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Abstract 88 

Background: Twelve of the 17 Sustainable Development Goals (SDGs) are related to 89 

malnutrition (both under- and overnutrition), other behavioral, and metabolic risk factors. 90 

However, comparative evidence on the impact of behavioral and metabolic risk factors on 91 

disease burden is limited in sub-Saharan Africa (SSA), including Ethiopia. Using data from the 92 

Global Burden of Disease (GBD) Study, we assessed mortality and disability-adjusted life years 93 

(DALYs) attributable to child and maternal undernutrition (CMU), dietary risks, metabolic risks 94 

and low physical activity for Ethiopia. The results were compared with 14 other Eastern SSA 95 

countries.  96 

Methods: Databases from GBD 2015, that consist of data from 1990 to 2015, were used. A 97 

comparative risk assessment approach was utilized to estimate the burden of disease attributable 98 

to CMU, dietary risks, metabolic risks and low physical activity. Exposure levels of the risk 99 

factors were estimated using spatiotemporal Gaussian process regression (ST-GPR) and 100 

Bayesian meta-regression models.  101 

Results: In 2015, there were 58,783 [95% uncertainty interval (UI): 43,653-76,020] or 8.9% 102 

[95% UI: 6.1-12.5] estimated all-cause deaths attributable to CMU, 66,269 [95% UI: 39,367-103 

106,512] or 9.7% [95% UI: 7.4-12.3] to dietary risks, 105,057 [95% UI: 66,167-157,071] or 104 

15.4% [95% UI: 12.8-17.6] to metabolic risks and 5808 [95% UI: 3449-9359] or 0.9% [95% UI: 105 

0.6-1.1]to low physical activity in Ethiopia. While the age-adjusted proportion of all-cause 106 

mortality attributable to CMU decreased significantly between 1990 and 2015, it increased from 107 

10.8% [95% UI: 8.8-13.3] to 14.5% [95% UI: 11.7-18.0] for dietary risks and from 17.0% [95% 108 

UI: 15.4-18.7] to 24.2% [95% UI: 22.2-26.1] for metabolic risks. In 2015, Ethiopia ranked 109 

among the top four countries (of 15 Eastern SSA countries) in terms of mortality and DALYs 110 

based on the age-standardized proportion of disease attributable to dietary risks and metabolic 111 

risks. 112 

Conclusions: In Ethiopia, while there was a decline in mortality and DALYs attributable to 113 

CMU over the last two and half decades, the burden attributable to dietary and metabolic risks 114 

have increased during the same period. Lifestyle and metabolic risks of NCDs require more 115 

attention by the primary health care system of in the country.      116 
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Background 133 

Overall prevalence and burden of disease related to undernutrition have declined worldwide [1, 2], 134 

with a prediction of further success in reducing the health problem in regions and nations with the 135 

high burden, such as sub-Saharan African (SSA) countries [3]. At the same time, the burden of 136 

non-communicable diseases (NCDs) and their behavioral and metabolic risks (MRs) have 137 

increased [1, 2, 4-7]. Particularly, in developing countries, despite significant progress in tackling 138 

undernutrition and associated communicable, maternal, neonatal and nutritional diseases 139 

(CMNNDs), the burden of NCDs due to a range of health risk factors has increased [2, 6]. On top 140 

of the health sequela associated with child and maternal undernutrition (CMU) in low-income 141 

countries (LICs), dietary risks (DRs), low physical activity (LPA) and MRs have contributed to 142 

the growing burden of NCDs [4, 8-10]. Evidence also shows CMU in early life can potentially 143 

contribute to the burden of NCDs [11-16]. The double burden of malnutrition (over- and 144 

undernutrition) with a unique and unusual (non-classical) pattern of epidemiological transition 145 

(persistent high burden of CMNNDs despite the emerging burden of NCDs) [17-22] is the growing 146 

and unprecedented challenge for these countries.  147 

Global initiatives have already recognized this phenomenon in LICs, and efforts have been geared 148 

to tackle associated factors and challenges [17]. For instance, the United Nations General 149 

