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ORIGINAL ARTICLE

National incidence, prevalence and disability-adjusted life years (DALYs) of 
common micronutrient deficiencies in Ethiopia from 1990 to 2017: estimates 
from the global burden of diseases study
Hamid Yimam Hassen a, Jemal Haider Ali b, Seifu Hagos Gebreyesus b, Bilal Shikur Endris b 

and Awoke Misganaw Temesgen c,d

aDepartment of Public Health, Mizan Tepi University, Mizan Teferi, Ethiopia; bSchool of Public Health, Addis Ababa University, Addis 
Ababa, Ethiopia; cNational Data Management Center, Ethiopian Public Health Institute, Addis Ababa, Ethiopia; dInstitute for Health 
Metrics and Evaluation, University of Washington, Washington, DC, USA

ABSTRACT
Background: Understanding the national burden and trend of micronutrient deficiencies 
helps to guide effective intervention strategies under various circumstances. There is, how-
ever, a lack of evidence on trends, age- and sex-specific variations in Ethiopia.
Objective: This study aimed to provide evidence on the trends of common micronutrient 
deficiencies including, dietary iron, iodine, vitamin A and other nutritional deficiencies in 
Ethiopia, from 1990 to 2017, using findings from the Global Burden of Disease study.
Method: We used estimates from the GBD 2017 study to report the incidence, prevalence 
and disability-adjusted life years of micronutrient deficiencies in Ethiopia from 1990 to 2017. 
All estimates, both crude counts, as well as all-age and age-standardized rates per 100,000 
population, are accompanied by 95% uncertainty intervals (UIs). We summarized the age- and 
sex-specific patterns and we compared the burden with the sub-Saharan Africa and global 
estimate.
Results: From 1990 to 2017, the age-standardized prevalence rate of dietary iron, vitamin 
A and iodine deficiency decreased by 20.1%, 16.7%, and 91.6%, respectively. However, MNDs 
still account for a large number of DALYs in the country. In 2017, the all-age total DALYs due 
to dietary iron deficiency were estimated to be 448.4 thousand [95% UI: 298.9–640.7], 
accounting for 1.18% of the total DALYs. Similarly, the all-age total DALYs due to vitamin 
A deficiency were 397.8 thousand [256.1–589.2]. The total DALYs due to iodine deficiency 
were estimated to be 89.6 thousand [48.3–155.4].
Conclusions: Micronutrient deficiencies and associated morbidity and mortality are still high 
in Ethiopia compared with the sub-Saharan and global estimate. Adolescent and early adult 
females and children aged under-five are disproportionately affected segments of the popu-
lation. Therefore, in collaboration with other sectors, the National Nutrition Program needs to 
place greater emphasis upon improving accessibility and utilization of nutrient-rich foods and 
supplementation, particularly for vulnerable groups of the population.
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Background

Micronutrient deficiencies (MNDs) are an important 
contributor to the global burden of disease through 
increasing rates of illness and death from infectious dis-
eases, and of disability such as mental impairment and 
vision loss. Globally, more than two billion people suffer 
from at least one form of micronutrient deficiency [1]. 
The burden prevails worldwide with adolescent girls and 
children under the age of five at highest risk. Common 
MNDs including iron, vitamin A, iodine, folate, and zinc 
deficiencies contribute to poor growth, intellectual dis-
abilities in children, and perinatal complications leading 
to increased risk of morbidity and mortality [2,3].

Iron deficiency is the most common MND world-
wide, affecting more than 30% of the world’s population 
[4], leading to microcytic anemia, decreased capacity to 

work, and impaired immune and endocrine functions 
[5–7]. The 2011 WHO report indicates anemia affects 
around 800 million children and women globally [8]. 
Similarly, iodine deficiency is also widespread, with 
approximately two billion people estimated to have 
inadequate iodine status globally [9], causing endemic 
goiter, mental retardation, or reduced cognitive function 
[10–12]. Vitamin A deficiency (VAD) is also associated 
with an increased rates and severity of infections and is 
the primary cause of childhood morbidity and mortality 
[13,14]. The WHO estimates, 250–500 million children 
are blind as a result of VAD, and half of these children 
die within a year of vision loss [15].

The burden of MNDs varies across regions and 
countries, with higher prevalence in sub-Saharan 
Africa (SSA) and South Asia, and the lowest in 
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North America [16]. The higher prevalence in SSA 
could be due to the interaction of inadequate dietary 
diversity, poor sanitation and infectious diseases. 
Vitamin and mineral deficiencies affect more than 
one-third of SSA’s population, overwhelming both 
national healthcare and economic systems [17]. 
More than 20% of children under the age of five 
suffer from VAD in 37 countries of the African 
region including Ethiopia [18]. Similarly, the preva-
lence of anemia is more than 40% in the majority of 
African countries, and 13 countries currently have an 
iodine deficiency rate of over 50% among school- 
aged children [19].

In Ethiopia, MNDs are common nutritional pro-
blems affecting all segments of the population, parti-
cularly the under-fives and pregnant women. The 
Ethiopian Demographic and Health Survey showed 
that the prevalence of anemia among under-fives in 
2005, 2011 and 2016 were 54%, 44% and 57%, respec-
tively [20–22], indicating no decrease despite the 
implementation of various intervention strategies. 
The 2016 National Micronutrient Survey indicated 
that the prevalence of iodine deficiency is high 
among school-age children and women of childbear-
ing age, in which 47.5% and 51.%, respectively had 
urinary iodine levels less than 100 μg/L [23]. 
Similarly, a review article conducted in 2014 showed 
that severe iodine deficiency among Ethiopian 
women leads to 50,000 stillbirths annually and the 
country’s goiter rate ranges from 14% to 59% [24].

