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Abstract

Anaemia in children remains a significant public health threat. Recent numbers from

Ethiopia showed that more than two-thirds of children under the age of 2 years were

anaemic. This study aimed to investigate the determinants of anaemia throughout

Ethiopia over 11 years, making use of the Ethiopian Demographic and Health Survey

(EDHS) rounds 2005, 2011 and 2016. The EDHS made it possible to use data on

blood tests and detailed questionnaires among infants and young children. Multivari-

able logistic regression was applied to assess the association of anaemia and different

immediate and underlying determinants. A total of 7,324 children aged 6–23 months

were included in the analysis, with prevalences of anaemia being 71% in 2005, 61%

in 2011 and 72% in 2016. The following determinants were significantly associated

with childhood anaemia throughout the entire period: children younger than 1 year,

anaemic mothers and those growing up in pastoralist regions. Risk factors such as

diet and infections were consistently not significantly associated with anaemia. Given

the tremendous adverse health effects of anaemia in young children, urgent action is

needed. Hence, this study recommends nationwide multisectoral interventions

targeting pastoralist regions, maternal and child health, screening and treatment of

risk groups that could reduce the prevalence of anaemia.
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1 | INTRODUCTION

Anaemia remains a significant global health concern with over one-

quarter of the world's population affected by the condition (Balarajan,

Ramakrishnan, Ozaltin, Shankar, & Subramanian, 2011). Developing

countries, in particular, Africa and South-East Asia, account for over

89% of the global anaemia burden (Kassebaum, 2016; WHO, 2015).

Aside from disproportionately affecting these regions, anaemia

prevalence differs by age group. In particular, young children under

the age of 5 years account for over 47% of the total burden (Balarajan

et al., 2011), with one of the highest prevalence existing in Ethiopia

(World Health Organization [WHO], 2015). The Ethiopian Demo-

graphic and Health Survey (EDHS) 2016 reported that 57% of the

children under the age of 5 years were anaemic. Levels were highest

in those aged 6–23 months, with 72% of these children having anae-

mia (Central Statistical Agency/Ethiopia [CSA] and ICF, 2017).

Received: 28 February 2020 Revised: 18 August 2020 Accepted: 3 September 2020

DOI: 10.1111/mcn.13082

bs_bs_banner

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2020 The Authors. Maternal & Child Nutrition published by John Wiley & Sons Ltd.

Matern Child Nutr. 2020;e13082. wileyonlinelibrary.com/journal/mcn 1 of 13

https://doi.org/10.1111/mcn.13082

https://orcid.org/0000-0002-9727-1979
https://orcid.org/0000-0002-5321-1034
https://orcid.org/0000-0001-8626-1305
https://orcid.org/0000-0001-7411-8325
https://orcid.org/0000-0002-6279-8068
mailto:bilalshikur10@gmail.com
https://doi.org/10.1111/mcn.13082
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/mcn
https://doi.org/10.1111/mcn.13082
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fmcn.13082&domain=pdf&date_stamp=2020-09-23


Anaemia results in a clinical syndrome, primarily manifesting in

fatigue (Lanzkowsky, 2016). In children, the long-term consequences

are of significant concern. These are multifaceted and, if left

untreated, can result in impaired growth, poor cognitive and motor

development, which results in children being less attentive and explor-

atory (Lozoff et al., 2006; Ngure et al., 2014). Additionally, anaemia

leaves children with increased susceptibility to infections (Abebe

et al., 2018; Muchie, 2016). As such, diagnosis and treatment of anae-

mia in children should be of primary concern. Given the distinct period

of rapid growth experienced by children aged 6–23 months, this age

group is particularly at risk and therefore, assuring adequate iron

intake is of utmost importance (Malako, Teshome, & Belachew, 2018).

The condition is characterized by a decreased amount of red

blood cells or low haemoglobin levels in the blood (Desalegn,

Mossie, & Gedefaw, 2014). Various studies have documented several

factors associated with anaemia (Adish, Esrey, Gyorkos, &

Johns, 1999; Desalegn et al., 2014; Ejigu, Wencheko, &

Berhane, 2018; Reithinger et al., 2013). These showed that anaemia is

multifactorial, however primarily of nutritional nature, with low intake

and absorption of iron from the diet as its dominant cause (Desalegn

et al., 2014). In Ethiopia, anaemia sometimes manifests secondary to

another disease, including infectious diseases and intestinal parasites

such as malaria and hookworm. The malaria virus, which infects red

blood cells, results in the rupture and loss of these cells, eventually

leading to anaemia (Barreiro et al., 2017; Desalegn et al., 2014; Girum,

Shumbej, & Shewangizaw, 2019; Reithinger et al., 2013; Taffese

et al., 2018; White, 2018). Children of breastfeeding age are at a par-

ticularly high risk of developing anaemia. Studies have suggested that

the stored gestational iron in the mother's breast milk may be insuffi-

cient (Li, Liang, Liang, Shi, & Han, 2019). As such, in these children,

the consumption of foods high in iron, for example, red meat, vegeta-

bles and fruits is essential for the prevention of iron deficiency,

whereas consuming tea and foods high in fibre should be avoided

(De la Cruz-Góngora, Villalpando, Rebollar, Shamah-Levy, &

Humarán, 2012; Li et al., 2019; United States Agency for International

Development [USAID], 2013). In Ethiopia, adequate nutrition is of real

concern. Data from the 2016 DHS showed that only 7% of all children

aged 6–23 months reached the minimum standard of the infant and

young child feeding (IYCF) minimum acceptable diet (MAD). This rec-

ommended standard of diet includes breastfeeding and diversity in

nutrient-rich foods; a lack of which may explain the high prevalence

of anaemia in this context (CSA and ICF, 2017). Socio-demographic

and economic factors may also contribute to the prevalence of anae-

mia, with higher levels in those with poorer education and socioeco-

nomic status. Furthermore, studies indicate that the proportion of

anaemia varies across geographical regions, with children living in rural

areas being more at risk than those living in urban areas (Abebe

et al., 2018; Ejigu et al., 2018). These risk factors are well docu-

mented; however, identifying the contribution of risk factors is

needed to determine the most critical predictors of anaemia in Ethio-

pia, which then can be targets of interventions.

To develop highly effective interventions and policies targeting a

reduction in the prevalence of anaemia, it is essential to summarize

key determinants, temporal trends and geographic patterns within

Ethiopia. As such, anaemia has been prioritized at the global level

through the second World Health Organization (WHO) Global Nutri-

tion Target for 2025 (WHO, 2014) and nationally through the Ethio-

pian Health Extension Program (Federal Ministry of Health

Ethiopia, n.d.; Workie, Ramana,, & The World Bank, 2013). Despite

this, efforts focused on tackling anaemia in children under 2 years are

currently insufficient.

In spite of its magnitude in Ethiopia, limited evidence is available

regarding anaemia's broad set of determinants. As previous research

was mostly focusing on single time points, there is a scarcity of infor-

mation on the patterns of determinants of anaemia over time. Hence,

we present a comprehensive overview of anaemia in entire Ethiopia,

validating its multifactorial set of determinants and covering the

period of 2005 to 2016, the period over which haemoglobin data

were available. Therefore, this study aims to examine the trends and

drivers of anaemia by identifying geographical patterns and associated

determinants among children aged 6–23 months in Ethiopia for over

10 years.

2 | METHODS

2.1 | Data sources and collection

National-based data on the prevalence of anaemia in children were

used from the EDHS rounds 2005, 2011 and 2016. The surveys cov-

ered all administrative areas in Ethiopia, using a stratified, two-stage

cluster sampling design (CSA & ICF, 2012, 2017; CSA & ORC Macro,

2006). Across the three surveys, a total of 50,470 households were

selected, from which 93% were successfully interviewed. This resulted

in a total of 22,568 children being tested for anaemia. This study was

restricted to children between 6 and 23 months. Consequently, we

used the data of 1,290 children in 2005, 2,970 in 2011 and 3,064 in

the year 2016.

Further information on the methodology can be found elsewhere

(CSA and ICF, 2012, 2017; CSA and ORC Macro, 2006).

Key messages

• Among children aged 6–23 months in Ethiopia, anaemia

remained a severe public health concern, and no progress

was made from 2005 to 2016.

• The key determinants of anaemia among young children

aged 6–23 months are younger age (6–11 months), anae-

mic mothers and growing up in pastoralist regions.