Assembly labeled the decade 2015-2025 as the “Decade of Action on Nutrition” with the aim of 150 

improving overall human nutrition [23]. Moreover, 12 of the 17 Sustainable Development Goals 151 

(SDGs) are also related to malnutrition (both under- and overnutrition) and other behavioral risk 152 

factors. In particular, the second and third SDGs recognized hunger (undernutrition) and NCDs as 153 

major global challenges [24].  154 
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Ethiopia has implemented successful national programs such as primary health care which have 155 

led to tremendous public health results, including reduced child mortality [25] and increased life 156 

expectancy [6]. These achievements were mainly because of the high priority that the Ethiopian 157 

government has placed on its health policies and programs for CMNNDs, with increased 158 

investments in these areas [26, 27]. On the other hand, NCDs have been largely ignored in national 159 

programs and strategies despite the existing evidence that shows the high and increasing burden 160 

of NCDs in the country [20, 28]. Recently, in line with the global initiatives [23, 24], the 161 

government of Ethiopia has recognized the importance of addressing communicable diseases, 162 

nutritional deficiencies, maternal and neonatal disorders, and risk factors for NCDs simultaneously 163 

[27]. Particularly, efforts have been focused on reducing the burden of disease associated with 164 

major health risk factors, such as undernutrition, lifestyle and the MR factors of NCDs [27, 29]. 165 

However, limited and unreliable data on these risk factors have been a longstanding challenge to 166 

measure the performance of previous programs [26, 30, 31] and to establish a baseline for future 167 

interventions in Ethiopia [27]. In particular, the relative contribution and impact of undernutrition, 168 

lifestyle and MR factors on the current disease burden in the country have not been investigated. 169 

The Global Burden of Disease 2015 data provides an ideal platform and opportunity to assess the 170 

burden of these factors. 171 

In this study, we aimed to assess the mortality and disability-adjusted life years (DALYs) attributed 172 

to CMU, DRs, MRs and LPA in Ethiopia using data from the GBD Study [32]. In addition, we 173 

investigated the trend of the burden attributable to these risk factors between 1990 and 2015 in 174 

Ethiopia compared with the other 14 Eastern SSA countries. Our study will help to understand the 175 

current burden of disease attributable to the risk factors and evaluate the progress of Ethiopia in 176 

addressing these risks compared to countries in the region. Findings can also serve as baseline data 177 
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for planning future interventions which will further contribute to policy and decision making in 178 

the country. 179 

Methods 180 

Study overview 181 

GBD is an international collaborative effort that coordinates resources, including data and 182 

expertise, to collate and disseminate health and health-related evidence at global, region, sub-183 

region, national and sub-national levels. It uses comprehensive data sources and rigorous 184 

analysis to estimate the burden of disease and the risk factors [2, 6, 33]. In this study, we use 185 

GBD 2015 databases that include estimates of disease burden and risk factors from 1990 to 2015 186 

[32].  187 

Details of data sources and collation and computation process for estimating GBD 2015 risk 188 

factors are published elsewhere [2]. The GBD used Guidelines for Accurate and Transparent 189 

Health Estimates Reporting (GATHER), a newly developed tool [34], to report methods and 190 

results. The GBD study also uses a comparative risk assessment (CRA) approach which is based 191 

on a causal framework and hierarchy of risk factors. CRA is an important analytical approach to 192 

gather data on risk factors and to estimate their relative contribution to a disease burden [35]. 193 

Within the CRA framework, risk factors are organized into four hierarchies (levels 1 to 4) [35]. 194 

In GBD 2015, 79 granular and specific risks (level 4) were classified into three major risk 195 

aggregates (behavioral, environmental/occupational and MR), which are at level 1 [2]. Risk-196 

disease pairs with convincing or probable evidence were included as GBD 2015 risk factors [2, 197 

36].   198 
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In our study, estimates of deaths and DALYs attributable to three behavioral risks (CMU, DRs 199 

and LPA) and five MR factors (high systolic blood pressure (SBP), high fasting plasma glucose 200 