Cognizant of the problem, several strategies have 
been implemented to reverse the increasing trend of 
MND such as universal salt iodization, Vitamin 
A supplementation for children, iron/folate supple-
mentation for pregnant women, and Infant and 
Young Child Feeding (IYCF) program. However, 
MNDs remain a major public health problem in 
Ethiopia. Determining the burden and trends of 
MNDs is critical to understand the status of inter-
vention strategies in various contexts and at various 
time periods. Therefore, this study aimed to summar-
ize the trend and current burden of micronutrient 
deficiencies in Ethiopia, including sex- and age- 
specific variations, and to compare with the SSA 
and global estimate using the 2017 Global Burden 
of Diseases, Injuries, and Risk Factors Study (GBD 
2017).

Methods

GBD 2017

The GBD 2017 estimated the incidence, prevalence, 
YLLs, YLDs, and DALYs for 354 diseases and 195 
countries from 1990 to 2017. The GBD 2017 methods 
including case definitions, data sources, and estima-
tion process are described in extensive detail 

elsewhere [25]. The methods used specific to micro-
nutrient deficiencies are briefly summarized here.

Case definitions

In GBD 2017 study, dietary iron deficiency was esti-
mated from all forms; mild, moderate and severe iron 
deficiency anemia. VAD assessment involves the 
quantification of total VAD (serum retinol < 
0.7 µmol/L) as well as blindness and vision loss due 
to VAD, which are associated with corneal ulcera-
tions and corneal scars. Nonfatal burden of iodine 
deficiency was estimated using visible goiter (grade 2) 
only and its associated sequelae, such as thyroid dys-
function, heart failure, and intellectual disability. It 
does not include sub-clinical iodine deficiency or 
non-visible goiter (grade 1). Other nutritional defi-
ciencies encompass a wide variety of causes of mor-
bidity, ranging from mineral and vitamin deficiencies 
to other nutritional anemia. Due to their relatively 
limited burden, diversity in underlying causes and 
risk factors, and data availability, GBD 2017 treats 
these causes as a single category.

Data sources

Data from the WHO Vitamin and Mineral Nutrition 
Information System database, Ethiopian 
Demographic and Health Surveys 2005–2016, the 
Office of US Foreign Disaster Assistance/Center for 
Research on the Epidemiology of Disasters database, 
several surveys in different parts of Ethiopia, and 
systematic reviews of published studies were used. 
To estimate VAD, additional data sources, including 
Micronutrient Surveys (MNS) and Multiple Indicator 
Cluster Survey (MICS) were also considered.

Incidence, prevalence and DALY estimation 
process

The 2017 GBD study modelled the prevalence of micro-
nutrient deficiencies using DisMod-MR 2.1 [26]. It is 
a Bayesian meta-regression tool which combines epide-
miological data from multiple sources, adjusts incon-
sistent data and forecasts and updates data for regions 
and parameters with no or little data. To model iodine 
deficiency, grade 2 goiter was chosen over grade 1 due 
to the greater reliability and consistency of the clinical 
diagnosis of grade 2 goiter worldwide [27]. The model-
ing used a study-level covariate to indicate national 
observations, where nationally representative studies 
were set as the reference category and household 
iodized salt consumption proportion as a country- 
level covariate. The VAD estimates were made sequen-
tially. First, vitamin A supplementation coverage was 
estimated. The case definition for the supplementation 
model was the proportion of children 6–59 months of 
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age who received at least one dose of vitamin A in the 
previous 6 months. Second, age- and sex-specific pre-
valence of VAD (serum retinol < 0.7 µmol/L) was 
estimated. Third, for models of the prevalence of blind-
ness and vision loss due to VAD, this was run as 
a single-parameter meta-regression on prevalence, so 
incidence estimates were not generated. Further details 
on modeling strategy is available elsewhere [25].

Disability-adjusted life-year (DALY) were calcu-
lated by summing years of life lost (YLLs) due to 
premature mortality and years of life lived with dis-
ability (YLDs), thereby incorporating both fatal and 
non-fatal burden. As there was no mortality data, all 
DALY estimates for dietary iron, vitamin A and 
iodine deficiency were from the YLDs.

All parameter estimates generated in the GBD 2017 
were accompanied by 95% uncertainty intervals (UIs). 
The uncertainty ranges reported around YLDs incorpo-
rate both uncertainty in prevalence and in the disability 
weight. To do this, 1,000 samples of comorbidity- 
corrected YLDs and 1,000 samples of the disability 
weight to generate 1,000 samples of the YLD distribution 
were considered. The 95% uncertainty interval is 
reported as the 25th and 975th values of the distribution.

