and DALYs that could have
been prevented if the exposure level of a risk factor had
been sustained at the level associated with the lowest risk
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was calculated. The level of exposure that is associated
with the lowest risk is called theoretical minimum-risk ex-
posure level (TMREL). A 20% uncertainty range below
and above the TMREL was applied (Additional file 1:
Table S1).

To determine the mortality and DALYs attributable
to the risk factors, the PAF was firstly determined
using the following inputs: the exposure level for each
risk factor: relative risks, TMREL, and the total num-
ber of deaths from the specific disease. Using the
Monte Carlo approach, the uncertainty of parameters
for exposure, relative risk, attributable mortality and
DALYs [summing up years lived with disability and
years of life lost] were calculated with 1000 repeated
draws. Detailed formulas and computation approaches
are provided elsewhere [2, 6, 33].

In this study, both crude and adjusted estimates of
deaths and DALYs attributed to CMU, DRs, MRs and
LPA are provided. The GBD world population standard
was used for the computation of age-standardized esti-
mates. Results are presented as means with 95% uncer-
tainty intervals (UI) in parenthesis. We calculated
percentage change on the basis of the point estimates.

Results

Burden of disease attributable to CMU, DRs, MRs and LPA
in 2015, Ethiopia (crude estimates)

In 2015, there were 58,783 [43,653-76,020], 66,269
[39,367-106,512], 105,057 [66,167—-157,071] and 5808
[3449-9359] estimated deaths attributable to CMU,
DRs, MR and LPA in both sexes in Ethiopia, respect-
ively. Of all deaths, 8.9% [6.1-12.5], 9.7% [7.4-12.3],
15.4% [12.8—17.6] and 0.9% [0.6—1.1] were attributable
to CMU, DRs, MRs and LPA, respectively. These repre-
sent 17.7% [12.8-23.0] deaths due to CMNND, 23.1%
[18.6—28.5], 34.3% [31.3—-37.3] and 2.0% [1.4-2.7] due
to NCD deaths, respectively. CMU, DRs, MRs and LPA
were associated with 5,312,975 [4,068,319-6,720,367],
1,698,099 [1,026,366-2,736,469], 2,706,312 [1,755,853—
4,005,055] and 140,484 [84,760-224,637] estimated
DALYs, representing 23.2% [17.5-29.0] of CMNND,
and 11.3% [8.1-15.2], 16.9% [13.5-20.7] and 0.9% [0.6—
1.3] NCD DALYs in 2015 in the country, respectively
(Table 1).

When considering specific risk factors of CMU, child-
hood wasting (13.4% [8.9-18.1]), underweight, (5.2% [3.0—
8.5]), non-exclusive breast feeding (3.3% [1.6-5.5]) and
stunting (3.3% [1.3—6.6]) were the most common contribu-
tors of deaths due to CMNND in 2015. Of the DRs, a diet
low in fruits (8.1% [5.5-10.9]), vegetable (5.2% [2.7-8]),
whole grain (5.0% [3.1-7.2]), nuts and seeds (4.3% [2.7-6.3])
and high in sodium (4.5% [0.8—11.9]) were most com-
mon risks of NCD deaths. Twenty-three percent [20.4—
25.8], 9.7% [8.0-11.5], 6.2% [3.6-9.4], 5.1% [3.4-7.2],
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and 4.1% [3.3-5.0] of NCD deaths were attributable to
high SBP, high FPG, high BMI, high total cholesterol
and impaired kidney function, respectively. Childhood
wasting, underweight and stunting, and non-exclusive
breast feeding were the major CMU contributors of
CMNND DALYs. High SBP, high FPG and high BMI
contributed to 9.9% (7.4—-12.9), 5.9% (4.9-7.1), and 3.7%
(2.1-5.8) NCD DALYs, respectively (Table 2).

The pattern of mortality and DALYs attributable to DRs,
MRs and LPA by age category are depicted in Figs. 1, 2, 3
and Additional file 1: Figure S1.

Trend of disease burden attributable to CMU, DRs, MRs
and LPA between 1990 and 2015, Ethiopia

Table 3 shows age-standardized death and DALY rates
and proportions, and the percentage change between
1990 and 2015 in Ethiopia. The age-standardized pro-
portion of all deaths attributable to CMU decreased by
more than half over the past 25 years, from 8.6% [6.8—
11.0] in 1990 to 3.6% [2.5-5.1] in 2015. Over the same
period, the age-standardized death rate attributable to
CMU decreased drastically from 231 [185-294] to 44
(33-56) per 100,000 people. The proportion of deaths
attributable to specific types of CMU, particularly
childhood wasting and underweight, also decreased.
However, the proportion of all-cause deaths attributable
to DRs and MRs increased from 10.8% [8.8—13.3] to
14.5% [11.7-18.0] and from 17.0% [15.4—18.7] to 24.2%
[22.2-26.1], respectively. While the proportion of CMNND
related deaths attributable to CMU decreased by half, from
18.4% [14.7-23.6] to 9.9% [7.3-13.4] over the past 25 years,
NCD deaths attributable to DRs (from 10.8% [8.8—13.3] to
14.5% [11.7-18.0]) and MRs (from 17.0% [15.4—-18.7] to
24.2% [22.2-26.1]), and LPA (from 1.4% [1.0-1.9] to
1.5% [1.0-1.9]) increased in Ethiopia (Table 3 and
Additional file 1: Figures S2 and S3).