• Given the lack of anaemia reduction in Ethiopia, investing

in large-scale evidence-based and multisectoral

programmes is required after evaluating national anaemia

prevention gaps.
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2.2 | Anaemia and its determinants

Appendix SA1 displays the variables included at baseline, and Appen-

dix SB1 visually presents the relation of childhood anaemia determi-

nants in the form of a conceptual framework. The determinants have

been chosen based on literature search and available data in the

EDHSs and were organized in line with the established United States

Agency for International Development (USAID) conceptual framework

for anaemia (CSA and ICF, 2012, 2017; CSAand ORC Macro, 2006;

USAID, 2013). The variables were coded as follows:

2.2.1 | Outcome variable

Blood samples were drawn from a drop of blood taken from the palm

side of the end of a finger, and in the case of infants younger than

12 months, blood was taken from the heel prick. Anaemia status was

defined as mild, moderate and severe anaemia. For this study's pur-

pose, this was recoded into a dichotomous variable, having anaemia

or not. Any blood haemoglobin count below 11 g/dl was considered

anaemic.

2.2.2 | Immediate determinants

Participants were asked whether their child was infected with any of

the three most common childhood illnesses 2 weeks preceding the

survey: fever, diarrhoea and signs of acute respiratory infection. Nutri-

tional deficiencies were identified by asking mothers about the food

the children ate the day preceding the survey: flesh foods, including

meat, fish, poultry and liver/organ meats; Vitamin A-rich fruits and

vegetables; legumes; milk and dairy. A minimum dietary diversity vari-

able was created to identify whether the child ate at least four out of

seven food groups as recommended and defined by the WHO

(WHO, 2009). Lastly, mothers were asked whether they were

breastfeeding or not.

2.2.3 | Underlying determinants

The two variables of latrine facility and drinking water sources

were classified into improved or unimproved based on the defini-

tions by the WHO/United Nations Children's Fund (UNICEF) Joint

Monitoring Program (JMP) for Water Supply and Sanitation

(WHO, 2017). Slight changes in classifications across the different

surveys were taken into account. We made a distinction between

one or two births and more than two births, as increased intervals

between pregnancies are associated with an increase in

haemoglobin level and a decrease in adverse health outcomes

(Afeworki, Smits, Tolboom, & van der Ven, 2015; Conde-Agudelo,

Rosas-Bermudez, Castano, & Norton, 2012). Additionally, the

women were asked whether they took the recommended minimum

of 90 iron tablets or syrup during the pregnancy of their last born

child and whether they received a minimum of four antenatal care

visits according to the WHO (Croft, Marshall, & Allen, 2018). Other

determinants were identified with the questions whether the child

received vitamin A supplements or deworming in the 6 months

preceding the interview. Lastly, we checked whether the national

routine immunization had been completed in all children at the

intended time. The routine immunization schedule in Ethiopia com-

prises six vaccine-preventable diseases, measles, diphtheria, pertus-

sis, tetanus and tuberculosis (Federal Ministry of Health, 2015).

2.2.4 | Basic causes

The nutritional status among children was assessed by applying three

indices: height-for-age, weight-for-height and weight-for-age, each

providing different information on growth and body composition

(CSA & ICF, 2017). To summarize essential attributes of the children

and mothers, we included some baseline characteristics: gender and

age of the children, anaemia status and age of the mothers and the

educational and geographical background of the mothers and their

partners. The regions were distributed as follows: Afar, Somali,

Gambela and Benishangul-Gumuz as pastoralist regions (also referred

to as pastoralist and emerging regions in Ethiopian context), the

regions of Tigray, Amhara, Oromiya and the Southern Nations,

Nationalities and People's Region (SNNPR) represent the agrarian

region, and the three cities Harari, Dire Dawa and Addis Ababa were

combined (Federal Ministry of Health Ethiopia, n.d.). Also, the wealth

index was added as an appropriate measure of a household's cumula-

tive living standard. This index consists of data on several selected

household assets such as water access and sanitation facilities, televi-

sions and bicycles. The DHS distributes the population into five

wealth quintiles ranging from the poorest to the wealthiest (CSA &

ICF, 2017).

2.3 | Data analysis

The statistical analysis of the data was performed using STATA 15.

To ensure a representative sample, we applied complex sample

design weightings to all analyses (Croft et al., 2018). Descriptive

statistics were used to analyse baseline characteristics to provide

an overall picture of the sample. Pearson's correlation was run to

determine the relationship between all predictor variables. Positive

correlations were found, but were adjusted for in the following

analyses by using the robust estimator (Do Cameron &

Miller, 2015). An exploratory cross-tabulation of anaemia preva-

lence and its determinants was performed to guide further analysis.

We used multivariable logistic regression models to investigate the

relationship between anaemia and the selected predictors per year.

Independent variables were deleted by using the ‘backward’ elimi-

nation principle. For all independent variables, the nonrisk factor

was considered the reference category. A significance level of 0.05

was chosen for all analyses.
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The socioeconomic gradient was investigated using the wealth

index and corresponding wealth quintiles. In this study, the

Erreygers concentration index (CI) using wealth as a rank variable

was computed for each year (Ambel et al., 2017). The CI is a value

bounding between −1 and +1. A negative index indicates that

poorer households disproportionately bear the burden of anaemia,

whereas a positive value indicates that wealthier households are

more affected (Bilger, Kruger, & Finkelstein, 2017; Cai, Coyte, &

Zhao, 2017).

2.4 | Ethical Considerations

The study received ethical approval by the Health, Ethics & Society of

the Faculty of Health, Medicine and Life Sciences at Maastricht Uni-

versity. Ethical clearances for the surveys were provided by the

EHNRI Review Board, the National Research Ethics Review Commit-

tee, the ORC Macro Institutional Review Board in Calverton, USA, the

Institutional Review Board of ICF International and the United States

Centers for Disease Control and Prevention.

3 | RESULTS

3.1 | Baseline characteristics

Table 1 summarizes the baseline characteristics of the three samples

included in the study. Haemoglobin measures were available for

7,324 children aged 6–23 months. The samples revealed that anaemia

was a persistent problem affecting a large proportion, with worrisome

values of 71%, 61% and 72% over the different years.

3.2 | Prevalence of anaemia by determinants

Table 2 shows the prevalence of anaemia by each determinant. The

higher prevalence of anaemia was observed in children younger than

1 year, those who grew up in pastoralist regions such as Somali or

Afar, those whose mothers were anaemic, malnourished children and

those whose parents attained lower education. Though not always

proven statistically significant, the prevalence of anaemia was higher

in both 2005 and 2016 for almost all determinants compared with the

year 2011.

3.3 | Factors associated with anaemia

Table 3 shows the results of the multivariable logistic regression anal-

ysis of children's anaemia status in 2005, 2011 and 2016. The analysis

showed that the odds of anaemia was significantly higher for

6–11 months old across all three EDHSs (odds ratio [OR] = 1.7 [1.0–

2.8]; OR = 1.7 [1.2–2.2]; OR = 1.5 [1.1–2.1]). Children whose mothers

were anaemic were more likely to suffer from anaemia in 2005 and

2016 (OR = 2.1 [1.4–3.2]; OR = 1.7 [1.2–2.3]) and those living in pas-

toralist regions in 2011 and 2016 (OR = 1.8 [1.4–2.4]; OR = 1.5; [1.1–

2.1]). Household wealth was also found to be associated with a higher

prevalence of anaemia, with children from households in the wealthy

quintile being less likely to suffer from anaemia in 2005 (OR = 0.6;

[0.3–1.0]), whereas numbers of 2016 showed that anaemia increased

noticeably with poverty (OR = 1.8; [1.2–2.7]). Other variables such as

nutrition, infections, treatment, hygiene and sanitation were not sig-

nificantly associated with anaemia when adjusted for other variables.

3.4 | Concentration index

Table 4 provides information on the concentration indices for the dif-

ferent years. The index values were negative for child anaemia, indi-

cating a higher prevalence of anaemia among the less affluent

households. The table depicts a significantly negative value for the

year 2005, which indicated a higher concentration of children with

anaemia among the poor and a moderate level of inequality (−0.150;

[−0.2 to −0.1]). In 2011 the concentration index of −0.019 [−0.1–0.0]

confirmed child anaemia was less heavily concentrated among worse-

off households compared with the survey before. However, wealth-

based inequality was found not to be significant. The last survey dem-

onstrated a significant tendency of inequality, shown by an index of

−0.094 [−0.1 to −0.1]. The indices were all negative, indicating that

children with anaemia were concentrated among the less affluent

households. Larger values, as measured in 2005 and 2016, represent

moderate levels of inequality. The index value of 2011 was close to

zero, implying fewer inequalities existed at that time.

4 | DISCUSSION

By investigating the prevalence of anaemia over 11 years, analysing

its determinants and inequalities, the results of this study provide a

comprehensive overview of the serious public health concern of anae-

mia among Ethiopian children aged 6–23 months. Previous studies

investigated specific determinants, isolated geographical patterns and

distinct time-points of anaemia in Ethiopia (Abebe et al., 2018; Des-

alegn et al., 2014; Ejigu et al., 2018; Kebede, Gerensea, Amare,

Tesfay, & Teklay, 2018; Reithinger et al., 2013). This study offers

essential insights on top of these findings. Looking at the results of

the multiple analyses, some main findings can be identified.