Presentation and interpretation of results

We followed the GBD 2017 categorization of diseases 
and injuries to present and interpret the national 
incidence, prevalence, and DALY rates of common 
MNDs in Ethiopia from 1990 to 2017. We extracted 
the age- and sex-specific estimates from the GBD 
2017 study, particularly for Ethiopia and compared 
it with the SSA and global estimates. We reported the 
burden of iodine, dietary iron, vitamin A and other 
nutritional deficiencies, including vitamin B12, folate, 
dietary zinc, calcium, vitamin D, thiamine, niacin, 
and vitamin C. We summarized the trends of age- 
standardized rates from 1990 to 2017 in terms of 
DALY, prevalence and incidence rate whenever avail-
able. We computed changes and reported positive 
and negative percentages to show an increasing and 
decreasing trend, respectively, from 1990 to 2017. We 
present the estimates in terms of the total number of 
DALYs, prevalent and incident cases, all-age and age- 
standardized rates using tables and figures. The 
results are reported in accordance with the 
Guidelines for Accurate and Transparent Health 
Estimates Reporting (annex 1).

Results

Burden of dietary iron, vitamin A, iodine and 
other nutritional deficiencies in Ethiopia in 2017

In 2017, the total DALYs due to dietary iron, vitamin A, 
iodine, and other nutritional deficiencies were estimated 

to be 448.4 thousand DALYs [95%UI: 298.9–640.7], 
397.8 thousand [256.1–589.2], 89.6 thousand 
(48.3–155.4) and 19.0 thousand [13.3–24.6], respectively. 
These indicate 1.18% [95% CI: 0.83–1.60], 1.05% [0.71–-
1.50], 0.24% [0.13–0.39], and 0.05% [0.036–0.064] of all 
DALYs in the same year were attributable to dietary iron, 
vitamin A, iodine and other nutritional deficiencies, 
respectively. The prevalence of dietary iron, vitamin 
A and iodine deficiency was 14.4% [95% CI: 13.7–15.4], 
28.0% [25.4–31.0], and 6.8% [6.1–7.6], respectively. The 
incidence rate of vitamin A and iodine deficiency were 
23,295.3 per 100,000 [21,104.5–25,199.4] and 266.4 [237.-
7–299.1], respectively. The all-age rate, age-standardized 
rate and total DALYs, prevalence and incidence is sum-
marized in Table 1.

Trends of dietary iron, vitamin A, iodine and 
other nutritional deficiencies from 1990 to 2017

The change in DALYs, prevalence and incidence of 
common micronutrient deficiencies in Ethiopia from 
1990 to 2017 is summarized in Table 1. From 1990 to 
2017, the age-standardized DALY rate due to iron, 
vitamin A, iodine and other nutritional deficiencies 
decreased by 29.7%, 36.2%, 90.6%, and 87.6%, respec-
tively. However, all-age total DALYs due to dietary 
iron and vitamin A deficiency increased by 51.2% and 
12.1%, respectively. The proportion of total DALYs 
attributable to dietary iron deficiency increased from 
0.5% [95% UI 0.34–0.7] to 1.18% [0.83–1.6]. 
Similarly, the proportion of DALYs due to VAD 
increased from 0.6% [95% UI: 0.4–0.86] to 1.05% 
[0.71–1.5]. Whereas, the proportion of DALYs attri-
butable to iodine deficiency declined dramatically 
from 0.85% [95% UI: 0.43–1.48] to 0.24% [0.13–0.39]. 
Likewise, the proportion of total DALYs attributable 
to other nutritional deficiencies decreased from 
0.16% [95% UI: 0.1–0.22] to 0.05% [0.036–0.064].

The age-standardized prevalence rate of dietary iron, 
vitamin A and iodine deficiency over this time period 
declined by 20.1%, 16.7%, and 83.6%, respectively. 
However, the age-standardized incidence rate of VAD 
has increased by 9.3%. The trend of age-standardized 
prevalence rate of dietary iron, vitamin A and iodine 
deficiency from 1990 to 2017 is summarized in Figure 1.

In 1990, iodine, vitamin A and dietary iron defi-
ciency, respectively, were the 1st, 2nd, and 3rd causes 
of YLDs from all causes in Ethiopia. Whereas in 2017, 
they were ranked as the 3rd, 6th and 32nd-leading 
causes of YLDs, respectively. (Supplementary material)

Sex-specific patterns

Detailed results of age and sex-specific patterns of 
DALYs, prevalence and incidence are available in 
the supplementary material. Overall, the burden of 
MNDs is higher among females than males. In 2017, 
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the age-standardized DALY rate due to dietary iron 
deficiency among females and males was 422.2 per 
100,00 [95%UI: 282.8–610.7] and 303.2 [199.7–-
440.4], respectively. Similarly, the age-standardized 
DALY rate of VAD was 295.7 per 100,00 [95%UI: 
184.4–453.2] in females and 213.4 [136.9–318.0] in 
males. Further, the age-standardized DALY rate of 
iodine deficiency among females and males was 
110.3 per 100,000 [58.0–193.5] and 71.2 [95%UI: 38.-
5–122.3] respectively. Moreover, the age-standardized 
DALY rate of other nutritional deficiencies was 
26.8 per 100,000 [16.6–36.9] in females and 18.8 [13.-
0–42.1] in males.