Over the 25 years, the proportion of all-cause and
CMNND DALYs attributable to CMU decreased from
17.3% [13.8-22.3] to 7.4% [5.4-9.9] and from 31.0%
[25.0-38.4] to 17.0% [12.8—-22.0], respectively. However,
the proportion of all-cause and NCD DALYs attribut-
able to DRs and MRs increased from 6.1% [5.0-7.4]
to 8.1% [6.1-10.5] and from 9.1% [8.1-10.1] to 13.1
[10.9-15.3], respectively (Table 3 and Additional file 1:
Figures S2 and S3).

Comparison with other East African countries

Comparison of the disease burden attributable to CMU,
DRs, MRs and LPA among each of the 15 East African
countries is shown in Table 4. In all countries, the age-
standardized proportion of mortality attributable to
CMU decreased, with the highest reduction (74.0%) in
Mozambique. In 2015, Ethiopia ranked ninth and 12 in
terms of age-adjusted PAF of deaths and DALYs
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Table 2 Crude proportion (95% uncertainty interval) of deaths and disability-adjusted life years attributable to specific types of child
and maternal undernutrition, dietary and metabolic risk factors in Ethiopia, 2015

Risk factors Proportion (%) (95% Ul)
Deaths Disability-adjusted life years
All causes Communicable, maternal, All causes Communicable, maternal,
neonatal, and nutritional diseases neonatal, and nutritional diseases
Child and maternal undernutrition 8.9 (6.1-12.5) 17.7 (12.8-23) 13.0 (9.7-16.8) 23.2 (17.5-29.0)
Childhood undernutrition 7.5 (4.8-11.0) 15.0 (10.3-20.2) 108 (7.7-144) 192 (14-247)
Childhood wasting 7 (4.2-9.7) 134 (89-18.1) 7 (6.8-12.9) 17.2 (12.2-22.3)
Childhood underweight 6 (14-4.5) 52 (3.0-85) 8 (2.3-6.1) 8 (4.2-10.6)
Childhood stunting 1.7 (06-3.5) 3.3 (1.3-6.6) 4 (1.0-46) 2(1.7-7.9)
Suboptimal breastfeeding 7 (0.9-3.0) 35 (1.8-5.8) 5(1.3-4.1) 4(23-7.2)
Non-exclusive breastfeeding 1.6 (0.8-2.9) 33 (1.6-55) 23(1.1-3.9) 1 (2.0-6.8)
Discontinued breastfeeding 1 (0.0-0.3) 3(0.1-0.6) 2 (0.1-0.5) 3(0.1-0.8)
Iron deficiency 0 (0.7-1.6) 1(1.3-3.2) 8 (1.3-24) 2 (23-4.2)
Vitamin A deficiency 0.6 (0.2-2.0) 2 (04-37) 9 (0.3-26) 5(0.5-44)
Zinc deficiency 2 (0.0-0.5) 3 (0.0-1.0) 2 (0.0-0.7) 4 (0.0-1.2)
Metabolic risks 0.6 (0.5-0.7) 0.8 (0.5-1.4) 0.2 (0.2-0.2) 0.4 (0.2-0.7)
High fasting plasma glucose 45 (3.5-54) 0.8 (0.5-14) 24 (1.8-29) 04 (0.2-0.7)
All causes Non-communicable diseases Al causes Non-communicable diseases
Dietary risks 9.7 (7.4-12.3) 23.1 (18.6-28.5) 4.1 (2.8-5.7) 11.3 (8.1-15.2)
Diet low in fruits 34 (2.2-47) 8.1 (5.5-10.9) 5(09-23) 2 (26-6.1)
Diet low in vegetables 22 (1.1-34) 52 (2.7-8.0) 9 (0.4-1.5) 5(1.2-4.1)
Diet low in whole grains 2.1 (1.3-3.1) 0((3.1-7.2) 0 (06-16) 8 (1.6-44)
Diet high in sodium 1.9 (0.3-4.9) 5(08-11.9) 8 (0.1-2.0) 1(04-5.5)
Diet low in nuts and seeds 1.8 (1.1-2.7) 43 (2.7-6.3) 8 (0.5-1.3) 2(13-34)
Diet low in seafood omega-3 fatty acids 1.4 (0.6-2.3) 34 (14-54) 5(0.2-1.0) 5(06-2.7)
Diet high in processed meat 6 (0.2-1.0) 14 (0.5-2.3) 0.3 (0.1-0.5) 8 (04-14)
Diet high in trans fatty acids 04 (0.1-0.7) 09 (03-1.7) 2 (0.1-04) 5(0.2-1.0)
Diet suboptimal in calcium 1(0.1-0.2) 0.3 (0.2-0.5) 1(0.0-0.1) 2 (0.1-0.2)
Diet high in sugar-sweetened beverages 0.0 (0.0-0.1) 0.1 (0.1-0.1) 0 (0.0-0.0) 1 (0.0-0.1)
Diet low in milk 1(0.0-0.2) 2 (0.1-04) 0 (0.0-0.1) 1(0.0-0.2)
Diet high in red meat 0 (0.0-0.0) 0 (0.0-0.1) 0 (0.0-0.0) 0 (0.0-0.1)
Diet low in fiber 0.0 (0.0-0.0) 0 (0.0-0.1) 0 (0.0-0.0) 0 (0.0-0.1)
Diet low in polyunsaturated fatty acids 0 (0.0-0.1) 0.1 (0.0-0.1) 0 (0.0-0.0) 0 (0.0-0.1)
Metabolic risks 15.4 (12.8-17.6) 34.3 (31.3-37.3) 6.5 (4.9-8.3) 16.9 (13.5-20.7)
High systolic blood pressure 9.6 (79-11.3) 23.1 (20.4-25.8) 3.6 (2.5-4.8) 9 (74-12.9)
High fasting plasma glucose 9.7 (80-11.5) 9 (49-7.1)
High body-mass index 2.6 (14-40) 6.2 (3.6-94) 14 (0.7-2.1) 7 (21-5.8)
High total cholesterol 2.1 (14-3.1) 5.1 ((34-7.2) 0.9 (0.5-1.3) 4 (1.5-3.6)
Impaired kidney function 1.7 (1.3-2.1) 41 (33-5.0) 0.8 (06-1.0) 3(1.8-2.8)