(FPG) level, high body mass index (BMI), high total cholesterol and impaired kidney function), 201 

by sex and age for Ethiopia from 1990 to 2015, are presented. Childhood wasting, underweight 202 

and stunting, non-exclusive breast feeding, discontinued breast feeding, and iron, vitamin A, and 203 

zinc deficiencies were included under CMU. DR factors (of NCDs) included diets low in fruits, 204 

vegetables, whole grains, nuts and seeds, seafood omega-3 fatty acids, calcium, milk, fiber, 205 

polyunsaturated fatty acids, and high in sodium, processed meat, trans fatty acids, sugar-206 

sweetened beverages and red meat. The risk factors included were defined using the GBD’s 207 

definition [2], and their definitions are shown in Supplementary Table 1.  208 

We compared the burden of disease attributable to CMU, DRs, MRs and LPA with the other 14 209 

Eastern SSA countries based on the GBD geographical classification (Burundi, Comoros, 210 

Djibouti, Eritrea, Kenya, Madagascar, Malawi, Mozambique, Rwanda, Somalia, South Sudan, 211 

Tanzania, Uganda, and Zambia). Countries were ranked from highest (first) to lowest (15th) 212 

based on age-standardized population attributable fraction (PAF) of the risk factors for all-cause 213 

of deaths and DALYs. The PAF refers to the proportion of disease burden (mortality or DALYs) 214 

attributable to the risk factors [2].  215 

Data sources and exposure levels 216 

Data sources used for each country in the Eastern SSA countries can be accessed on the Global 217 

Health Data Exchange (http://ghdx.healthdata.org/). Supplementary Table 2 provides data 218 

sources used to estimate exposure levels of CMU, DRs, MRs and LPA for Ethiopia. For CMU, 219 

data were collated from various sources, including demographic and health surveys, and the 220 

http://ghdx.healthdata.org/
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Food and Agriculture (FAO) Food Balance Sheet, and United Nations International Children's 221 

Emergency Fund (UNICEF) and World Health Organization (WHO) databases [2].  222 

Multiple data sources, including the FAO Food Balance Sheet and household budget surveys, 223 

were used to estimate exposure levels of dietary risks of NCDs. For trans fatty acids, availability 224 

of partially hydrogenated vegetable oil packaged foods was used. All dietary risk factors were 225 

standardized to 2000 kcal/day except urinary sodium and sugar-sweetened beverages. The 226 

methods for estimating the burden of disease related to dietary risks in Ethiopia have been 227 

published previously [37]. For MRs, data were collated from sources, including surveys, 228 

longitudinal studies, published literature which provided both measured or self-reported MRs. 229 

For LPA, the WHO’s non-communicable disease risk factor surveys were used [2].  230 

Two main modeling strategies were used to estimate the exposure levels of risk factors: 1) a 231 

spatiotemporal Gaussian process regression model (ST-GPR) and; 2) a Bayesian meta-regression 232 

model (DisMod-MR 2.1) which are mixed effect models that borrow information across 233 

geographies (global, super-region, region, nation and subnational), age, sex, and time. These 234 

approaches allow for the pooling of data from different sources and adjustment of bias. 235 

Covariates that potentially effect the intake level of individual dietary risk factors were 236 

incorporated to assist in the predictions for locations and time where there is a lack of data. For 237 

instance, being landlocked (yes/no) was used to estimate intake level of seafood omega-3 fatty 238 

acids. Adjustments, including age-sex splitting, adding study level covariates, and bias correction 239 

for all risk factors were performed [2]. Study level covariates that could potentially impact the 240 

estimates of dietary exposure, such as dietary data collection methods (i.e., 24-hour diet recall, 241 

food frequency questionnaire, household budget surveys, or FAO Food Balance Sheets), were 242 
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considered in the model. Country and study level covariates used in the modeling of DRs are 243 

shown in Supplementary Table 3.  244 

Relative risks 245 

Relative risks of risk-disease pairs were obtained from meta-analyses of prospective 246 

observational studies or randomized controlled trials. The GBD 2015 risk factors paper contains 247 

detailed methods on how the relative risks of each of the risk factors were estimated [2]. 248 