Age-specific patterns

Overall, the burden of MNDs was higher among chil-
dren and adolescents. In 2017, the highest prevalence 
rate of dietary iron deficiency was among children aged 
1 to 4 years with 26,463.6 prevalent cases per 100,000 
[95%UI: 25,297.8–27,577.6]. The highest prevalence rate 
of VAD was among early neonates with 84,547.1 per 
100,000 [95%UI: 62,982.6–96,665.2], whereas, the high-
est incidence was among children aged 1 to 4 years with 
24,296.4 new cases per 100,000 [95%UI: 21,603.6–-
26,817.3]. The prevalence rate of iodine deficiency is 
increasing with age. The highest number of prevalent 
cases were among adolescents aged 15 to 19, with 926.1 
thousand prevalent cases [95%UI: 829.8–1,042.7]. 
However, the highest incidence was among children 
aged 5 to 9 years, with 304.1 new cases per 100,000 
[95%UI: 238.9–373.5]. In 2017, 5.3 thousand [95%UI: 
3.3–8.1] DALYs due to other nutritional deficiency were 
among children aged 1 to 4 years. Figure 2 summarized 
the prevalence rate of dietary iron, vitamin A and iodine 
deficiency across various age groups. Detailed results 
are presented in the supplementary material.

Comparison with the SSA and global estimate

Figure 3 shows the trend of dietary iron deficiency in 
Ethiopia, SSA and globally from 1990 to 2017. The 
figure shows a subtle decreasing trend in both SSA 
and globally. In Ethiopia, there was a decreasing 
trend from 1990 to 2010, but with a rise in 2017. In 
2017, the prevalence rate in Ethiopia was lower than 
both the SSA and the global estimates.

Figure 4 shows the trend of VAD in Ethiopia, SSA 
and the globe from 1990 to 2017. The figure shows 
a downward trend in Ethiopia, SSA and globally. 
The prevalence of VAD in Ethiopia is consistently 
higher than the estimates from the SSA and the 
globe. In 2017, Ethiopia had the second highest 
prevalence of iodine deficiency of any country in 
the world.

Figure 5 shows the trend of iodine deficiency in 
Ethiopia, SSA and the globe from 1990 to 2017. We 
documented a decreasing trend in Ethiopia, SSA, 
and globally. In 2017, the prevalence rate in 
Ethiopia was much higher than the SSA and global 
estimate.

Discussion

This study comprehensively describes the burden of 
micronutrient deficiencies including dietary iron, 
vitamin A, iodine and other nutritional deficiencies 
in Ethiopia, which allows a direct comparison over 
time, as well as between sex and age groups. Despite 
a decreasing trend in prevalence, MNDs still cause 
a remarkable burden in the country making them 
among the top causes of YLDs.

The overall prevalence of iodine deficiency in 2017 
was 6.8%, indicating it is still an important public 
health problem. Several pilot studies in the country 

Figure 1. Trend of age-standardized dietary iron, vitamin A, and iodine deficiency prevalence in Ethiopia, from 1990 to 2017.
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reported 16% to 62.1% total goiter rate (TGR) [28– 
32]. These studies, however, mainly focused on high- 
risk areas of the country and high-risk groups such as 
school children and women, and most of them used 
all stages of goiter, which resulted in higher preva-
lence rates. The prevalence of iodine deficiency 
greatly varies across regions due to geographical var-
iation, diversities in food items and feeding habits, 
access to iodized salt, and access to iodine supple-
mentation. Moreover, the variation in measurement 
of iodine deficiency, using either urinary iodine level 
or clinical examination of symptomatic goiter, could 
explain such a discrepancy.

A dramatic decline was observed in the age- 
standardized incidence and prevalence of iodine defi-
ciency from 1990 to 2017. This could be due to the 
salt iodization program, which was started three 

decades previously. Ethiopia started iodization of 
salt in 1988 and banned the production and sale of 
non-iodized salt in 1996, until its interruption in 
2000 due to the Ethio-Eritrea war [33,34]. From 
2011, the universal salt iodization (USI) program 
became mandatory again [35]. According to the 
2015 survey, conducted by the Ethiopian Public 
Health Institute (EPHI), 84.6% of salts in the country 
contain iodine [23]. However, the national USI pro-
gram needs to improve the coverage of iodized salt at 
household level and in the remote areas of the coun-
try, where coverage is still very low. Only 26% of the 
total households were getting the required amount 
(more than 15 ppm) iodine in salt [23]. In 2017, the 
prevalence rate of iodine deficiency in Ethiopia was 
higher than the SSA and the global estimate, making 
the country with the highest iodine deficiency 

Figure 2. Age specific patterns for prevalence rate of dietary iron, vitamin A, and iodine deficiency in Ethiopia, 2017.

Figure 3. Comparison of age-standardized prevalence of dietary iron deficiency trend in Ethiopia, Sub-Saharan Africa, and 
globally, from 1990 to 2017.
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worldwide, second only to South Sudan. More than 
17.5% of intellectual disability in the country are 
attributable to iodine deficiency [25].

This study showed that females, particularly ado-
lescents and young adults, are disproportionately 
affected by higher incidence and prevalence of iodine 
deficiency. Several studies in many parts of the coun-
try also found such sex variation [28,30,32]. The 
difference could be due to androgen hormone in 
males which is stimulatory while estrogen hormone 
in females has an inhibitory effect on thyroid growth 
[36]. Moreover, the age at maximum thyroid growth 

(11–14 years), coinciding with menarche in girls, 
might contribute to a higher incidence of iodine 
deficiency during mid- to late puberty [37]. The high-
est number of iodine deficiency cases was observed in 
the age group of 10 to 19. This could be due to the 
increase in demand for iodine during puberty, which 
cannot be sufficient with the limited amount of 
iodine available in food and salt [38]. Further, the 
high prevalence in females has a devastating effect on 
maternity, and can lead to abortion, stillbirth, con-
genital anomalies, neurological cretinism, and 
increased perinatal and infant mortality.