Ul uncertainty interval; Zero (0.0) indicates very low proportion. The sum of percentages of risk factors in a column exceeds the total for all risk factors combined

under a risk factor cluster because of an overlap between various risk factors

attributable to CMU, respectively. Increases in the bur-
den of disease associated with DRs and MRs were re-
corded for almost all countries. In 2015, Ethiopia was
among the top four Eastern SSA countries with the

highest burden of disease (both in terms of deaths and
DALYs) based on the age-standardized proportion of
disease attributable to DRs, MRs and LPA. Between
1990 and 2015, the country showed a 35.0%, 42.5% and
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Fig. 1 Rate and proportion (95% uncertainty interval) of deaths and disability-adjusted life years (DALYs) attributable to dietary risk factors by age in

54.1% increase in age-standardized proportion of deaths
attributable to DRs, MRs and LPA, respectively. In 2015,
the age-specific pattern of disease burden (PAF and rates
of death and DALYs) attributable to MRs and LPA in
Ethiopia was similar with the average age-specific esti-
mates pattern of Eastern SSA countries. The pattern of
age-specific disease burden attributable to DRs was rela-
tively higher for Ethiopia compared to the average of
Eastern SSA countries, although it was not significantly
different based on the uncertainty intervals (data not
shown).

Discussion

This systematic investigation of disease burden attribut-
able to CMU, DRs, MRs and LPA in Ethiopia and the
comparison with other 14 Eastern SSA countries pro-
vides, for the first time, a comprehensive picture of mor-
tality and DALYs attributable to nutritional, lifestyle and
metabolic factors. Despite a significant reduction in
CMU-attributable disease, there was an increasing trend
for the burden of disease attributable to DRs, LPA, and
MRs in the country. Our findings show that while a high

burden of CMU-attributable disease still remains, the
burden attributable to DRs, LPA and MRs is also high
and continues to increase. We found that 9%, 10%, and
15% of all-cause mortality in Ethiopia were attributable
to CMU, DRs, and MRs, respectively. Ethiopia was
among four Eastern SSA countries with the highest bur-
den of disease (both in terms of deaths and DALYs)
based on the age-standardized proportion of disease at-
tributable to DRs, MRs and LPA in 2015. These results
call for an increased investment in prevention and con-
trol of the aforementioned risk factors.

Of the 17 risk factors (level 2) in GBD 2015 [38], DRs,
high SBP and CMU were the second (behind air pollu-
tion), third and fourth most common risk factors of deaths
in Ethiopia, respectively. In terms of DALYs, CMU was
still a leading risk factor in the country. DRs and high SBP
were the fifth (behind CMU, air pollution, unsafe water,
sanitation, and handwashing, and unsafe sex) and sixth
most common risk factors, respectively. High FPG (sev-
enth), overweight/obesity (ninth), high total cholesterol
(11"™) and low GFR (12™) were also common risk factors
of deaths in the country. However, of the seven clusters
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(level 2) of behavioral risk factors, DRs were the leading
contributors for deaths in the country and the third
(behind CMU and unsafe sex) for DALYs [38].

In our study, we found that, based on age-standardized
proportion of death in 2015, DRs and MRs were respon-
sible for more deaths than the CMU in Ethiopia. Diets low
in fruits, vegetables, nuts and seeds, and whole grains and
high in sodium were the most common five DRs, each ac-
counting for 2% or more of all-cause deaths, and more
than 4% of all-cause DALYs in the country. It is worth
noting that the issue of diet-related NCD burden is not
only a concern among high-income countries [2, 39]. In
our previous study, we have discussed the need for coordi-
nated efforts to reduce the high burden of disease related
to DR factors of NCDs in Ethiopia [37]. Similarly, a recent
(2016) report [40] indicated that the consumption of fruit
and vegetables was very minimal—only 2.4% of the popu-
lation aged 15—-65 years old consumed five or more serv-
ings of fruit and vegetables per day in Ethiopia. In 2011, it
is reported that cereals (“Teff’, wheat, barley, maize, sor-
ghum and other cereals) contributed to the majority (43%)
of food consumed (kg/adult equivalent/year) in Ethiopia,

while the consumption of vegetables and fruits (10.5%),
pulses (5.1%), animal products (4.6%) and oilseeds (0.1%)
was low [41]. This suggests that the food pattern in the
country is “monotonous” and minimally diversified, which
increases the risk of susceptibility for NCDs [42], micro-
nutrient deficiencies and their associated adverse health
outcomes [43].

In addition, the prevalence of alcohol consumption
(consumption of alcohol in the past 30 days), tobacco
smoking [current tobacco users (daily and non-daily)],
and LPA (less than 600 metabolic equivalent time-
minutes) in Ethiopia was 41%, 4%, and 6%, respectively
[40]. MRs are also major contributors to the high
burden of NCDs in the country. A considerable
prevalence of overweight/obesity (16%), high triglycer-
ide [>150 mg/dl] (21%), raised blood pressure (22%)
and high FPG or diabetes (6%) has been reported [40],
which suggests the public health importance of these
risk factors. The GBD study also found that the preva-
lence of overweight/obesity among people 20 years and
above has significantly increased from 6% (5-7) in 1990
to 14% (12—17) in 2015 in Ethiopia [44]. This highlights
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Fig. 3 Rate and proportion (95% uncertainty interval) of deaths and disability-adjusted life years (DALYs) attributable to low physical activity by age in

the need for coordinated effort and investment to im-
prove dietary quality, create a favorable environment
for physical activity and implement strategies for early
screening and control of MRs in the country parallel to
the continuing investments on CMU.