Metabolic mediators (through which a risk factor may have an effect) of DRs are provided in 249 

Supplementary Table 3.   250 

Attributable mortality and disability-adjusted life years and uncertainties 251 

The proportion of mortality and DALYs that could have been prevented if the exposure level of a 252 

risk factor had been sustained at the level associated with the lowest risk was calculated. The 253 

level of exposure that is associated with the lowest risk is called theoretical minimum-risk 254 

exposure level (TMREL). A 20% uncertainty range below and above the TMREL was applied 255 

(Supplementary Table 1).  256 

To determine the mortality and DALYs attributable to the risk factors, the PAF was firstly 257 

determined using the following inputs: the exposure level for each risk factor: relative risks, 258 

TMREL, and the total number of deaths from the specific disease. Using the Monte Carlo 259 

approach, the uncertainty of parameters for exposure, relative risk, attributable mortality and 260 

DALYs [summing up years lived with disability (YLDs) and years of life lost (YLLs)] were 261 

calculated with 1000 repeated draws. Detailed formulas and computation approaches are 262 

provided elsewhere [2, 6]. 263 
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In this study, both crude and adjusted estimates of deaths and DALYs attributed to CMU, DRs, 264 

MRs and LPA are provided. The GBD world population standard was used for the computation 265 

of age-standardized estimates. Results are presented as means with 95% uncertainty intervals 266 

(UI) in parenthesis. We calculated parentage change on the basis of the point estimates. 267 

Results 268 

Burden of disease attributable to CMU, DRs, MRs and LPA in 2015, Ethiopia 269 

(crude estimates) 270 

In 2015, there were 58,783 [43,653-76,020], 66,269 [39,367-106,512], 105,057 [66,167-271 

157,071] and 5808 [3449-9359] estimated deaths attributable to CMU, DRs, MR and LPA in 272 

both sexes in Ethiopia, respectively. Of all deaths, 8.9% [6.1-12.5], 9.7% [7.4-12.3], 15.4% 273 

[12.8-17.6] and 0.9% [0.6-1.1] were attributable to CMU, DRs, MRs and LPA, respectively. 274 

These represent 17.7% [12.8-23.0] deaths due to CMNND, 23.1% [18.6-28.5], 34.3% [31.3-275 

37.3] and 2.0% [1.4-2.7] due to NCD deaths, respectively. CMU, DRs, MRs and LPA were 276 

associated with 5,312,975 [4,068,319-6,720,367], 1,698,099 [1,026,366-2,736,469], 2,706,312 277 

[1,755,853-4,005,055] and 140,484 [84,760-224,637] estimated DALYs, representing 23.2% 278 

[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 279 

DALYs in 2015 in the country, respectively (Table 1). 280 

When considering specific risk factors of CMU, childhood wasting (13.4% [8.9-18.1]), 281 

underweight, (5.2% [3.0-8.5]), non-exclusive breast feeding (3.3% [1.6-5.5]) and stunting (3.3% 282 

[1.3-6.6]) were the most common contributors of deaths due to CMNND in 2015. Of the DRs, a 283 

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 284 

and seeds (4.3% [2.7-6.3]) and high in sodium (4.5% [0.8-11.9]) were most common risks of 285 
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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], 286 

and 4.1% [3.3-5.0] of NCD deaths were attributable to high SBP, high FPG, high BMI, high total 287 

cholesterol and impaired kidney function, respectively. Childhood wasting, underweight and 288 

stunting, and non-exclusive breast feeding were the major CMU contributors of CMNND 289 

DALYs. High SBP, high FPG and high BMI contributed to 9.9% (7.4-12.9), 5.9% (4.9-7.1), and 290 