Figure 5. Comparison of age-standardized prevalence of iodine deficiency trend in Ethiopia, Sub-Saharan Africa, and globally, 
from 1990 to 2017.

Figure 4. Comparison of age-standardized prevalence of vitamin A deficiency trend in Ethiopia, Sub-Saharan Africa, and 
globally, from 1990 to 2017.
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The age-standardized prevalence of dietary iron 
deficiency in Ethiopia declined from 1990 to 2010 
and rose in 2017. The decrease in consumption of 
animal products, due to an increase in cost since the 
Ethiopian Millennium (2008 GC), might be the possi-
ble reason. A review by Birhanu AF indicated, the total 
meat production in Ethiopia increased from 2004 to 
2014 but decreased until 2017 [39]. Furthermore, the 
meat export rate increased from 2000 to 2019 [39,40], 
which could have an impact on the domestic meat cost 
and consumption. In 2017, one-fifth of the total popu-
lation had dietary iron deficiency. Despite several pro-
grams addressing such issues in the last two decades, 
dietary iron deficiency is still a significant public health 
issue that needs integrated interventions. When iron 
intake no longer meets the need of normal iron turn-
over and losses, iron deficiency anemia will occur [41], 
a phenomenon which accounts for 50% of anemia 
globally [42].

The present study showed sex variation in the bur-
den of dietary iron deficiency, the prevalence in females 
is higher than males. Bone marrow radiolabeled iron 
(Fe) studies showed iron absorption is dependent on 
body iron stores and is not gender-specific [43]. This 
indicates the sex difference in Ethiopia might not be 
explained by physiological differences but rather could 
be due to gender differences in dietary intake of iron 
rich foods. Besides, menstruation could also lead to 
negative iron balance in apparently healthy females 
[44]. The public health impact of iron deficiency is 
more pronounced in females as it results in an inter-
generational deficiency in the future offspring unless 
timely measures are taken.

Overall, the prevalence of dietary iron deficiency is 
higher among children under the age of five. Despite 
an increase in breastfeeding rates [45], improvement 
in maternal and childcare services, and supplementa-
tion of iron [46], the prevalence of dietary iron defi-
ciency anemia remains high among children. This 
could be due to the lower coverage of optimal dose 
of iron supplementation in the country. A study con-
ducted by Gebremedhin S. and his colleagues found, 
only 3.5% of pregnant women took the required dose 
of iron [47]. Moreover, prevalence in infancy and 
childhood could be attributed to higher rates of low 
birth weight, preterm birth and maternal iron deple-
tion during pregnancy [22]. The age distribution in 
dietary iron deficiency varies among males and 
females. In males, the highest prevalence is observed 
among children under the age of five, while, in 
females, late adolescent and early adults are the 
most affected age groups. The higher prevalence 
rates amongst late adolescent and early adult females 
could be due to menstrual bleeding and periods of 
rapid growth [48–50].

In this study, the prevalence of VAD in 2017 is 
estimated to be 28%, making Ethiopia the country 

with the second highest prevalence in the world. 
A study conducted by Semba RD. showed only 
46.8% of children aged 12–59 months received vita-
min A capsule [51]. Several studies showed a lack of 
vitamin A weakens the immune system and is asso-
ciated with high rates of morbidity and mortality 
among under-fives [52–55]. VAD is also reported as 
the leading cause of preventable child blindness.

The prevalence of VAD is almost similar among 
males and females. There are, however, large variations 
across age groups, in which early and late neonates are 
the most affected group. In general, higher prevalence 
is observed in children, which increases susceptibility 
to infection, leading to increased rates of morbidity and 
premature death. Ethiopia launched a vitamin 
A supplementation program for under-fives in 2008 
but the prevalence of VAD remains constantly higher 
than the SSA and the global estimate, which empha-
sizes the need for a better strategy to halt the incidence 
and associated morbidity and mortality.

Limitations

Despite using estimates from GBD study in which 
robust methods of data collection and analysis were 
utilized, the estimates of this study should be inter-
preted within the context of the following limita-
tions. Detailed methodological considerations of 
the overall estimation process for non-fatal out-
comes have been discussed elsewhere [25]. 
Limitations specific to these estimates are discussed 
here. First, lack of availability of good quality data 
particularly to estimate incidence and prevalence of 
other nutritional deficiencies including zinc, cal-
cium, folate, vitamin B12, vitamin C, etc. Second, 
the separate estimation of non-fatal models in the 
modeling process for 1990, 1995, 2000, 2006, 2010, 
and 2017 implies an uncertainty of estimates over 
time is independent. Third, accessing of accurate 
information on population coverage for any given 
data source is still a challenge. Fourth, due to the 
absence of mortality data, the DALYs were from 
YLDs only, which might lead to underestimation. 
Lastly, iodine deficiency was estimated using only 
grade 2 goiter, which might underestimate the pre-
valence. Including all forms of iodine deficiency is 
a goal of future iterations of the GBD study. 
Despite these limitations the present study provides 
a comprehensive estimate using the available evi-
dences in the country.

Implications of the estimates for policy and 
practice

These estimates are important for observing and 
evaluating the performance of previous nutritional 
intervention programs that have been implemented 
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in Ethiopia and to support the current national nutri-
tion strategic plan. Furthermore, these estimates 
could be utilized to scale up the existing strategies 
and programs in the field of nutrition or to design 
a better approaches for intervention. The dispropor-
tionate high burden of micronutrient deficiency 
among females and children aged under 5 years, 
needs further causal assessment and targeted inter-
vention. The higher prevalence among women of 
child-bearing age and under-fives could have 
a substantial impact on health and behavioral out-
comes over the lifespan and future generations in the 
country. Therefore, programs that are working on 
nutrition improvement should give more priority to 
these age groups.