Although the burden of CMU-attributable disease has
decreased over the past 25 years, the burden is still signifi-
cantly high in Ethiopia. At the same time, there is also a
high burden of NCDs attributable to suboptimal diet and
MR factors in the country. Whereas the age-adjusted pro-
portion of mortality due to NCDs in Ethiopia significantly
increased by 35%, from 42% (39-45) in 1990 to 57% (54—
60) in 2015, deaths due to CMNNDs decreased by 23%,
from 47% (44-50) to 36% (33—-39) over the same time
frame [38]. In addition to the increased burden of DR, life-
style and MR factors, multiple determinants could have
contributed to the dynamics of disease burden in the
country. Health and health-related interventions (including
policies and related investments) in curbing and control-
ling CMNNDs and the risk factors in the country might

have contributed to the current pattern of disease burden
[27, 45]. The increased life expectancy [6] in the country
could be a proxy evidence for the changes in disease dy-
namics and the impact of the interventions. Between 1990
and 2015, the estimated life-expectancy at birth increased
from 43 to 64 years [46], and it was the top-ranked
increase.

Furthermore, previous exposure to food deprivation
and undernutrition (particularly during childhood) could
exacerbate the current burden of lifestyle and metabolic
diseases. It is well recognized that childhood undernutri-
tion increases the susceptibility of adults to NCDs (“fetal
origin” hypothesis) [47-49]. Several mechanisms were
proposed for this association, including structural
changes of organs [50], preference for fatty foods and in-
creased risk of dyslipidemia [51], and epigenetic change
[13, 14]. Epidemiological studies have demonstrated that
early famine exposure increased the risk for a range of
NCDs [52-55], metabolic diseases [52, 54, 56, 57] and
overweight/obesity [57]. Evidence also shows that an
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early-life exposure to food deprivation could modify the
risk of complications of NCDs [58]. Evidence of the im-
pact of previous famine history on the current burden of
disease in Ethiopia is lacking, warranting further investi-
gations in the area.

Ethiopia has successfully implemented large-scale
measures that have improved public health, particularly
in reducing CMNNDs [2]. For instance, the country
achieved MDG-5 (reducing under-five mortality by two-
thirds) in 2013 [25]. Successful public health strategies
on the risk factors of child mortality [2, 25, 31] through
expansion of primary health care has brought a signifi-
cant reduction in child mortality. Our study also
highlighted that CMU-attributed mortality and DALYs
have significantly declined over the past 25 years, al-
though the burden is still significantly high. At the same
time, diet-, lifestyle- and overweight/obesity-related dis-
eases are high and increasing, creating a further chal-
lenge in the health care system and services of the
country. Compared to other Eastern SSA countries,
Ethiopia was among the top four countries with high
burden of disease attributable to DRs, MRs and LPA,
while Kenya had the lowest burden of disease related to
these risk factors. In addition to its national health pol-
icy, the Kenyan government and its partners have devel-
oped a national strategy for prevention and control of
NCDs (2015-2020) [59] with the purpose of providing
more specific emphasis on interventions against NCDs
and their risk factors. This strategic plan provides a plat-
form to specifically focus on reducing NCD risk factors,
allocating resources and designing tailored and coordi-
nated interventions against NCDs.

In Ethiopia, although there have been efforts to prevent
and control NCDs [27, 60], interventions against the high
and growing burden of disease attributable to DR, lifestyle,
and MRs is minimal. Therefore, while continuing to invest
in CMU-attributed disease and the risk factors, it is impera-
tive to design appropriate response for the growing burden
of disease related to suboptimal diet, lifestyle and MR fac-
tors in line with the global initiatives [17, 23, 24]. In
addition to the Health Sector Transformation Plan [27], de-
signing a comprehensive and evidence based plan that spe-
cifically targets reducing NCD burden and risk factors by
sharing experience from other countries with a similar en-
vironment (such as Kenya) is necessary. Revision of the
NCD strategic framework [30] based on latest evidence
should be undertaken. Dietary guidelines and policy should
be developed to promote and guide healthy eating behav-
jors and regulate food supply in the country. Further, des-
pite the high burden of disease attributable to suboptimal
diet and MR, data on food and nutrient intake, behavioral
factors and metabolic markers of NCDs in Ethiopia are very
limited. As part of the investments, the gap in nationally
representative individual level data on these key risk factors
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should be addressed by establishing a national level surveil-
lance system and expanding (in terms of both coverage and
depth) health and demographic surveillance sites in the
country. Studies should also further investigate the impact
of previous food deprivation and undernutrition on the
current burden of NCDs in the country.

This study is not without limitations in spite of the
fact that we have used data from GBD that uses robust
methods to collate and analyze data. Detailed methodo-
logical shortfalls of the overall estimation process and
risk factors have been discussed elsewhere [2, 37]. Spe-
cific limitations to the current study are discussed here.
First, shortage of data, particularly on DRs, MRs and
LPA, is a major challenge to estimating the exposure
level. To assist in addressing this, the modeling strat-
egies ST-GPR and DisMod-MR 2.1 were used, where
data from the region, super-region and global levels con-
tributed to country level estimates. However, the uncer-
tainty intervals of the estimates are wider for these risk
factors. Secondly, we did not assess the difference be-
tween urban versus rural area estimates, and differences
across regions, as the distribution of risk factors and dis-
ease burden could potentially be different in these set-
tings [40]. Thirdly, the correlation among risk factors
(for instance, among DR factors) is another potential
limitation. Fourthly, residual confounding could affect
the estimates of relative risks. Lastly, the use of similar
effect size (relative risks) across countries (for a given
age-sex category) could be a potential drawback as the
effect of a risk factor in different population groups
could have a different effect on a disease outcome [2].