3.7% (2.1-5.8) NCD DALYs, respectively (Table 2).  291 

The pattern of mortality and DALYs attributable to DRs, MRs and LPA by age category are 292 

depicted in Figures 1, 2, 3 and Supplementary Figure 1.  293 

Trend of disease burden attributable to CMU, DRs, MRs and LPA between 1990 294 

and 2015, Ethiopia 295 

Table 3 shows age-standardized death and DALY rates and proportions, and the percentage 296 

change between 1990 and 2015 in Ethiopia. The age-standardized proportion of all deaths 297 

attributable to CMU decreased by more than half over the past 25 years, from 8.6% [6.8-11.0] in 298 

1990 to 3.6% [2.5-5.1] in 2015. Over the same period, the age-standardized death rate 299 

attributable to CMU decreased drastically from 231 [185-294] to 44 (33-56) per 100 000 people. 300 

The proportion of deaths attributable to specific types of CMU, particularly childhood wasting 301 

and underweight, also decreased.  However, the proportion of all-cause deaths attributable to 302 

DRs and MRs increased from 10.8% [8.8-13.3] to 14.5% [11.7-18.0] and from 17.0% [15.4-303 

18.7] to 24.2% [22.2-26.1], respectively. While the proportion of CMNND related deaths 304 

attributable to CMU decreased by half, from 18.4% [14.7-23.6] to 9.9% [7.3-13.4] over the past 305 

25 years, NCD deaths attributable to DRs (from 10.8% [8.8-13.3] to 14.5% [11.7-18.0]) and 306 

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% 307 

[1.0-1.9]) increased in Ethiopia (Table 3 and Supplementary Figures 2 and 3). 308 
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Over the 25 years, the proportion of all-cause and CMNND DALYs attributable to CMU 309 

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% [12.8-310 

22.0], respectively. However, the proportion of all-cause and NCD DALYs attributable to DRs 311 

and MRs increased from 6.1% [5.0-7.4] to 8.1% [6.1-10.5] and 9.1% [8.1-10.1] to 13.1 [10.9-312 

15.3], respectively (Table 3 and Supplementary Figures 2 and 3).  313 

Comparison with other East African countries 314 

Comparison of the disease burden attributable to CMU, DRs, MRs and LPA among each of the 315 

15 East African countries is shown in Table 4. In all countries, the age-standardized proportion 316 

of mortality attributable to CMU decreased, with the highest reduction (74.0%) in Mozambique. 317 

In 2015, Ethiopia ranked ninth and 12th in terms of age-adjusted PAF of deaths and DALYs 318 

attributable to CMU, respectively. Increases in the burden of disease associated with DRs and 319 

MRs were recorded for almost all countries. In 2015, Ethiopia was among the top four countries 320 

with the highest burden of disease (both in terms of deaths and DALYs) based on the age-321 

standardized proportion of disease attributable to DRs, MRs and LPA for the Eastern SSA 322 

countries. Between 1990 and 2015, the country showed a 35.0%, 42.5% and 54.1% increase in 323 

age-standardized proportion of deaths attributable to DRs, MRs and LPA, respectively. In 2015, 324 

the age-specific pattern of disease burden (PAF and rates of death and DALYs) attributable to 325 

MRs and LPA in Ethiopia was similar with average age-specific estimates pattern of Eastern 326 

SSA countries. The pattern of age-specific disease burden attributable to DRs was relatively 327 

higher for Ethiopia compared to the average of Eastern SSA countries, although it was not 328 

significantly different based on the uncertainty intervals (data not shown).   329 
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Discussion 330 

This systematic investigation of disease burden attributable to CMU, DRs, MRs and LPA in 331 

Ethiopia and the comparison with other 14 Eastern SSA countries provides, for the first time, a 332 

comprehensive picture of mortality and DALYs attributable to nutritional, lifestyle and 333 

metabolic factors. Despite a significant reduction in CMU-attributable disease, there was an 334 

increasing trend for the burden of disease attributable to DRs, LPA, and MRs in the country. Our 335 

findings show that while a high burden of CMU-attributable disease still remains, the burden 336 

attributable to DRs, LPA and MRs is also high and continues to increase. We found that 9.0%, 337 