Anaemia prevalence continues to be alarmingly high, especially in

infants younger than 12 months, children whose mothers are anaemic

and children growing up in pastoralist regions. Additionally, we

showed that wealth-based inequalities in anaemia prevalence

remained constant over the 11 years, with the highest prevalence

existing in the poorest part of the population and performing a severe

health problem even among the wealthiest.

The first main finding of this study was that the overall preva-

lence of anaemia in children aged 6–23 months remained alarmingly

high throughout the 11 years. Prevalence was consistently greater
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TABLE 1 Baseline characteristics of the children and their caretakers per year (N = 7,324)

EDHS 2005 (N = 1,290) EDHS 2011 (N = 2,970) EDHS 2016 (N = 3,064)
Variables %* (N) %* (N) %* (N)

Anaemia (child) No 28.8 (371) 39.1 (1,161) 28.1 (861)

Yes 71.2 (918) 60.9 (1,809) 71.9 (2,204)

Sex (child) Male 48.9 (631) 51.3 (1,522) 47.5 (1,455)

Female 51.1 (659) 48.7 (1,447) 52.5 (1,610)

Age (child/months) 6–11 32.9 (425) 36.1 (1,072) 34.0 (1,043)

12–23 67.1 (865) 63.9 (1,898) 66.0 (2,022)

Nutrition status (child)

Stunting No 58.9 (760) 64.6 (1,919) 68.1 (2,084)

Yes 41.1 (530) 35.4 (1,051) 31.9 (975)

Wasting No 85.5 (1,103) 86.0 (2,553) 87.1 (2,668)

Yes 14.5 (187) 14.0 (417) 12.9 (394)

Underweight No 62.0 (800) 74.3 (2,206) 79.1 (2,421)

Yes 38.0 (490) 25.7 (764) 20.9 (641)

Age (women/years) 15–19 6.2 (78) 6.5 (186) 5.3 (156)

20–34 68.3 (856) 74.4 (2,143) 74.9 (2,202)

35–49 25.5 (320) 19.2 (553) 19.8 (582)

Anaemia (women) No 72.2 (894) 83.4 (2,387) 69.7 (2,027)

Yes 27.8 (345) 16.6 (475) 30.4 (883)

Education (women) No 77.4 (970) 68.4 (1,971) 61.2 (1,801)

Primary 18.4 (231) 27.6 (797) 31.4 (922)

Secondary/higher 4.2 (53) 4.0 (114) 7.4 (218)

Education (partner) No 56.4 (698) 49.2 (1,400) 44.1 (1,223)

Primary 33.3 (412) 42.6 (1,213) 42.6 (1,181)

Secondary/higher 10.3 (127) 8.2 (232) 13.3 (367)

Marital status Married/living together 94.5 (1,185) 93.3 (2,689) 95.0 (2,794)

Widowed/divorced 3.9 (49) 4.7 (135) 3.1 (90)

Single 1.6 (20) 2.0 (58) 1.9 (56)

Regions Tigray 6.6 (85) 6.7 (200) 7.6 (233)

Afar 0.8 (10) 0.8 (24) 1.0 (30)

Amhara 22.0 (283) 21.9 (650) 19.3 (592)

Oromiya 39.7 (512) 43.6 (1,296) 43.8 (1,342)

Somali 2.6 (34) 2.3 (69) 3.7 (113)

Ben-gum. 1.0 (13) 1.2 (35) 1.0 (30)

SNNPR 25.4 (328) 20.8 (619) 20.8 (636)

Gambela 0.2 (3) 0.3 (9) 0.2 (7)

Harari 0.2 (3) 0.2 (6) 0.2 (6)

Addis Ababa 1.2 (16) 1.8 (54) 2.1 (65)

Dire Dawa 0.3 (4) 0.4 (9) 0.4 (11)

Rural vs. urban Pastoralist 4.6 (60) 4.6 (137) 5.9 (180)

Agrarian 93.7 (1,208) 93.1 (2,764) 91.4 (2,802)

Cities 1.7 (22) 2.3 (69) 2.7 (82)

Wealth Poorest 22.3 (288) 24.1 (716) 22.7 (694)

Poor 21.1 (272) 22.6 (672) 21.2 (648)

Middle 22.3 (287) 20.7 (614) 22.8 (699)

Wealthy 19.1 (247) 18.4 (546) 19.2 (588)

Wealthiest 15.2 (196) 14.2 (422) 14.2 (436)

Note: Stunted = (severely) stunted; wasted = (severely) wasted; Ben-Gum.: Benishangul-Gumuz.

*p < 0.05.
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TABLE 2 Percentage of children aged 6–3;23 months classified as having anaemia by independent variable per year

EDHS 2005 EDHS 2011 EDHS 2016

Anaemia prevalence Anaemia prevalence Anaemia prevalence

Variables Anaemic (%) 95% CI Anaemic (%) 95% CI Anaemic (%) 95% CI

Dependent variable

Anaemia 71.2 67.8; 74.4 60.9 57.9; 63.8 71.9 68.7; 74.9

Underlying determinants: socio-demographic and socioeconomic

Sex (child) Male 75.0* 70.2; 79.2 60.7 56.5; 64.7 73.2 69.0; 77.0

Female 67.6* 62.9; 72.0 61.1 57.1; 65.0 70.7 66.6; 74.5

Age (child) 6–11 75.4 69.5; 80.5 66.6* 61.9; 71.0 77.2* 72.5; 81.2

12–23 69.1 65.0; 73.0 57.7* 54.0; 61.3 69.2* 65.6; 72.6

Stunting No 68.4* 63.8; 72.7 59.9 56.4; 63.3 71.2 67.5; 74.7

Yes 75.2* 70.0; 79.8 62.7 57.9; 67.3 73.3 68.8; 77.4

Wasting No 69.9 66.2; 73.4 60.3 57.1; 63.4 70.3* 66.9; 73.4

Yes 78.7 69.5; 85.8 64.6 57.4; 71.2 82.8* 76.4; 87.8

Underweight No 66.6* 62.1; 70.9 59.6 56.2; 62.9 70.0* 66.3; 73.5

Yes 78.7* 73.4; 83.1 64.8 59.2; 70.0 79.0* 73.5; 83.5

Age (w.) 15–19 84.2 71.4; 92.0 64.3 53.9; 73.6 79.0 68.0; 86.8

20–34 71.5 67.4; 75.3 61.1 57.5; 64.5 72.3 68.6; 75.7

35–49 69.3 62.0; 75.7 59.3 53.8; 64.6 68.6 62.9; 73.8

Anaemia (w.) No 69.1* 65.0; 73.0 59.6* 56.4; 62.7 68.2* 64.7; 71.6

Yes 79.1* 72.8; 84.3 67.1* 60.5; 73.0 80.2* 75.5; 84.2

Education (w.) No 73.4 69.6; 76.9 63.1* 59.7; 66.5 72.6* 68.7; 76.2

Primary 68.9 60.1; 76.5 57.8* 52.4; 63.0 74.1* 69.0; 78.7

Secondary/higher 53.9 36.6; 70.3 45.7* 34.5; 57.2 57.3* 48.8; 65.4

Education (p.) No 74.3 69.7; 78.4 61.6* 57.3; 65.7 72.5 67.9; 76.6

Primary 68.2 61.8; 74.1 63.1* 58.4; 67.6 73.3 68.1; 77.8

Secondary/higher 67.5 56.3; 77.0 48.3* 38.2; 58.6 63.9 57.2; 70.2

Marital status Married/living t 71.1 67.5; 74.3 60.4 57.3; 63.5 71.8 68.6; 74.8

Wid./div. 82.2 63.8; 92.4 71.0 59.9; 80.0 72.0 54.6; 84.6

Single 87.3 55.7; 97.4 62.1 43.4; 77.6 78.1 57.7; 90.3

Region Tigray 77.3* 68.8; 84.0 60.2* 52.9; 67.0 73.6* 67.4; 78.9

Afar 77.7* 63.1; 87.7 88.0* 83.5; 91.5 88.7* 83.9; 92.3

Amhara 72.6* 64.8; 79.2 55.4* 48.4; 62.1 65.5* 59.3; 71.3

Oromiya 76.1* 70.1; 81.1 66.8* 61.6; 71.7 77.6* 72.0; 82.3

Somali 94.0* 83.2; 98.0 76.3* 66.7; 83.9 91.1* 87.2; 93.9

Ben-Gum. 58.8* 49.8; 67.3 60.9* 53.2; 68.1 59.8* 52.5; 66.6

SNNPR 59.1* 52.8; 65.1 52.5* 47.1; 57.9 62.4* 55.4; 68.9

Gambela 70.7* 50.1; 85.3 67.3* 55.5; 77.2 69.3* 60.7; 76.8

Harari 79.3* 67.8; 87.5 73.4* 66.3; 79.5 81.4* 73.8; 87.2

Addis Ababa 61.2* 40.8; 78.3 47.2* 37.3; 57.2 61.9* 53.3; 69.8

Dire Dawa 75.4* 58.5; 87.0 78.6* 70.3; 85.1 84.5* 75.2; 90.7

Rural vs. urban Pastoralist 82.7* 76.0; 87.8 73.8* 68.3; 78.7 84.6* 81.2; 87.5

Agrarian 70.7* 67.1; 74.1 60.5* 57.2; 63.6 71.3* 67.7; 74.5

Cities 65.7* 50.6; 78.2 53.6* 46.0; 61.0 66.4* 59.3; 72.8

Wealth Poorest 78.5* 72.1; 83.7 61.3* 55.8; 66.6 81.5* 76.1; 85.9

Poor 76.2* 68.4; 82.6 65.9* 60.5; 70.7 72.2* 66.9; 77.0

Middle 73.5* 65.9; 79.9 62.9* 56.5; 69.0 70.0* 62.9; 76.3
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TABLE 2 (Continued)