Conclusions

In summary, while Ethiopia has significantly reduced the
burden of CMU attributable disease, the burden attribut-
able to DRs and MRs of NCDs, and LPA increased over
the past 25 years. However, despite the reduction, the bur-
den of disease attributable to CMU is still a public health
problem. In 2015, a higher age-standardized proportion of
deaths were due to diseases attributable to DRs and MRs
of NCDs compared to those CMU-attributed. This reflects
the country’s success and challenge in curbing nutrition-,
metabolic- and lifestyle-related diseases. To effectively
mitigate the challenge, policies should target DRs, MRs
and other behavior-related factors in addition to the ef-
forts to reduce undernutrition. Given the enormous cost
of diseases associated with lifestyle factors and MRs for
the individual and the healthcare system, future invest-
ments on the scaling-up of prevention and control of
these risk factors are required to effectively address the
growing health challenge in Ethiopia. Policies and guide-
lines should be designed to mitigate the behavioral and
MR factors during the SDG era. A collective and inte-
grated multi-sectoral approach is required to successfully



Melaku et al. BMC Public Health (2018) 18:552

prevent and control NCDs and their risk factors. Lifestyle
and MRs of NCDs also require more attention in the pri-
mary health care system. In this regard, replicating the
primary health care approach, which has been successful
in reducing CMNND, could bring further success in pre-
vention and control of NCDs and their risk factors. The
establishment of a community-based national surveillance
system to collate determinants of NCDs in the country,
such as dietary, behavioral and metabolic factors, will
further assist the anticipated interventions.

Additional file

Additional file 1: Table S1. Risk factors, definitions, minimum
theoretical risk exposure levels and data representative index. Table S2.
Data sources used for estimation of mortality and disability-adjusted life
years associated with maternal and child under nutrition, low physical
activity, dietary and metabolic risk factors in Ethiopia in the Global Burden
of Disease (GBD) Study. Table S3. Covariates and mediators used in
Global Burden of Disease 2015 dietary risk factors study. Figure S1. Rate
and proportion of deaths and disability-adjusted life years (DALYs)
attributable to high body mass index by age in Ethiopia, 2015 (Proportion
was calculated out of all-cause of death). Figure S2. Trend of mortality
and DALYs (age-standardized rate and proportion) attributable to child
and maternal undernutrition (CMU), dietary and metabolic risks in
Ethiopia, 1990-2015 (Proportion was calculated out of all-cause of death).
Figure S3. Trend of mortality and DALYs (age-standardized rate and
proportion) attributable to low physical activity in Ethiopia, 1990-2015
(Proportion was calculated out of all-cause of death). (PDF 962 kb)

Abbreviations

BMI: Body mass index; CMNND: Communicable, maternal, neonatal,
nutritional diseases; CMU: Child and maternal undernutrition; DALYs: Disability-
adjusted life years; DR: Dietary risk; FAO: Food and Agriculture Organization;
FPG: Fasting plasma glucose; GBD: Global Burden of Disease; LPA: Low physical
activity; MR: Metabolic risk; NCD: Noncommunicable disease; SBP: Systolic blood
pressure; SSA: Sub-Saharan Africa; TMREL: Theoretical minimum-risk exposure
levels; WHO: World Health Organization

Acknowledgments

We are grateful for the GBD team in the Institute for Health Metrics and
Evaluation at the University of Washington for providing the data. YAM,
MMW, GAT, and ATA are thankful for the support provided by the Australian
Government Research Training Program Scholarship.

Funding

This particular study was not funded. GBD 2015 is funded by Bill & Melinda
Gates Foundation. Kebede Deribe is funded by a Wellcome Trust Intermediate
Fellowship in Public Health and Tropical Medicine (Grant Number 201900).

Availability of data and materials
All the data we used are publicly available online on the official website of
Institute of Health Metrics and Evaluation.

Authors’ contributions

Conceptualization: YAM, MMW, GAT, ATA, KD, AM and AD. Leading the
overall coordination: YAM. Data compilation and analysis: YAM. Writing the
first draft: YAM and MMW. Data interpretation: YAM, MMW, TKG, SJZ, GAT,
ATA, KD, RA, ZS, AM and AD. Data provision: YAM, MMW, GAT, ATA, YL, KD,
AM and AD. Critical revision of the manuscript: TKG, SJZ, GAT, ATA, FHT, AH,
THB, BDY, AW, OS, KE, FL, RA, ZS, KD, AM and AD. Read and approved the
final manuscript: All authors.

Ethics approval and consent to participate
Not applicable. All the data we used are publicly available.

Page 18 of 20

Consent for publication
Not applicable because the manuscript does not include details, images, or
videos relating to individual participants.

Competing interests
All authors declare 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

'Department of Human Nutrition, Institute of Public Health, The University of
Gondar, Gondar, Ethiopia. ’Adelaide Medical School, The University of
Adelaide, Adelaide, Australia. *School of Agriculture, Food and Wine, Faculty
of Sciences, University of Adelaide, Adelaide, Australia. 4Department of
Reproductive Health, Institute of Public Health, University of Gondar, Gondar,
Ethiopia. 3School of Public Health, The University of Adelaide, Adelaide,
Australia. “Discipline of Psychiatry, School of Medicine, The University of
Adelaide, Adelaide, Australia. ’School of Medicine and Health Sciences, Bahir
Dar University, Bahir Dar, Ethiopia. ®Department of Epidemiology, University
Medical Center Groningen, the University of Groningen, Groningen, The
Netherlands. °Ethiopian Public Health Association, Addis Ababa, Ethiopia.