Progresses in combating the problems

Significant progress is observed in reducing iodine defi-
ciency in all ages from 1990 to 2017 globally but Ethiopia 
remains second highest in iodine and vitamin 
A deficiency worldwide. There might be regional varia-
tion within the country, though our estimates did not 
capture the sub-national discrepancies. The trend of diet-
ary iron deficiency is mixed, there was little improvement 
until 2010, thereafter showing an increment. This calls for 
a better intervention approach to combat dietary iron 
deficiency and associated complications leading to 
death. There is a decreasing trend in the burden of 
vitamin A deficiency, though it is minimal. Likewise, 
whilst a decreasing trend is observed in the burden of 
other nutritional deficiencies, the estimate is less precise 
due to a lack of good quality data.

Conclusions

Despite the efforts made for the last few decades, the 
prevalence of dietary iron deficiency and associated 
morbidity and mortality are still high in Ethiopia. 
Females at adolescence and early adulthood and chil-
dren under the age of five are disproportionately 
affected groups, which calls for targeted intervention. 
Similarly, no significant improvement has been 
observed in the prevalence of Vitamin A deficiency in 
Ethiopia in the last two decades, and the country is still 
has the second highest prevalence in the world. 
Therefore, apart from supplementation programs, agri-
cultural and nutritional efforts should be made to 
improve access and production of micronutrient- 
dense foods. The availability and accessibility to animal- 
source foods that contain highly bioavailable micronu-
trients, particularly iron, vitamin A, zinc, and vitamin 
B12, need to be improved through policy measures and 
education. The National Nutrition Program needs to 
make more effort to improve accessibility and utiliza-
tion of nutrient-rich foods in collaboration with other 
sectors including the agricultural sector. Further studies 

are needed to assess the causal association of various 
determinant factors of micronutrient deficiencies. 
Moreover, implementation research, to evaluate the 
effectiveness of several intervention approaches, pilot 
and scale up the best practice, is highly recommended.

Acknowledgments

We thank all individuals who have contributed to the GBD 
2017 Study in various capacities.

Author contributions

HYH, AMT conceived and designed the article. HYH extracted 
and interpreted the estimates and wrote the manuscript. All 
authors assisted with the design, provided data, assisted in data 
interpretation, and critically reviewed the manuscript for intel-
lectual content. All authors read and approved the final 
manuscript.

Disclosure statement

No potential conflict of interest was reported by the 
authors.

Ethics and consent

Not applicable.

Paper context

Understanding the burden of micronutrient deficiencies is 
essential to guide effective intervention strategies. However, 
there is a lack of comprehensive estimates in Ethiopia to direct 
policy. This article provides the trends of micronutrient defi-
ciencies in Ethiopia, age- and sex-specific patterns, and com-
parison with the Sub-Saharan Africa and global estimates. The 
evidence helps policymakers to reconsider the national nutri-
tion plan aiming at targeted intervention and intersectoral 
collaboration to improve nutritional values of staple foods in 
the country.

ORCID

Hamid Yimam Hassen http://orcid.org/0000-0001-6485- 
4193
Jemal Haider Ali http://orcid.org/0000-0002-0357-7812
Seifu Hagos Gebreyesus http://orcid.org/0000-0001- 
7834-4696
Bilal Shikur Endris http://orcid.org/0000-0002-5321- 
1034
Awoke Misganaw Temesgen http://orcid.org/0000-0002- 
3949-9457

References

[1] FAO. The state of food insecurity in the world 2004: 
monitoring progress towards the world food summit 
and millennium development goals. 00100 Rome, 
Italy: FAO; 2004.

GLOBAL HEALTH ACTION 9



[2] Black RE. Zinc deficiency, infectious disease and mor-
tality in the developing world. J Nutr. 2003;133 
(5):1485S–1489S.

[3] Tulchinsky TH. Micronutrient Defi ciency conditions: 
global health issues. Public Health Rev. 2010;32 
(1):243–255.

[4] De Benoist B, McLean E, EgliI, et al. Worldwide pre-
valence of anaemia 1993–2005: WHO global database 
on anaemia. Geneva: World Health Organization; 
2008.

[5] Dallman PR. Iron deficiency and the immune 
response. Am J Clin Nutr. 1987;46(2):329–334.

[6] Joynson DHM, Walker DM, Dolby AJAE. Defect of 
cell-mediated immunity in patients with 
iron-deficiency anaemia. Lancet. 1972;300:1058–1059.

[7] Allen LH. Anemia and iron deficiency: effects on 
pregnancy outcome. Am J Clin Nutr. 2000;71 
(5):1280S–4S.

[8] WHO. The global prevalence of anaemia in 2011. 
Geneva: World Health Organization; 2015.

[9] Andersson M, Karumbunathan V, Zimmermann MB. 
Global iodine status in 2011 and trends over the past 
decade. J Nutr. 2012;142(4):744–750.

[10] Delange F. Iodine deficiency as a cause of brain 
damage. Postgrad Med J. 2001;77(906):217.

[11] Bleichrodt N, Drenth PJD, Querido A. Effects of 
iodine deficiency on mental and psychomotor 
abilities. Am J Phys Anthropol. 1980;53(1):55–67.