EDHS 2005 EDHS 2011 EDHS 2016

Anaemia prevalence Anaemia prevalence Anaemia prevalence

Variables Anaemic (%) 95% CI Anaemic (%) 95% CI Anaemic (%) 95% CI

Wealthy 59.0* 50.9; 66.6 60.3* 53.5; 66.7 68.3* 61.6; 74.3

Wealthiest 65.7* 56.8; 73.7 50.0* 41.7; 58.3 64.1* 57.6; 70.1

Immediate determinants: nutritional deficiencies

Duration breastfeeding Ever, not currently 60.5 45.7; 73.6 61.3 50.6; 71.0 75.1 67.7; 81.2

Never breastfed 65.5 16.3; 94.9 82.5 54.4; 94.9 69.1 50.1; 83.3

Still breastfeeding 72.7 69.1; 75.9 60.8 57.5; 63.9 71.5 68.2; 74.7

Flesh food No 71.8 68.3; 75.1 61.1 58.0; 64.1 72.5 69.1; 75.6

Yes 72.6 58.9; 83.1 59.2 49.3; 68.5 65.8 56.8; 73.9

Legumes No 72.9 68.8; 76.6 61.9 58.7; 65.0 73.9* 70.4; 77.2

Yes 68.8 61.7; 75.1 56.8 49.9; 63.4 64.6* 58.4; 70.3

Vegetables and fruits No 73.7* 70.0; 77.1 62.4* 59.3; 65.5 73.3 69.6; 76.6

Yes 62.7* 53.9; 70.8 50.2* 43.1; 57.3 67.9 61.7; 73.5

Milk No 71.2 66.6; 75.4 61.6 58.1; 64.9 71.9 68.5; 75.2

Yes 72.8 67.1; 77.9 58.9 53.0; 64.5 72.2 66.2; 77.5

Dairy No 71.3 67.6; 74.7 60.3 57.0; 63.5 71.1 67.8; 74.2

Yes 75.6 65.1; 83.7 67.6 57.4; 76.4 75.4 68.5; 81.1

Dietary diversity Below 4 71.2 67.7; 74.4 61.1 58.2; 64.0 72.4 69.1; 75.4

4 and above 75.8 41.3; 93.3 48.9 29.2; 68.9 66.3 55.6; 75.6

Iron-rich food No 72.8 68.2; 76.9 63.6* 60.1; 66.9 75.3* 71.3; 78.9

Yes 68.7 63.2; 73.7 55.0* 50.0; 60.0 66.9* 62.3; 71.2

Iron-inhibiting food No 71.5 66.9; 75.7 60.7 56.9; 64.3 70.9 67.3; 74.1

Yes 72.1 66.6; 77.0 61.7 56.3; 66.8 74.3 68.9; 79.1

Immediate determinants: infections

Fever No 72.1 68.1; 75.8 61.2 57.9; 64.5 70.6* 66.9; 74.0

Yes 70.8 64.0; 76.8 60.2 54.5; 65.7 77.5* 71.8; 82.3

Cough No 72.9 69.1; 76.3 62.1 58.6; 65.4 71.6 68.0; 75.0

Yes 67.8 60.7; 74.3 57.6 51.8; 63.2 72.9 67.4; 77.7

Diarrhoea No 69.3* 65.0; 73.4 61.5 58.2; 64.6 71.6 67.9; 75.1

Yes 77.3* 71.5; 82.2 59.7 54.1; 65.0 73.0 67.4; 78.0

Underlying determinants: Inadequate prevention/treatment and maternal care

Deworming No 72.3 68.7; 75.6 61.3 58.1; 64.3 71.2 67.9; 74.3

Yes 64.3 40.6; 82.6 58.7 50.0; 66.8 76.3 67.1; 83.6

Full immunization No 70.4 66.5; 74.0 60.8 57.5; 64.1 71.1 67.3; 74.5

Yes 74.5 66.0; 81.6 61.2 55.2; 66.9 74.4 69.2; 79.0

Vitamin A supplementation No 71.8 67.1; 76.1 63.1 59.2; 66.9 72.3 68.7; 75.6

Yes 72.1 66.8; 76.8 59.3 55.5; 62.9 71.6 67.0; 75.4

ANC visits <4 72.4 68.7; 75.9 61.1 57.7; 64.5 72.6 68.6; 76.2

≥4 68.9 59.6; 76.9 56.9 50.4; 63.3 70.0 65.6; 74.0

Nr. of births 1 or 2 71.1 67.4; 74.5 60.4 57.3; 63.5 71.2 68.2; 74.1

More than 2 72.3 60.8; 81.4 65.5 57.7; 72.5 79.4 68.1; 87.5

Underlying determinants: water, hygiene and sanitation

Drinking water Improved 71.5 66.7; 75.9 58.2 53.8; 62.5 70.7 67.3; 73.9

Unimproved 71.0 65.8; 75.7 63.2 59.3; 66.9 73.6 68.6; 78.0

(Continues)
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TABLE 3 Multivariable logistic regression results of child anaemia (N = 6,154)

EDHS 2005 (N = 1,011) EDHS 2011 (N = 2,589) EDHS 2016 (N = 2,554)

Variables Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI

Underlying determinants: socio-demographic and socioeconomic

Sex Male (ref.)

Female 0.7 0.5; 1.0 1.1 0.8; 1.3 0.9 0.7; 1.1

Age (child) 6–11 1.7* 1.0; 2.8 1.7* 1.2; 2.2 1.5* 1.1; 2.1

12–23 (ref.)

Stunting No (ref.)

Yes 1.2 0.7; 1.9 1.1 0.8; 1.5 1.0 0.7; 1.4

Wasting No (ref.)

Yes 1.3 0.7; 2.4 1.0 0.7; 1.4 1.5 1.0; 2.4

Underweight No (ref.)

Yes 1.6 1.0; 2.7 1.2 0.8; 1.6 1.2 0.8; 1.8

Age (w.) 15–19 3.1* 1.2; 7.8 1.3 0.8; 2.3 1.7 0.9; 3.4

20–34 1.4 0.9; 2.0 1.1 0.8; 1.4 1.2 0.9; 1.7

35–49 (ref.)

Anaemia (w.) No (ref.)

Yes 2.1* 1.4; 3.2 1.3 0.9; 1.8 1.7* 1.2; 2.3

Education (w.) No (ref.)

Primary 1.2 0.7; 1.9 0.9 0.7; 1.1 1.2 0.9; 1.6

Sec./higher 0.5 0.2; 1.2 0.8 0.4; 1.5 0.7 0.4; 1.1

Rural vs. urban Pastoralist 1.1 0.7; 1.9 1.8* 1.4; 2.4 1.5* 1.1; 2.1

Agrarian (ref.)

Cities 1.0 0.5; 2.1 1.2 0.8; 2.0 1.4 0.8; 2.3

Wealth Poorest 2.0 0.8; 2.7 0.8 0.5; 1.1 1.8* 1.2; 2.7

Poor 1.1 0.6; 2.0 1.1 0.8; 1.5 1.1 0.7; 1.6

Middle (ref.)

Wealthy 0.6* 0.3; 1.0 0.9 0.6; 1.3 1.0 0.6; 1.5

Wealthiest 1.0 0.5; 1.8 0.6 0.4; 1.0 0.8 0.5; 1.3

Immediate determinants: nutritional deficiencies

Diet Below 4 (ref.)

4 and above 2.7 0.6; 12.0 1.0 0.4; 2.6 1.1 0.7; 1.8

Iron-rich food No (ref.)