"% ederal Ministry of Health, Addis Ababa, Ethiopia. ''Food Science and
Nutrition Research Directorate, Ethiopian Public Health Institue, Addis Ababa,
Ethiopia. '“Department of Public Health Sciences, Addis Continental Institute
of Public Health, Addis Ababa, Ethiopia. "*Department of Nutrition and
Dietetics, School of Public Health, Mekelle University, Mekelle, Ethiopia.
"“Department of Epidemiology and Biostatics, School of Public Health,
Mekelle University, Mekelle, Ethiopia. '°Flinders University, Southgate Institute
for Health, Society and Equity, Adelaide, Australia. '°The University of South
Australia, Adelaide, SA, Australia. '"Wellcome Trust Brighton and Sussex
Centre for Global Health Research, Brighton and Sussex Medical School,
Brighton BNT 9PX, UK. '®School of Public Health, Addis Ababa University,
Addis Ababa, Ethiopia. '“Health Observatory, Discipline of Medicine, The
Queen Elizabeth Hospital, The University of Adelaide, Adelaide, Australia.
“Hurman Nutrition Department, College of Health Sciences, Qatar University,
Doha, Qatar. 'Institute of Health Metrics and Evaluation, University of
Washington, Seattle, USA. ’Nutrition International, Addis Ababa, Fthiopia.
235t Paul Millennium Medical College, Addis Ababa, Ethiopia.

Received: 12 September 2017 Accepted: 11 April 2018
Published online: 25 April 2018

References

1. UNICEF/WHO/World Bank Group. Joint child malnutrition estimates: key
findings of the 2017 edition. Washington DC: UNICEF/WHO/World Bank
Group; 2017.

2. Forouzanfar MH, Afshin A, Alexander LT, Anderson HR, Bhutta ZA, Biryukov
S, Brauer M, Burnett R, Cercy K, Charlson FJ, et al. Global, regional, and
national comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks, 1990-2015: a
systematic analysis for the Global Burden of Disease Study 2015. Lancet.
2016;388(10053):1659-724.

3. The International Food Policy Research Institute (IFPRI). Global nutrition
report 2016. Washington DC: IFPRI; 2016.

4. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index
in 200 countries from 1975 to 2014: a pooled analysis of 1698 population-
based measurement studies with 19-7; 2 million participants. Lancet. 2016;
387:1377-96.

5. WHO. The top 10 causes of death (fact sheet). Geneva: World Health
Organization; 2017.

6. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, Casey DC,
Charlson FJ, Chen AZ, Coates MM, et al. Global, regional, and national life
expectancy, all-cause mortality, and cause-specific mortality for 249 causes
of death, 1980-2015: a systematic analysis for the Global Burden of Disease
Study 2015. Lancet. 2016;388(10053):1459-544.

7. Mozaffarian D, Fahimi S, Singh GM, Micha R, Khatibzadeh S, Engell RE, Lim S,
Danaei G, Ezzati M, Powles J. Global sodium consumption and death from
cardiovascular causes. N Engl J Med. 2014;371:624-34.


https://doi.org/10.1186/s12889-018-5438-1

Melaku et al. BMC Public Health (2018) 18:552

20.

21.

22.

23.

24.

25.

26.

27.

28.

Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, Marczak L,
Mokdad AH, Moradi-Lakeh M, et al. Health effects of overweight and
obesity in 195 countries over 25 years. N Engl J Med. 2017,377(1):13-27.
Powles J, Fahimi S, Micha R, Khatibzadeh S, Shi P, Ezzati M, Engell RE, Lim
SS, Danaei G, Mozaffarian D, et al. Global, regional and national sodium
intakes in 1990 and 2010: a systematic analysis of 24 h urinary sodium
excretion and dietary surveys worldwide. BMJ Open. 2013;3(12):e003733.
https://doi.org/10.1136/bmjopen-2013-003733.

Vancampfort D, Koyanagi A, Ward PB, Rosenbaum S, Schuch FB, Mugisha J,
Richards J, Firth J, Stubbs B. Chronic physical conditions, multimorbidity and
physical activity across 46 low- and middle-income countries. Int J Behav
Nutr Phys Act. 2017;14:6.

Schwarz PE, Towers GW, van der Merwe A, Perez-Perez L, Rheeder P,
Schulze J, Bornstein SR, Licinio J, Wong ML, Schutte AE, Olckers A. Global
meta-analysis of the C-11377G alteration in the ADIPOQ gene indicates the
presence of population-specific effects: challenge for global health
initiatives. Pharmacogenomics J. 2009;9:42-8.

Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, Sachdev HS, for
the M, Child Undernutrition Study G. Maternal and child undernutrition:
consequences for adult health and human capital. Lancet. 2008;371:340-57.
Canani RB, Di Costanzo M, Leone L, Bedogni G, Brambilla P, Cianfarani S,
Nobili V, Pietrobelli A, Agostoni C. Epigenetic mechanisms elicited by
nutrition in early life. Nutr Res Rev. 2011;24:198-205. M193 - 110.1017/
S0954422411000102

Waterland RA, Jirtle RL. Early nutrition, epigenetic changes at transposons
and imprinted genes, and enhanced susceptibility to adult chronic diseases.
Nutrition. 2014;20:63-8.

Lelijveld N, Seal A, Wells JC, Kirkby J, Opondo C, Chimwezi E, Bunn J,
Bandsma R, Heyderman RS, Nyirenda MJ, Kerac M. Chronic disease
outcomes after severe acute malnutrition in Malawian children (ChroSAM): a
cohort study. Lancet Glob Health. 2016;4:e654-62.