10.0%, and 15% of all-cause mortality in Ethiopia were attributable to CMU, DRs, and MRs, 338 

respectively. Ethiopia was among four SSA countries with the highest burden of disease (both in 339 

terms of deaths and DALYs) based on the age-standardized proportion of disease attributable to 340 

DRs, MRs and LPA in 2015. These results call for increased investment in prevention and 341 

control of the aforementioned risk factors. 342 

Of the 17 risk factors (level 2) in GBD 2015 [38], DRs, high SBP and CMU were the second 343 

(behind air pollution), third and fourth most common risk factors of deaths in Ethiopia, 344 

respectively. In terms of DALYs, CMU was still a leading risk factor in the country. DRs and 345 

high SBP were the fifth (behind CMU, air pollution, unsafe water, sanitation, and handwashing, 346 

and unsafe sex) and sixth most common risk factors, respectively. High FPG (seventh), 347 

overweight/obesity (ninth), high total cholesterol (11th) and low GFR (12th) were also common 348 

risk factors of deaths in the country. However, of the seven clusters (level 2) of behavioral risk 349 

factors, DRs were the highest risk factors for deaths in the country and the third (behind CMU 350 

and unsafe sex) for DALYs [38].  351 
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In our study, we found that DRs and MRs are responsible for more burden of disease than the 352 

CMU in Ethiopia. Diets low in fruits, vegetables, nuts and seeds, and whole grains and high in 353 

sodium were the most common five DRs, each accounting for 2% or more of all-cause deaths, 354 

and more than 4% of all-cause DALYs in the country. It is worth noting that the issue of diet-355 

related NCD burden is not only a concern among high-income countries [2, 39]. In our previous 356 

study, we have discussed the need for coordinated efforts to reduce the high burden of disease 357 

related to dietary risk factors of NCDs in Ethiopia [37]. A recent (2016) report [40] indicated that 358 

the consumption of fruit and vegetables was very minimal—only 2.4% of the population aged 359 

15-65 years old consumed five or more servings of fruit and vegetables per day in Ethiopia. In 360 

2011, it is reported that cereals (“Teff”, wheat, barley, maize, sorghum and other cereals) 361 

contributed to the majority (43%) of food consumed (kg/adult equivalent/year) in Ethiopia, while 362 

the consumption of vegetables and fruits (10.5%), pulses (5.1%), animal products (4.6%) and 363 

oilseeds (0.1%) was low [41]. This suggests that the food pattern in the country is “monotonous” 364 

and minimally diversified, which increases the risk of susceptibility for NCDs [42], and 365 

micronutrient deficiencies and their associated adverse health outcomes [43].  366 

In addition, the prevalence of alcohol consumption (consumption of alcohol in the past 30 days), 367 

tobacco smoking [current tobacco users (daily, and non-daily)], and LPA (less than 600 368 

metabolic equivalent time-minutes) in Ethiopia was 41%, 4%, and 6%, respectively [40]. MRs 369 

are also major contributors to the high burden of NCDs in the country. A considerable 370 

prevalence of overweight/obesity (16%), high triglyceride [>150mg/dl] (21%), raised blood 371 

pressure (22%) and high FPG or diabetes (6%) have been reported [40], which suggests the 372 

public health importance of these risk factors. The GBD study also found that the prevalence of 373 

overweight/obesity among people 20 years and above has significantly increased from 6% (5-7) 374 
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in 1990 to 14% (12-17) in 2015 in Ethiopia [44]. This highlights the need for coordinated effort 375 

and investment to improve dietary quality, create a favorable environment for physical activity 376 

and implement strategies for early screening and control of MRs in the country parallel to the 377 

continuing investments on CMU. 378 

Although the burden of CMU attributable disease have decreased over the past 25 years, the 379 

burden is still significantly high in Ethiopia. At the same time, there is also a high burden of 380 