Yes 0.9 0.6; 1.2 0.8 0.6; 1.0 0.8 0.6; 1.0

TABLE 2 (Continued)

EDHS 2005 EDHS 2011 EDHS 2016

Anaemia prevalence Anaemia prevalence Anaemia prevalence

Variables Anaemic (%) 95% CI Anaemic (%) 95% CI Anaemic (%) 95% CI

Toilet facility Improved 67.0 56.6; 76.0 54.1 45.8; 62.2 71.8 65.3; 77.5

Unimproved 71.5 67.9; 75.0 61.8 58.7; 64.9 71.9 68.5; 75.1

Note: Variables are defined as in the methods section.

*p < 0.05.

8 of 13 HEINRICHS ET AL.bs_bs_banner



than 55% and was highest in 2016, at 72%. These numbers are similar

to corresponding data published in the EDHSs (CSA & ICF, 2012,

2017; CSA & ORC Macro, 2006). According to the WHO guidelines,

this study classifies anaemia as a severe public health problem (≥40%),

regardless of region or wealth status (WHO, 2008, 2015). This result

also confirms the findings of other studies carried out in some parts of

Ethiopia (Alemayehu, Meskele, Alemayehu, & Yakob, 2019; Woldie,

Kebede, & Tariku, 2015) and other parts of the world (Nguyen, Scott,

Avula, Tran, & Menon, 2018; Uddin et al., 1970).

Secondly, concentration analysis showed moderate inequalities in

the distribution of anaemia by wealth, with higher numbers among

people from lower socioeconomic groups. A study highlighted the

association between poor economic status and food insecurity. Food

insecurity, characterized by decreased nutrient intake and poor health,

is a predictor for malnutrition, including iron deficiency (Pasricha

et al., 2010). Higher prevalence of anaemia in less affluent households

may also be attributed to a lack of access to health care services and

education and fewer possibilities to purchase nutrient-rich food

(Nankinga & Aguta, 2019; Sunil & Sagna, 2015). This study's finding is

in line with other studies in certain parts of Ethiopia (Birhane,

Shiferaw, Hagos, & Mohindra, 2014; Woldie et al., 2015) and sub-

Saharan Africa (Harttgen, Klasen, & Vollmer, 2013). Although anaemia

prevalence was generally higher among poorer households, wealthy

children struggled with severe anaemia too. Ethiopia's implementation

of the National Nutrition Program has not yet tackled the magnitude

of anaemia, which may be caused by a lack of focus on underlying

socioeconomic disparities influencing nutrition (Kennedy et al., 2015).

To achieve ultimate successes, a multisectoral approach is needed to

TABLE 3 (Continued)

EDHS 2005 (N = 1,011) EDHS 2011 (N = 2,589) EDHS 2016 (N = 2,554)

Variables Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI

Immediate determinants: infections

Fever No (ref.)

Yes 0.9 0.5; 1.4 1.0 0.8; 1.4 1.5 1.0; 2.2

Cough No (ref.)

Yes 0.8 0.5; 1.2 0.8 0.6; 1.1 0.8 0.6; 1.2

Diarrhoea No (ref.)

Yes 1.4 0.9; 2.1 0.9 0.7; 1.2 1.0 0.7; 1.4

Underlying determinants: inadequate prevention/treatment and maternal care

Deworming No (ref.)

Yes 0.9 0.3; 2.3 1.1 0.8; 1.5 1.7* 1.0; 2.7

Immunization No (ref.)

Yes 1.2 0.6; 2.1 0.8 0.6; 1.1 1.1 0.8; 1.5

Vitamin A No (ref.)

Yes 1.0 0.7; 1.5 0.9 0.7; 1.2 1.0 0.7; 1.3

Nr. of births 1 or 2 (ref.)

More than 2 1.0 0.5; 2.0 1.1 0.7; 1.6 1.5* 0.9; 2.6

Underlying determinants: water, hygiene and sanitation

Drinking water Improved (ref.)

Unimproved 1.0 0.7; 1.4 1.1 0.9; 1.4 1.0 0.7; 1.3

Toilet facility Improved (ref.)

Unimproved 0.9 0.6; 3.9 1.1 0.7; 1.5 0.9 0.6; 1.449

Note: Variables are defined as above; w: women.

*p < 0.05.

TABLE 4 Concentration indices of child anaemia in Ethiopia per year

EDHS 2005 EDHS 2011 EDHS 2016

Con. index 95% CI Con. index 95% CI Con. index 95% CI

Child anaemia −0.150* −0.2; −0.1 −0.019 −0.1; 0.0 −0.094* −0.1; −0.1

Note: con. index: concentration index.

*p < 0.05.
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improve health sustainably, together with policies, education and agri-

culture (Ambel et al., 2017), primarily directed towards risk-groups.

Multivariable logistic regression showed that children aged

6–11 months had significantly higher odds of being anaemic. Research

states that by 4 months of age, neonatal iron stores usually reduce by

half (Booth & Aukett, 1997), and by 6 months, children have depleted

the iron stores present at birth (Lanzkowsky, 2016). For this reason,

all infants should start receiving additional sources of iron at the age

of 6 months to maintain sufficient haemoglobin concentration. Unlike

the recommended 6 months of exclusive breastfeeding by the

WHO (2009), the median duration of exclusive breastfeeding in Ethio-

pia was between two and 3 months, and complementary foods were

not initiated in a timely fashion for many children either. Mothers

either perform exclusive breastfeeding for too long or stop too early,

which both can result in malnutrition (Alemayehu, Haidar, &

Habte, 2009; CSA & ICF, 2012, 2017; CSA & ORC Macro, 2006;

Setegn et al., 2012). The absorption of haemoglobin is particularly

enhanced by a meat-based diet, including poultry and fish and fruits

and vegetables high in Vitamin C. However, especially meat-based

foods are less likely to be fed (Booth & Aukett, 1997; CSA &

ICF, 2017; Meinzen-Derr et al., 2006). Instead, parents start feeding

their children with cow-milk and other dairy products, which are die-

tary predictors of iron deficiency (Booth & Aukett, 1997; Tassew,

Tekle, Belachew, & Adhena, 2019). It is assumed that this is due to

misinformation and inadequate education on breastfeeding and com-

plementary feeding. So far, not many studies have focused on young

children, let alone infants in the Ethiopian context. More preventative

actions should be brought to national and community attention,

revolving around the educating on dietary feeding practices and sup-

plementary iron (Booth & Aukett, 1997; Kulwa, Verstraeten,

Bouckaert, Kolsteren, & Lachat, 2014).

Finally, we showed that children growing up in pastoralist regions

had significantly higher odds of having anaemia than those in agrarian

or urban areas. One potential reason is the difference in dietary pat-

terns and habits per region. People living in pastoralist regions, like

Afar and Somali, have little diversity in their diet (Workicho

et al., 2016). Moreover, cattle, goat and camel milk are some of their

main consumption items known for inhibiting iron absorption (Abegaz,

Hassen, & Minten, 2018; Demeke & Di Marcantonio, 2013).

Workicho et al. (2016) further explain that urban households have a

more diversified diet. For example, people living in Addis Ababa bene-

fit from the increasing commercial food flows due to urbanization,

better access to iron-rich diets and increased demand for meat

(Worku, Dereje, Minten, & Hirvonen, 2017). Also, children from agrar-

ian regions benefit from more diverse diets, including dietary iron

(Tassew et al., 2019). Also, the production and consumption of teff in

Ethiopia have drastically increased, especially in urban settings. Agrar-

ian and pastoralist regions, on the other hand, usually consume maize,

wheat and sorghum, which contain far less iron than teff (Baye, 2014;

Demeke & Di Marcantonio, 2013; Gebru, Remans, & Brouwer, 2018).

Another adverse impact on food security is climate change. According

to FAO et al. (2018), climate change has shown dramatic effects in the

past (FAO et al., 2018), with severe droughts occurring all over

Ethiopia, particularly in Afar and Somali (Federal Democratic Republic

of Ethiopia, 2018; Lewis, 2017). Droughts affect food supply due to

impairments of crop yield and agricultural productivity, leading to

increased food insecurity and peaking numbers in childhood anaemia

(Malako et al., 2018).

4.1 | Implications

Anaemia is preventable, but more effort is needed to combat the pub-

lic health problem. Interventions addressing anaemia need to align its

multifactorial set of determinants. Understanding the factors that

influence iron deficiency is crucial for tackling anaemia on national

and regional levels.