Dulloo AG, Jacquet J, Seydoux J, Montani JP. The thrifty /'catch-up fat/’
phenotype: its impact on insulin sensitivity during growth trajectories to
obesity and metabolic syndrome. Int J Obes. 2006;30:523-35.

WHO. The double burden of malnutrition. Policy brief. Geneva: World
Health Organization; 2017. http://apps.who.int/iris/bitstream/10665/255413/
1/WHO-NMH-NHD-17.3-eng.pdf. Accessed 17 June 2017

Kosaka S, Umezaki M. A systematic review of the prevalence and
predictors of the double burden of malnutrition within households. Br J
Nutr. 2017:1-10.

Omran AR. The epidemiologic transition: a theory of the epidemiology of
population change. The Milbank Quarterly. 2005;83:731-57.

Misganaw A, Haregu TN, Deribe K, Tessema GA, Deribew A, Melaku YA,
Amare AT, Abera SF, Gedefaw M, Dessalegn M, et al. National mortality
burden due to communicable, non-communicable, and other diseases in
Ethiopia, 1990-2015: findings from the Global Burden of Disease Study
2015. Popul Health Metrics. 2017;15:29.

Agyei-Mensah S, de-Graft Aikins A. Epidemiological transition and the
double burden of disease in Accra, Ghana. J Urban Health. 2010,87:879-97.
Popkin BM. Nutrition transition and the global diabetes epidemic. Curr
Diabetes Rep. 2015;15:64.

World Health Organization. United Nations decades of action on nutrition:
World Health Organization; 2016. http://www.who.int/nutrition/decade-of-
action/en/. Accessed on: 4 Jan 2017

Sustainable Development Knowledge Platform. Available at: https://
sustainabledevelopment.un.org/. Accessed 13 Dec 2016.

Deribew A, Tessema GA, Deribe K, Melaku YA, Lakew Y, Amare AT, Abera SF,
Mohammed M, Hiruye A, Teklay E, et al. Trends, causes, and risk factors of
mortality among children under 5 in Ethiopia, 1990-2013: findings from the
Global Burden of Disease study 2013. Popul Health Metrics. 2016;14:42.
Federal Democratic Republic of Ethiopia, Ministry of Health. Health sector
development plan (HSDP-Il) 2005/6-2009/10. Addis Ababa: Ministry of
Health; 2005.

Federal Democratic Republic of Ethiopia, Ministry of Health. Overview of the
Ministry. Addis Ababa. http://www.moh.gov.et/web/guest/overview-of-the-
ministry. Accessed 6 Jan 2018.

Misganaw A, Melaku YA, Tessema GA, Deribew A, Deribe K, Abera SF,
Dessalegn M, Lakew Y, Bekele T, Haregu TN, et al. National disability-
adjusted life years (DALYs) for 257 diseases and injuries in Ethiopia,
1990-2015: findings from the Global Burden of Disease study 2015.
Popul Health Metrics. 2017;15:28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 19 of 20

Government of the Federal Democratic Republic of Ethiopia. National
Nutrition Programme I, 2013-2030. Ethiopia: FMH, Addis Ababa; 2015.
Federal Ministry of Health Ethiopia. Prevention and control of chronic
noncommunicable diseases strategic framework November 2010. Addis
Ababa: Federal Ministry of Health; 2010.

Federal Democratic Republic of Ethiopia, Ministry of Health. Health sector
development plan (HSDP-IV) 2010-2015. Addis Ababa: Ministry of Health;
2010.

Global Burden of Disease Study 2015. Global Burden of Disease Study 2015
(GBD 2015) results by location, cause, and risk factor. Seattle: Institute for
Health Metrics and Evaluation (IHME); 2016.

Vos T, Allen C, Arora M, Barber RM, Bhutta ZA, Brown A, Carter A, Casey DC,
Charlson FJ, Chen AZ, et al. 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(10053):1545-602.

Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, Grove JT,
Hogan DR, Hogan MC, Horton R, et al. Guidelines for accurate and
transparent health estimates reporting: the GATHER statement. Lancet. 2016;
388:219-23.

Murray CJ, Lopez AD. Global mortality, disability, and the contribution of risk
factors: Global Burden of Disease study. Lancet. 1997;349:1436-42.

World Cancer Research Fund, American Institute for Cancer Research. Food,
nutrition, physical activity, and the prevention of cancer: a global
perspective. Washington DC: AICR; 2007.

Melaku YA, Temesgen AM, Deribew A, Tessema GA, Deribe K, Sahle BW,
Abera SF, Bekele T, Lemma F, Amare AT, et al. The impact of dietary risk
factors on the burden of non-communicable diseases in Ethiopia: findings
from the Global Burden of Disease study 2013. Int J Behav Nutr Phys Act.
2016;13:122.

Institute for Health Metrics and Evaluation (IHME). GBD Compare. Seattle,
WA: IHME, University of Washington; 2015. Available from http://vizhub.
healthdata.org/gbd-compare. Accessed 20 Oct 2016

Popkin BM. Global nutrition dynamics: the world is shifting rapidly toward a
diet linked with noncommunicable diseases. Am J Clin Nutr. 2006;84:289-98.
Ethiopian Public Health Institute. Ethiopia STEPS report on prevalence
and risk factors of non-communicable diseases. Addis Ababa: EPHI;
2016.

Hassen IW, Dereje M, Minten B, Hirvonen K. Diet transformation in
Africa: the case of Ethiopia. Ethiopia strategy support program (ESSP),
2016. Washington DC: The International Food Policy Research Institute
(IFPRI); 2016.