NCDs attributable to suboptimal diet and MR factors in the country. Whereas the age-adjusted 381 

proportion of mortality due to NCDs in Ethiopia significantly increased by 35%, from 42% (39-382 

45) in 1990 to 57% (54-60) in 2015, deaths due to CMNNDs decreased by 23%, from 47% (44-383 

50) to 36% (33-39) over the same time frame [38]. In addition to the increased burden of dietary, 384 

lifestyle and MR factors, multiple determinants could have contributed to the dynamics of 385 

disease burden in the country. Health and health-related interventions (including policies and 386 

related investments) in curbing and controlling CMNNDs and the risk factors in the country 387 

might have contributed to the current pattern of disease burden [27, 45]. The increased life 388 

expectancy [6] in the country could be a proxy evidence for the changes in disease dynamics and 389 

the impact of the interventions. Between 1990 and 2015, the estimated life-expectancy at birth 390 

increased from 43 to 64 years [46], and it was the top-ranked increase.  391 

Furthermore, previous exposure to food deprivation and undernutrition (particularly during 392 

childhood) could exacerbate the current burden of lifestyle and metabolic diseases.  It is well 393 

recognized that childhood undernutrition increases the susceptibility of adults to NCDs (“fetal 394 

origin” hypothesis) [47-49]. Several mechanisms were proposed for this association, including 395 

structural changes of organs [50], preference for fatty foods and increased risk of dyslipidemia 396 

[51], and epigenetic change [13, 14].  Epidemiological studies have demonstrated that early 397 
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famine exposure increased the risk for a range of NCDs [52-55], metabolic diseases [52, 54, 56, 398 

57] and overweight/obesity [57]. Evidence also shows that an early life exposure to food 399 

deprivation could modify the risk of complications of NCDs [58]. Evidence of the impact of 400 

previous famine history on the current burden of disease in Ethiopia is lacking, warranting 401 

further investigations in the area.  402 

Ethiopia has successfully implemented large-scale measures that have improved public health, 403 

particularly in reducing CMNNDs [2]. For instance, the country achieved MDGs, including 404 

MDG-5 (reducing under-five mortality by two-thirds) in 2013 [25]. Successful public health 405 

strategies on the risk factors of child mortality [2, 25, 31] through expansion of primary health 406 

care has brought a significant reduction in child mortality. Our study also highlighted that CMU-407 

attributed mortality and DALYs have significantly declined over the past 25 years, although the 408 

burden is still significantly high. At the same time, diet-, lifestyle- and overweight/obesity-409 

related diseases are high and increasing, creating a further challenge in the health care system 410 

and services of the country. Compared to other Eastern SSA countries, Ethiopia was among the 411 

top four countries with high burden of disease attributable to DRs, MRs and LPA, while Kenya 412 

had the lowest burden of disease related to these risk factors. In addition to its national health 413 

policy, the Kenyan government and its partners have developed a national strategy for prevention 414 

and control of NCDs (2015-2020) [59] with the purpose of providing more specific emphasis on 415 

interventions against NCDs and their risk factors. This strategic plan provides a platform to 416 

specifically focus on reducing NCD risk factors, allocating resources and designing tailored and 417 

coordinated interventions against NCDs.   418 

In Ethiopia, although there have been efforts to prevent and control NCDs [27, 60],  419 

interventions against the high and growing burden of disease attributable to DRs, lifestyle, and 420 
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MRs is minimal. Therefore, while continuing to invest in CMU-attributed disease and the risk 421 

factors, it is imperative to design appropriate response for the growing burden of disease related 422 

to suboptimal diet, lifestyle and MR factors in line with the global initiatives [17, 23, 24]. In 423 

addition to the Health Sector Transformation Plan [27], designing a comprehensive and evidence 424 

based plan that specifically targets reducing NCD burden and risk factors by sharing experience 425 

from other countries with a similar environment (such as Kenya) is necessary. Revision of the 426 