[12] Delange F. The disorders induced by iodine deficiency. 
Thyroid. 1994;4(1):107–128PubMed PMID: 8054857.

[13] Thurnham DI, McCabe GP, Northrop-Clewes CA, 
et al. Effects of subclinical infection on plasma retinol 
concentrations and assessment of prevalence of vita-
min A deficiency: meta-analysis. Lancet. 
2003;362:2052–2058.

[14] Semba RD, Graham NH, Caiaffa WT, et al. Increased 
mortality associated with vitamin a deficiency during 
human immunodeficiency virus type 1 infection. Arch 
Internal Med. 1993;153(18):2149–2154.

[15] WHO. Global prevalence of vitamin A deficiency in 
populations at risk 1995–2005 WHO global database 
on vitamin A deficiency. Geneva: World Health 
Organization; 2009.

[16] Ritchie H, Roser M. Micronutrient deficiency. 
Published online at OurWorldInData.org; 2020. 
Available from: https://ourworldindata.org/micronutri 
ent-deficiency

[17] UNICEF MI. GAIN, et al. In: Vitamin & mineral 
deficiency: A partnership drive to end hidden hunger 
in Sub-Saharan Africa. New York, USA: UNICEF; 
2011.

[18] Mason J, Bails A, Beda-Andourou M, et al. Recent 
trends in malnutrition in developing regions: vitamin 
A deficiency, anaemia, iodine deficiency, and child 
underweight.  Food and nutrition bulletin. 2005;26 
(1):59–108.

[19] Bailey RL, Jr KP W, Black RE. The epidemiology of 
global micronutrient deficiencies. Ann Nutr Metab. 
2015;66(suppl2):22–33.

[20] Central Statistical Agency [Ethiopia] and ORC 
Macro. Ethiopia demographic and health survey 
2005. Addis Ababa, Ethiopia and Calverton, 
Maryland, USA: Central Statistical Agency and 
ORC Macro.; 2006.

[21] Central Statistical Agency [Ethiopia] and ICF 
International. Ethiopia demographic and health sur-
vey 2011. Addis Ababa, Ethiopia and Calverton, 

Maryland, USA: Central Statistical Agency and ICF 
International; 2012.

[22] Central Statistical Agency (CSA) [Ethiopia] and ICF. 
Ethiopia demographic and health survey 2016. Addis 
Ababa, Ethiopia, and Rockville, Maryland, USA: CSA 
and ICF; 2016.

[23] MinistryofHealth(MOH). Ethiopian Public Health 
Institute. Ethiopian National Micronutrient Survey 
Report. 2016.

[24] Tessema M, Belay A, Zerfu D, et al. The prevalence of 
iodine deficiency (IDD) among vulnerable popula-
tions in Ethiopia. Eur J Nutr Food Saf. 2015;5:5.

[25] James SL, Abate D, Abate KH, et al. Global, regional, 
and national incidence, prevalence, and years lived 
with disability for 354 diseases and injuries for 195 
countries and territories, 1990–2017: a systematic ana-
lysis for the global burden of disease study 2017. 
Lancet. 2018;392(10159):1789–1858.

[26] Barendregt JJ, Van Oortmarssen GJ, Vos T, et al. 
A generic model for the assessment of disease epide-
miology: the computational basis of DisMod II. Popul 
Health Metr. 2003;1(1):4. Epub 2003/ 05/30. PubMed 
PMID: 12773212; PubMed Central PMCID: 
PMCPMC156029.

[27] WHO. Assessment of iodine deficiency disorders and 
monitoring their elimination: a guide for programme 
manager. Geneva, Switzerland: World Health 
Organization; 2007.

[28] Tigabu E, Bekele KB, Dachew BA. Prevalence of goiter 
and associated factors among schoolchildren in north-
east Ethiopia. Epidemiol Health. 2017;39:e2017055. 
Epub 2017/11/28. PubMed PMID: 29172409; 
PubMed Central PMCID: PMCPMC5790981.

[29] Molla M, Getu D, Haimanot G. Prevalence and asso-
ciated factors of goiter among rural children aged 6-12 
years old in Northwest Ethiopia, cross -sectional 
study. BMC Public Health. 2014;14:130.

[30] Hibstu DT, Tesfaye DJ. Epidemiology of goiter and its 
predictors among school age children in Leku town, 
Southern Ethiopia. Curr Pediatr Res. 2017;21 
(4):620–626.

[31] Gebretsadikan TM, Troen AM. Progress and chal-
lenges in eliminating iodine deficiency in Ethiopia: 
a systematic review. BMC Nutr. 2016;2(1):12.

[32] Hassen HY, Beyene M, Ali JH. Dietary pattern and its 
association with iodine deficiency among school chil-
dren in southwest Ethiopia; A cross-sectional study. 
Plos One. 2019;14(8):e0221106.

[33] Chuko T, Bagriansky J, Brown AT. Ethiopia’s long 
road to USI. In: IDD NEWSLETTER, editor. Vol. 43. 
zürich, Switzerland: Iodine Global Network; 2015.

[34] Adish A, Chuko T, Abay A, et al. Ethiopia: breaking 
through with a new iodized salt law. IDD Newsletter. 
2013;41(4):1–24.

[35] Adish A, Chuko T, Abay A, et al. Ethiopia: breaking 
through with a new iodized salt law. In: Micronutrient 
Initiative. UNICEF Ethiopia; Global Alliance for 
Improved Nutrition (GAIN); ICCIDD Iodine 
Network; Federal Ministry of Health; 2010. p. 1–2.