As anaemia has disproportionately affected those children who

were younger than 1 year, those whose mothers were anaemic

and who were living in pastoralist regions, our study asks for a

nationwide multisectoral approach to address anaemia. Based on

this, preventative means must involve the health care sector,

including maternal and child health, education and agriculture. For

example, monitoring and screening of maternal anaemia should be

a fixed component of antenatal care. Especially during pregnancy,

anaemia is a risk factor for poor birth outcomes such as low

haemoglobin concentrations (Engidaye et al., 2019). Mothers should

also be educated on the benefits and management of breastfeeding

and supported in complementary feeding, in line with the recom-

mendations by the WHO (2009). As for the DHS surveys, we rec-

ommend expanding the questionnaire. Because anaemia also peaks

in early childhood, questions about nutrition should include all chil-

dren younger than 5 years and not only the lastborn

(Lanzkowsky, 2016). In Ethiopia, programmes such as the National

Nutrition Program (Kennedy et al., 2015) and the Sustainable

Undernutrition Reduction (Moss et al., 2018) aim to tackle nutrient

deficiency. For such programmes to be effective, knowing about

the target populations and vulnerable regions is crucial. Our study

offers this information and can be used to evaluate whether

programmes are adequately implemented; they pay attention to

critical determinants and whether they are inclusive for all children

living in Ethiopia.

4.2 | Limitations

We recognize that our study has limitations. First, this study relies on

repeated cross-sectional surveys. During 11 years, various exogenous

events such as the drought El Niño and consequently food shortages

peaking in 2015/16 or a challenging economic climate might have

influenced numbers in a specific survey year (Gari et al., 2017). Sec-

ond, the DHS data are self-reported, which might have subconsciously

biased our study too. Third, the cross-sectional nature of the data did

not allow us to attribute causality to any of these findings. Lastly, con-

trary to previous expectations, iron-rich food did not significantly

affect anaemia. This might be due to particular religious or societal
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reasons, where animal products are only consumed during special

occasions or not at all during times of fasting (Haileselassie

et al., 2020). Because we do not know whether the questionnaire

was taken on a representative day, this may have led to

misclassification bias.

5 | CONCLUSIONS

This study demonstrates the magnitude of anaemia as a severe public

health concern in Ethiopia and provides insight into the most critical

determinants of anaemia over the past 11 years. Given the lack of

anaemia reduction, Ethiopia must apply nationwide and context-

specific programmes, focusing on pastoralist regions, maternal and

child health and the agricultural sector. As anaemia is a multifaceted

condition, it requires multisectoral efforts that we suggest future

research should investigate. By identifying these key determinants,

this study provides policymakers and public health researchers with

recommendations for future research and essential targets for

tackling anaemia.

ACKNOWLEDGMENTS

The authors wish to thank Addis Ababa University and Maastricht

University for facilitating the research.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

DATA AVAILABILITY STATEMENT

The study used three Demographic and Health Surveys, conducted in

2005, 2011 and 2016. The data can be accessed from http://www.

dhsprogram.com/ by registering and requesting the datasets.

CONTRIBUTIONS

HH conceived and designed the study, performed the statistical analy-

sis, interpreted the results and wrote the manuscript. BSE conceived

the research idea, contributed to conceptualizing the design of the

study and assisted in data preparation. TDD assisted in data analysis

and the interpretation of the results. GJD reviewed the manuscript.

MS helped to conceptualize the study design and gave critical com-

ments at different stages of manuscript development. All authors have

seen and approved the final version of the manuscript.

ORCID

Helen Heinrichs https://orcid.org/0000-0002-9727-1979

Bilal Shikur Endris https://orcid.org/0000-0002-5321-1034

Tariku Dejene https://orcid.org/0000-0001-8626-1305

Geert-Jan Dinant https://orcid.org/0000-0001-7411-8325

Mark Spigt https://orcid.org/0000-0002-6279-8068

REFERENCES

Abebe, Z., Takele, W. W., Anlay, D. Z., Ekubagewargies, D. T., Getaneh, Z.,

Abebe, M., & Melku, M. (2018). Prevalence of anemia and its

associated factors among children in Ethiopia: A protocol for system-

atic review and meta-analysis. EJIFCC, 29(2), 138–145. Retrieved from

https://www.ncbi.nlm.nih.gov/pubmed/30050397

Abegaz, G. A., Hassen, I. W., & Minten, B. (2018). Consumption of animal-

source foods in Ethiopia: Patterns, changes, and determinants (Vol. 113).

Washington, D.C: International Food Policy Research Institute (IFPRI).

Adish, A. A., Esrey, S. A., Gyorkos, T. W., & Johns, T. (1999). Risk factors

for iron deficiency anaemia in preschool children in northern Ethiopia.

Public Health Nutrition, 2(3), 243–252. https://doi.org/10.1017/

S1368980099000336

Afeworki, R., Smits, J., Tolboom, J., & van der Ven, A. (2015). Positive

effect of large birth intervals on early childhood hemoglobin levels in

Africa is limited to girls: Cross-sectional DHS study. PLoS ONE, 10(6),

e0131897. https://doi.org/10.1371/journal.pone.0131897

Alemayehu, M., Meskele, M., Alemayehu, B., & Yakob, B. (2019). Preva-

lence and correlates of anemia among children aged 6-23 months in

Wolaita Zone, Southern Ethiopia. PLoS ONE, 14(3), e0206268. https://

doi.org/10.1371/journal.pone.0206268

Alemayehu, T., Haidar, J., & Habte, D. (2009). Determinants of exclusive

breastfeeding practices in Ethiopia. Ethiopian Journal of Health Devel-

opment, 23(1). https://doi.org/10.4314/ejhd.v23i1.44832

Ambel, A. A., Andrews, C., Bakilana, A. M., Foster, E. M., Khan, Q., &

Wang, H. (2017). Examining changes in maternal and child health

inequalities in Ethiopia. International Journal for Equity in Health, 16(1),

152. https://doi.org/10.1186/s12939-017-0648-1

Balarajan, Y., Ramakrishnan, U., Ozaltin, E., Shankar, A. H., &

Subramanian, S. V. (2011). Anaemia in low-income and middle-income

countries. Lancet (London, England), 378(9809), 2123–2135. https://
doi.org/10.1016/S0140-6736(10)62304-5

Barreiro, P., Tiziano, G., Fano, H., Yohannes, T., Gosa, A., Reyes, F., …
Ramos, J. M. (2017). Malaria and severe anemia over eight years at

Gambo Rural Hospital, southern Ethiopia. Pathogens and Global Health,

111(4), 195–199. https://doi.org/10.1080/20477724.2017.1322262
Baye, K. (2014). Teff: nutrient composition and health benefits (Vol. 67).

International Food Policy Research Institute.

Bilger, M., Kruger, E. J., & Finkelstein, E. A. (2017). Measuring socioeco-

nomic inequality in obesity: Looking beyond the obesity threshold.

Health Economics, 26(8), 1052–1066. https://doi.org/10.1002/hec.

3383

Birhane, T., Shiferaw, S., Hagos, S., & Mohindra, K. S. (2014). Urban food

insecurity in the context of high food prices: A community based cross

sectional study in Addis Ababa, Ethiopia. BMC Public Health, 14(1),

680. https://doi.org/10.1186/1471-2458-14-680

Booth, I. W., & Aukett, M. A. (1997). Iron deficiency anaemia in infancy

and early childhood. Archives of Disease in Childhood, 76(6), 549–554.
https://doi.org/10.1136/adc.76.6.549

Cai, J., Coyte, P. C., & Zhao, H. (2017). Decomposing the causes of

socioeconomic-related health inequality among urban and rural

populations in China: A new decomposition approach. International

Journal for Equity in Health, 16(1), 128. https://doi.org/10.1186/

s12939-017-0624-9

Central Statistical Agency/Ethiopia (CSA) and ICF. (2012). Ethiopia Demo-

graphic and Health Survey 2011. Retrieved from http://dhsprogram.

com/pubs/pdf/FR255/FR255.pdf

Central Statistical Agency/Ethiopia (CSA) and ICF. (2017). Ethiopia Demo-

graphic and Health Survey 2016. Retrieved from http://dhsprogram.

com/pubs/pdf/FR328/FR328.pdf

Central Statistical Agency/Ethiopia (CSA) and ORC Macro. (2006). Ethiopia

Demographic and Health Survey 2005. Retrieved from http://

dhsprogram.com/pubs/pdf/FR179/FR179.pdf

Conde-Agudelo, A., Rosas-Bermudez, A., Castano, F., & Norton, M. H.

(2012). Effects of birth spacing on maternal, perinatal, infant, and child

health: A systematic review of causal mechanisms. Studies in Family

Planning, 43(2), 93–114. https://doi.org/10.1111/j.1728-4465.2012.