NCD strategic framework [30] based on latest evidence should be undertaken. Dietary guidelines 427 

and policy should be developed to promote and guide healthy eating behaviors and regulate food 428 

supply in the country. Further, despite the high burden of disease attributable to suboptimal diet 429 

and MR, data on food and nutrient intake, behavioral factors and metabolic markers of NCDs in 430 

Ethiopia are very limited. As part of the investments, the gap in nationally representative 431 

individual level data on these key risk factors should be addressed by establishing a national 432 

level dietary surveillance system and expanding (in terms of both coverage and depth) health and 433 

demographic surveillance sites in the country. Studies should also further investigate the impact 434 

of previous food deprivation and undernutrition on the current burden of NCDs in the country.  435 

This study is not without limitations in spite of the fact that we have used data from GBD that 436 

uses robust methods to collate and analyze data. Detailed methodological shortfalls of the overall 437 

estimation process and risk factors have been discussed elsewhere [2, 37]. Specific limitations to 438 

the current study are discussed here. First, shortage of data, particularly on DRs, MRs and LPA, 439 

is a major challenge to estimating the exposure level. To assist in addressing this, the modeling 440 

strategies ST-GPR and DisMod-MR 2.1 were used, where data from the region, super-region and 441 

global levels contributed to country level estimates. However, the uncertainty intervals of the 442 

estimates are wider for these risk factors. Secondly, we did not assess the difference between 443 
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urban versus rural area estimates, and differences across regions, as the distribution of risk 444 

factors and disease burden could potentially be different in these settings [40]. Thirdly, the 445 

correlation among risk factors (for instance, among DR factors) is another potential limitation. 446 

Fourthly, residual confounding could affect the estimates of relative risks. Lastly, the use of 447 

similar effect size (relative risks) across countries (for a given age-sex category) could be a 448 

potential drawback as the effect of a risk factor in different population groups could have a 449 

different effect on a disease outcome [2].   450 

Conclusions  451 

In summary, while Ethiopia has significantly reduced the burden of CMU attributable disease, 452 

the burden attributable to DRs and MRs of NCDs, and LPA increased over the past 25 years. 453 

However, despite the reduction, the burden of disease attributable to CMU is still a public health 454 

problem. In 2015, a higher age-standardized proportion of deaths were due to diseases 455 

attributable to DRs and MRs of NCDs compared to those CMU-attributed. This reflects the 456 

country’s success and challenge in curbing nutrition-, metabolic- and lifestyle-related diseases. 457 

To effectively mitigate the challenge, policies should target DRs, MRs and other behavior-458 

related factors in addition to the efforts to reduce undernutrition. Given the enormous cost of 459 

diseases associated with lifestyle factors and MRs for the individual and the healthcare system, 460 

future investments on the scaling-up of prevention and control of these risk factors are required 461 

to effectively address the growing health challenge in Ethiopia. Policies and guidelines should be 462 

designed to mitigate the behavioral and MR factors during the SDG era. A collective and 463 

integrated multi-sectoral approach is required to successfully prevent and control NCDs and their 464 

risk factors. Lifestyle and MRs of NCDs also require more attention in the primary health care 465 

system. In this regard, replicating the primary health care approach, which has been successful in 466 
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reducing CMNND, could bring further success in prevention and control of NCDs and their risk 467 

factors. The establishment of a community-based national surveillance system to collate 468 

determinants of NCDs in the country, such as dietary, behavioral and metabolic factors, will 469 

further assist the anticipated interventions.  470 
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Figures 687 

Figure 1: Rate and proportion of deaths and disability-adjusted life years (DALYs) attributable to dietary 688 

risk factors by age in Ethiopia, 2015 (Proportion was calculated out of all-cause of death.) 689 

Figure 2: Rate and proportion of deaths and disability-adjusted life years (DALYs) attributable to 690 

metabolic risk factors by age in Ethiopia, 2015 (Proportion was calculated out of all-cause of death.) 691 

Figure 3: Rate and proportion of deaths and disability-adjusted life years (DALYs) attributable to low 692 

physical activity by age in Ethiopia, 2015 (Proportion was calculated out of all-cause of death.) 693 
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