[36] Rossi R, Zatelli MC, Valentini A, et al. Evidence for 
androgen receptor gene expression and growth inhi-
bitory effect of dihydrotestosterone on human adre-
nocortical cells. J Endocrinol. 1998;159(3):373–380. 
Epub 1998/12/03. doi:. PubMed PMID: 9834454.

[37] Fleury Y, Van Melle G, Woringer V, et al. Sex-dependent 
variations and timing of thyroid growth during Puberty1. 
J Clin Endocrinol Metab. 2001;86(2):750–754.

10 H. Y. HASSEN ET AL.

https://ourworldindata.org/micronutrient-deficiency
https://ourworldindata.org/micronutrient-deficiency


[38] Dodd NS, Samuel AM. Iodine deficiency in adolescents 
from Bombay slums. Natl Med J India. 1993;6:110–113.

[39] Birhanu AF. A review on Ethiopian meat production 
trends, consumption and meat quality parameters. 
Int J Food Sci Agr. 2019;3(4):267–274.

[40] Eshetie T, Hussien K, Teshome T, et al. Meat produc-
tion, consumption and marketing tradeoffs and 
potentials in Ethiopia and its effect on GDP growth: 
a review. J Market Consum Res. 2018;42:17–24.

[41] Hallberg L. Bioavailability of dietary iron in man. 
Annu Rev Nutr. 1981;1:123–147.

[42] Stoltzfus RJ. Iron deficiency: global prevalence and 
consequences. Food Nutr Bull. 2003;24(4_suppl2): 
S99–S103. PubMed PMID: 17016951.

[43] Bezwoda WR, Bothwell TH, Torrance JD, et al. The rela-
tionship between marrow iron stores, plasma ferritin con-
centrations and iron absorption. Scand J Haematol. 
1979;22(2):113–120.

[44] Rushton DH, Barth JH. What is the evidence for 
gender differences in ferritin and haemoglobin? Crit 
Rev Oncol Hematol. 2010;73(1):1–9.

[45] Alebel A, Tesma C, Temesgen B, et al. Exclusive 
breastfeeding practice in Ethiopia and its association 
with antenatal care and institutional delivery: 
a systematic review and meta-analysis. Int Breastfeed 
J. 2018;13(1):31.

[46] Micronutrient Initiative. What we do: why iron? 
Results [Online]. Ottawa: Micronutrient Initiative; 
2016. Available from: http://www.micronutrient.org/ 
what-we-do/by-micronutrient/iron/

[47] Gebremedhin S, Samuel A, Mamo G, et al. Coverage, 
compliance and factors associated with utilization of 

iron supplementation during pregnancy in eight rural 
districts of Ethiopia: a cross-sectional study. BMC 
Public Health. 2014;14(1):607.

[48] Pinhas-Hamiel O, Newfield RS, Koren I, et al. 
Greater prevalence of iron deficiency in overweight 
and obese children and adolescents. Int J Obesity. 
2003;27:416.

[49] Halterman JS, Kaczorowski JM, Aligne CA, et al. Iron 
deficiency and cognitive achievement among 
school-aged children and adolescents in the USA. 
J Pediatrics. 2001;107(6):1381–1386.

[50] Akramipour R, Rezaei M, Rahimi Z. Prevalence of 
iron deficiency anemia among adolescent schoolgirls 
from Kermanshah, Western Iran. Hematology. 
2008;13(6):352–355.

[51] Semba RD, de Pee S, Sun K, et al. Coverage of the 
national vitamin A supplementation program in 
Ethiopia. J Trop Pediatr. 2008;54(2):141–144.

[52] Black R. Micronutrient deficiency — an underlying 
cause of morbidity and mortality. Int J Public 
Health. 2003;81(2):79.

[53] Milton RC, Reddy V, Naidu AN. Mild vitamin 
A deficiency and childhood morbidity—an Indian 
experience. Am J Clin Nutr. 1987;46(5):827–829.

[54] Humphrey JH, Agoestina T, Wu L, et al. Impact of 
neonatal vitamin A supplementation on infant 
morbidity and mortality. J Pediatr. 1996;128 
(4):489–496.

[55] Caulfield LE, Richard SA, Black RE. Undernutrition as an 
underlying cause of malaria morbidity and mortality in 
children less than five years old. Am J Trop Med Hyg. 
2004;71(2_suppl):55–63.

GLOBAL HEALTH ACTION 11

http://www.micronutrient.org/what%2010we%2010do/by%2010micronutrient/iron/
http://www.micronutrient.org/what%2010we%2010do/by%2010micronutrient/iron/

	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Background
	Methods
	GBD 2017
	Case definitions
	Data sources
	Incidence, prevalence and DALY estimation process

	Presentation and interpretation of results
	Results
	Burden of dietary iron, vitamin A, iodine and other nutritional deficiencies in Ethiopia in 2017
	Trends of dietary iron, vitamin A, iodine and other nutritional deficiencies from 1990 to 2017
	Sex-specific patterns
	Age-specific patterns
	Comparison with the SSA and global estimate

	Discussion
	Limitations
	Implications of the estimates for policy and practice
	Progresses in combating the problems

	Conclusions
	Acknowledgments
	Author contributions
	Disclosure statement
	Ethics and consent
	Paper context
	References