Nishida C, Uauy R, Kumanyika S, Shetty P. The joint WHO/FAO expert
consultation on diet, nutrition and the prevention of chronic diseases:
process, product and policy implications. Public Health Nutr. 2004;7:245-50.
Maller O, Krawinkel M. Malnutrition and health in developing countries. Can
Med Assoc J. 2005;173:279.

Institute for Health Metrics and Evaluation (IHME). Overweight and obesity
Viz. Seattle: IHME, University of Washington; 2017. Available from http://
vizhub.healthdata.org/obesity. Accessed 5 July 2017

Balabanova D, Mills A, Conteh L, Akkazieva B, Banteyerga H, Dash U, Gilson
L, Harmer A, Ibraimova A, Islam Z, et al. Good health at low cost 25 years
on: lessons for the future of health systems strengthening. Lancet. 2013;381:
2118-33.

Institute for Health Metrics and Evaluation (IHME). Life Expectancy & Probability
of death data visualization. Seattle, WA: IHME, University of Washington; 2016.
Available from http://vizhub.healthdata.org/le/. Accessed 6 July 2017

Godfrey KM, Barker DJ. Fetal nutrition and adult disease. Am J Clin Nutr.
2000;71:1344s-52s.

Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of in utero
and early-life conditions on adult health and disease. N Engl J Med.
2008;359:61-73.

Hales CN, Barker DJ. The thrifty phenotype hypothesis. Br Med Bull.
2001;60:5-20.

Heijmans BT, Tobi EW, Stein AD, Putter H, Blauw GJ, Susser ES, Slagboom PE,
Lumey LH. Persistent epigenetic differences associated with prenatal
exposure to famine in humans. Proc Natl Acad Sci U S A. 2008;105:17046-9.
Lussana F, Painter RC, Ocke MC, Buller HR, Bossuyt PM, Roseboom TJ.
Prenatal exposure to the Dutch famine is associated with a preference for
fatty foods and a more atherogenic lipid profile. Am J Clin Nutr. 2008;88(6):
1648-52. https://doi.org/10.3945/ajcn.2008.26140.


https://doi.org/10.1136/bmjopen-2013-003733
http://apps.who.int/iris/bitstream/10665/255413/1/WHO-NMH-NHD-17.3-eng.pdf
http://apps.who.int/iris/bitstream/10665/255413/1/WHO-NMH-NHD-17.3-eng.pdf
http://www.who.int/nutrition/decade-of-action/en
http://www.who.int/nutrition/decade-of-action/en
https://sustainabledevelopment.un.org
https://sustainabledevelopment.un.org
http://www.moh.gov.et/web/guest/overview-of-the-ministry
http://www.moh.gov.et/web/guest/overview-of-the-ministry
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/obesity
http://vizhub.healthdata.org/obesity
http://vizhub.healthdata.org/le
https://doi.org/10.3945/ajcn.2008.26140

Melaku et al. BMC Public Health (2018) 18:552

52.

53.

54.

55.

56.

57.

58.

59.

60.

Li Y, He Y, Qi L, Jaddoe VW, Feskens EJ, Yang X, Ma G, Hu FB. Exposure to
the Chinese famine in early life and the risk of hyperglycemia and type 2
diabetes in adulthood. Diabetes. 2010;59:2400-6.

Wang J, Li Y, Han X, Liu B, Hu H, Wang F, Li X, Yang K, Yuan J, Yao P, et al.
Exposure to the Chinese famine in childhood increases type 2 diabetes risk
in adults. J Nutr. 2016;146:2289-95.

Zheng X, Wang Y, Ren W, Luo R, Zhang S, Zhang JH, Zeng Q. Risk of
metabolic syndrome in adults exposed to the great Chinese famine during
the fetal life and early childhood. Eur J Clin Nutr. 2012;66:231-6.

Huang C, Li Z, Wang M, Martorell R. Early life exposure to the 1959-1961
Chinese famine has long-term health consequences. J Nutr. 2010;140:1874-8.
Li Y, Jaddoe VW, Qi L, He Y, Wang D, Lai J, Zhang J, Fu P, Yang X, Hu FB.
Exposure to the chinese famine in early life and the risk of metabolic
syndrome in adulthood. Diabetes Care. 2011;34:1014-8.

Wang Y, Wang X, Kong Y, Zhang JH, Zeng Q. The great Chinese famine
leads to shorter and overweight females in Chongging Chinese population
after 50 years. Obesity (Silver Spring). 2010;18:588-92.

Shi Z, Nicholls SJ, Taylor AW, Magliano DJ, Appleton S, Zimmet P. Early life
exposure to Chinese famine modifies the association between hypertension
and cardiovascular disease. Hypertension. 2017;35:1. https.//doi.org/10.1097/
HJH.0000000000001496.

Republic of Kenya Ministry of Health. Kenya national strategy for the
prevention and control of non-communicable diseases (2015-2020). Ministry
of Health. 2016,2016

Federal Ministry of Health of Ethiopia. National Cancer Control Plan
(2016-2020). Addis Ababa, Ethiopia: Ministry of health; 2015.

Page 20 of 20

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

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

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

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

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/HJH.0000000000001496.
https://doi.org/10.1097/HJH.0000000000001496.

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study overview
	Data sources and exposure levels
	Relative risks
	Attributable mortality and DALYs and uncertainties

	Results
	Burden of disease attributable to CMU, DRs, MRs and LPA in 2015, Ethiopia (crude estimates)
	Trend of disease burden attributable to CMU, DRs, MRs and LPA between 1990 and 2015, Ethiopia
	Comparison with other East African countries

	Discussion
	Conclusions
	Additional file
	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