00308.x

HEINRICHS ET AL. 11 of 13bs_bs_banner

http://www.dhsprogram.com/
http://www.dhsprogram.com/
https://orcid.org/0000-0002-9727-1979
https://orcid.org/0000-0002-9727-1979
https://orcid.org/0000-0002-5321-1034
https://orcid.org/0000-0002-5321-1034
https://orcid.org/0000-0001-8626-1305
https://orcid.org/0000-0001-8626-1305
https://orcid.org/0000-0001-7411-8325
https://orcid.org/0000-0001-7411-8325
https://orcid.org/0000-0002-6279-8068
https://orcid.org/0000-0002-6279-8068
https://www.ncbi.nlm.nih.gov/pubmed/30050397
https://doi.org/10.1017/S1368980099000336
https://doi.org/10.1017/S1368980099000336
https://doi.org/10.1371/journal.pone.0131897
https://doi.org/10.1371/journal.pone.0206268
https://doi.org/10.1371/journal.pone.0206268
https://doi.org/10.4314/ejhd.v23i1.44832
https://doi.org/10.1186/s12939-017-0648-1
https://doi.org/10.1016/S0140-6736(10)62304-5
https://doi.org/10.1016/S0140-6736(10)62304-5
https://doi.org/10.1080/20477724.2017.1322262
https://doi.org/10.1002/hec.3383
https://doi.org/10.1002/hec.3383
https://doi.org/10.1186/1471-2458-14-680
https://doi.org/10.1136/adc.76.6.549
https://doi.org/10.1186/s12939-017-0624-9
https://doi.org/10.1186/s12939-017-0624-9
http://dhsprogram.com/pubs/pdf/FR255/FR255.pdf
http://dhsprogram.com/pubs/pdf/FR255/FR255.pdf
http://dhsprogram.com/pubs/pdf/FR328/FR328.pdf
http://dhsprogram.com/pubs/pdf/FR328/FR328.pdf
http://dhsprogram.com/pubs/pdf/FR179/FR179.pdf
http://dhsprogram.com/pubs/pdf/FR179/FR179.pdf
https://doi.org/10.1111/j.1728-4465.2012.00308.x
https://doi.org/10.1111/j.1728-4465.2012.00308.x


Croft, T. N., Marshall, A. M. J., & Allen, C. K. (2018). Guide to DHS Statis-

tics DHS-7. Retrieved from https://www.dhsprogram.com/pubs/pdf/

DHSG1/Guide_to_DHS_Statistics_DHS-7.pdf

De la Cruz-Góngora, V., Villalpando, S., Rebollar, R., Shamah-Levy, T., &

Humarán, I. M. (2012). Nutritional causes of anemia in Mexican chil-

dren under 5 years. Results from the 2006 National Health and Nutri-

tion Survey. Salud Pública de México, 54(2), 108–115.
Demeke, M., & Di Marcantonio, F. (2013). Analysis of incentives and disin-

centives for teff in Ethiopia. Retrieved from http://www.fao.org/3/a-

at474e.pdf

Desalegn, A., Mossie, A., & Gedefaw, L. (2014). Nutritional iron deficiency

anemia: Magnitude and its predictors among school age children,

Southwest Ethiopia: A community based cross-sectional study. PLoS

ONE, 9(12), e114059. https://doi.org/10.1371/journal.pone.0114059

Do Cameron, A., & Miller, D. L. (2015). A practitioner's guide to cluster-

robust inference. Journal of Human Resources, 50(2), 317–372. https://
doi.org/10.3368/jhr.50.2.317

Ejigu, B. A., Wencheko, E., & Berhane, K. (2018). Spatial pattern and deter-

minants of anaemia in Ethiopia. PLoS ONE, 13(5), e0197171. https://

doi.org/10.1371/journal.pone.0197171

Engidaye, G., Melku, M., Yalew, A., Getaneh, Z., Asrie, F., & Enawgaw, B.

(2019). Under nutrition, maternal anemia and household food insecu-

rity are risk factors of anemia among preschool aged children in Menz

Gera Midir district, Eastern Amhara, Ethiopia: A community based

cross-sectional study. BMC Public Health, 19(1), 968. https://doi.org/

10.1186/s12889-019-7293-0

FAO, IFASD, IFAD, UNICEF, WFP, WHO. (2018). The state of food security

and nutrition in the world 2018. Rome: Building climate risilience for

food security and nutrition.

Federal Democratic Republic of Ethiopia. (2018). Ethiopia 2017 voluntary

National Review on SDGs. Addis Ababa.

Federal Ministry of Health, E. (2015). Ethiopia national expanded pro-

gramme on immunization.

Federal Ministry of Health Ethiopia. (n.d.). Disease Prevention & Control.

Retrieved July 30, 2019, from http://www.moh.gov.et/ejcc/en/dpc

Gari, T., Loha, E., Deressa, W., Solomon, T., Atsbeha, H., Assegid, M., …
Lindtjørn, B. (2017). Anaemia among children in a drought affected

community in south-central Ethiopia. PLoS ONE, 12(3), e0170898.

https://doi.org/10.1371/journal.pone.0170898

Gebru, M., Remans, R., & Brouwer, I. (2018). Food systems for healthier

diets in Ethiopia: Toward a research agenda. Retrieved from http://

ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/132417

Girum, T., Shumbej, T., & Shewangizaw, M. (2019). Burden of malaria in

Ethiopia, 2000 2016: Findings from the Global Health Estimates 2016.

Tropical Diseases, Travel Medicine and Vaccines, 5(1), 11. https://doi.

org/10.1186/s40794-019-0090-z

Gray, C., & Mueller, V. (2012). Drought and population mobility in rural

Ethiopia. World Development, 40(1), 134–145. https://doi.org/10.

1016/j.worlddev.2011.05.023

Haileselassie, M., Redae, G., Berhe, G., Henry, C. J., Nickerson, M. T.,

Tyler, B., & Mulugeta, A. (2020). Why are animal source foods rarely

consumed by 6 23 months old children in rural communities of North-

ern Ethiopia? A qualitative study. PLoS ONE, 15(1), e0225707. https://

doi.org/10.1371/journal.pone.0225707

Harttgen, K., Klasen, S., & Vollmer, S. (2013). Economic growth and child

undernutrition in sub-Saharan Africa. Population and Development

Review, 39(3), 397–412. https://doi.org/10.1111/j.1728-4457.2013.

00609.x

Kassebaum, N. J. (2016). The global burden of anemia. Hematology/-

Oncology Clinics, 30(2), 247–308. https://doi.org/10.1016/j.hoc.2015.
11.002

Kebede, A., Gerensea, H., Amare, F., Tesfay, Y., & Teklay, G. (2018). The

magnitude of anemia and associated factors among pregnant women

attending public institutions of Shire Town, Shire, Tigray, Northern

Ethiopia, 2018. BMC Research Notes, 11(1), 1–6.

Kennedy, E., Tessema, M., Hailu, T., Zerfu, D., Belay, A., Ayana, G., …
Kassaye, T. (2015). Multisector nutrition program governance and

implementation in Ethiopia: Opportunities and challenges. Food and

Nutrition Bulletin, 36(4), 534–548. https://doi.org/10.1177/

0379572115611768

Kulwa, K. B. M., Verstraeten, R., Bouckaert, K. P., Mamiro, P. S.,

Kolsteren, P. W., & Lachat, C. (2014). Effectiveness of a nutrition edu-

cation package in improving feeding practices, dietary adequacy and

growth of infants and young children in rural Tanzania:

Rationale, design and methods of a cluster randomised trial. BMC Pub-

lic Health, 14, 1077. https://doi.org/10.1186/1471-2458-14-1077

Lanzkowsky, P. (2016). Chapter 6—Iron-deficiency anemia. In

P. Lanzkowsky, J. M. Lipton, & J. D. Fish (Eds.), Lanzkowsky's Manual of

Pediatric Hematology and Oncology (Sixth E. Fish ed.) (pp. 69–83).
Lewis, K. (2017). Understanding climate as a driver of food insecurity in

Ethiopia. Climatic Change, 144(2), 317–328. https://doi.org/10.1007/
s10584-017-2036-7

Li, Q., Liang, F., Liang, W., Shi, W., & Han, Y. (2019). Prevalence of anemia

and its associated risk factors among 6-months-old infants in Beijing.

Frontiers in Pediatrics, 7, 286. https://doi.org/10.3389/fped.2019.

00286

Lozoff, B., Beard, J., Connor, J., Barbara, F., Georgieff, M., & Schallert, T.

(2006). Long-lasting neural and behavioral effects of iron deficiency in

infancy. Nutrition Reviews, 64(5), 34–91. https://doi.org/10.1301/nr.
2006.may.s34-s43

Malako, B. G., Teshome, M. S., & Belachew, T. (2018). Anemia and associ-

ated factors among children aged 6–23 months in Damot Sore District,

Wolaita Zone, South Ethiopia. BMC Hematology, 18(1), 14. https://doi.

org/10.1186/s12878-018-0108-1

Meinzen-Derr, J. K., Guerrero, M. L., Altaye, M., Ortega-Gallegos, H., Ruiz-

Palacios, G. M., & Morrow, A. L. (2006). Risk of infant anemia is associ-

ated with exclusive breast-feeding and maternal anemia in a Mexican

cohort. The Journal of Nutrition, 136(2), 452–458. https://doi.org/10.
1093/jn/136.2.452

Moss, C., Bekele, T. H., Salasibew, M. M., Sturgess, J., Ayana, G., Kuche, D.,

… Dangour, A. D. (2018). Sustainable Undernutrition Reduction in

Ethiopia (SURE) evaluation study: A protocol to evaluate impact,

process and context of a large-scale integrated health and agricul-

ture programme to improve complementary feeding in Ethiopia.

BMJ Open, 8(7), e022028. https://doi.org/10.1136/bmjopen-2018-

022028

Muchie, K. F. (2016). Determinants of severity levels of anemia among

children aged 6–59 months in Ethiopia: Further analysis of the 2011

Ethiopian demographic and health survey. BMC Nutrition, 2(1), 51.

https://doi.org/10.1186/s40795-016-0093-3

Nankinga, O., & Aguta, D. (2019). Determinants of Anemia among women

in Uganda: Further analysis of the Uganda demographic and health

surveys. BMC Public Health, 19(1), 1–9.

Ngure, F. M., Reid, B. M., Humphrey, J. H., Mbuya, M. N., Pelto, G., &

Stoltzfus, R. J. (2014). Water, sanitation, and hygiene (WASH), envi-

ronmental enteropathy, nutrition, and early child development: Making

the links. Annals of the New York Academy of Sciences, 1308, 118–128.
https://doi.org/10.1111/nyas.12330

Nguyen, P. H., Scott, S., Avula, R., Tran, L. M., & Menon, P. (2018). Trends

and drivers of change in the prevalence of anaemia among 1 million

women and children in India, 2006 to 2016. BMJ Global Health, 3

(5), e001010–e001010. https://doi.org/10.1136/bmjgh-2018-

001010

Pasricha, S.-R., Black, J., Muthayya, S., Shet, A., Bhat, V., Nagaraj, S., …
Shet, A. S. (2010). Determinants of anemia among young children in

rural India. Pediatrics, 126(1), e140 LP–e149. https://doi.org/10.1542/
peds.2009-3108

Reithinger, R., Ngondi, J., Graves, P., Hwang, J., Getachew, A., Wayessa, D.,

… Yohannes, G. (2013). Risk factors for anemia in children under

12 of 13 HEINRICHS ET AL.bs_bs_banner

https://www.dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_DHS-7.pdf
https://www.dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_DHS-7.pdf
http://www.fao.org/3/a-at474e.pdf
http://www.fao.org/3/a-at474e.pdf
https://doi.org/10.1371/journal.pone.0114059
https://doi.org/10.3368/jhr.50.2.317
https://doi.org/10.3368/jhr.50.2.317
https://doi.org/10.1371/journal.pone.0197171
https://doi.org/10.1371/journal.pone.0197171
https://doi.org/10.1186/s12889-019-7293-0
https://doi.org/10.1186/s12889-019-7293-0
http://www.moh.gov.et/ejcc/en/dpc
https://doi.org/10.1371/journal.pone.0170898
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/132417
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/132417
https://doi.org/10.1186/s40794-019-0090-z
https://doi.org/10.1186/s40794-019-0090-z
https://doi.org/10.1016/j.worlddev.2011.05.023
https://doi.org/10.1016/j.worlddev.2011.05.023
https://doi.org/10.1371/journal.pone.0225707
https://doi.org/10.1371/journal.pone.0225707
https://doi.org/10.1111/j.1728-4457.2013.00609.x
https://doi.org/10.1111/j.1728-4457.2013.00609.x
https://doi.org/10.1016/j.hoc.2015.11.002
https://doi.org/10.1016/j.hoc.2015.11.002
https://doi.org/10.1177/0379572115611768
https://doi.org/10.1177/0379572115611768
https://doi.org/10.1186/1471-2458-14-1077
https://doi.org/10.1007/s10584-017-2036-7
https://doi.org/10.1007/s10584-017-2036-7
https://doi.org/10.3389/fped.2019.00286
https://doi.org/10.3389/fped.2019.00286
https://doi.org/10.1301/nr.2006.may.s34-s43
https://doi.org/10.1301/nr.2006.may.s34-s43
https://doi.org/10.1186/s12878-018-0108-1
https://doi.org/10.1186/s12878-018-0108-1
https://doi.org/10.1093/jn/136.2.452
https://doi.org/10.1093/jn/136.2.452
https://doi.org/10.1136/bmjopen-2018-022028
https://doi.org/10.1136/bmjopen-2018-022028
https://doi.org/10.1186/s40795-016-0093-3
https://doi.org/10.1111/nyas.12330
https://doi.org/10.1136/bmjgh-2018-001010
https://doi.org/10.1136/bmjgh-2018-001010
https://doi.org/10.1542/peds.2009-3108
https://doi.org/10.1542/peds.2009-3108


6 years of age in Ethiopia: Analysis of the data from the cross-

sectional Malaria IndicatorSurvey, 2007. Transactions of the Royal Soci-

ety of Tropical Medicine and Hygiene, 107(12), 769–776. https://doi.
org/10.1093/trstmh/trt096

Setegn, T., Belachew, T., Gerbaba, M., Deribe, K., Deribew, A., &

Biadgilign, S. (2012). Factors associated with exclusive breastfeeding

practices among mothers in Goba district, south east Ethiopia: A

cross-sectional study. International Breastfeeding Journal, 7(1), 17.

https://doi.org/10.1186/1746-4358-7-17

Sunil, T. S., & Sagna, M. (2015). Decomposition of childhood malnutrition

in Cambodia. Maternal & Child Nutrition, 11(4), 973–986. https://doi.
org/10.1111/mcn.12029

Taffese, H. S., Hemming-Schroeder, E., Koepfli, C., Tesfaye, G., Lee, M. C.,

Kazura, J., … Zhou, G. F. (2018). Malaria epidemiology and interven-

tions in Ethiopia from 2001 to 2016. Infectious Diseases of Poverty, 7

(1), 103. https://doi.org/10.1186/s40249-018-0487-3

Tassew, A. A., Tekle, D. Y., Belachew, A. B., & Adhena, B. M. (2019). Fac-

tors affecting feeding 6–23 months age children according to mini-

mum acceptable diet in Ethiopia: A multilevel analysis of the Ethiopian

Demographic Health Survey. PLoS ONE, 14(2), e0203098. https://doi.

org/10.1371/journal.pone.0203098

Uddin, M. K., Sardar, M. H., Hossain, M. Z., Alam, M. M., Bhuya, M. F.,

Uddin, M. M., & Rahman, M. J. (1970). Prevalence of anaemia in chil-

dren of 6 months to 59 months in Narayanganj, Bangladesh. Journal of

Dhaka Medical College, 19(2), 126–130. https://doi.org/10.3329/jdmc.

v19i2.7084

United States Agency for International Development (USAID). (2013).

Multisectoral Anemia partners meeting. Washingtion, DC.

White, N. J. (2018). Anaemia and malaria. Malaria Journal, 17(1), 371.

https://doi.org/10.1186/s12936-018-2509-9

WHO. (2008). Worldwide prevalence of anaemia 1993–2005: WHO

global database on anaemia. Geneva.

WHO. (2009). Infant and young child feeding. Retrieved from https://

apps.who.int/iris/bitstream/handle/10665/44117/9789241597494_

eng.pdf?sequence=1
WHO. (2014). Global Targets 2025. Retrieved February 7, 2019, from

https://www.who.int/nutrition/global-target-2025/en/

World Health Organization (WHO). (2015). The global prevalence of anae-

mia in 2011. Geneva.

World Health Organization (WHO). (2017). Global Nutrition Monitoring

Framework: Operational Guidance for Tracking Progress in Meeting

Targets for 2025. Retrieved from https://www.who.int/nutrition/

publications/operational-guidance-GNMF-indicators/en/

Woldie, H., Kebede, Y., & Tariku, A. (2015). Factors associated with anemia

among children aged 6-23 months attending growth monitoring at

Tsitsika Health Center, Wag-Himra Zone, Northeast Ethiopia. Journal

of Nutrition and Metabolism, 2015, 928632–928639. https://doi.org/
10.1155/2015/928632

Workicho, A., Belachew, T., Feyissa, G. T., Wondafrash, B., Lachat, C.,

Verstraeten, R., & Kolsteren, P. (2016). Household dietary diversity

and Animal Source Food consumption in Ethiopia: Evidence from the

2011 Welfare Monitoring Survey. BMC Public Health, 16(1), 1192.

https://doi.org/10.1186/s12889-016-3861-8

Workie, N. W., Ramana, G. N. V., & The World Bank. (2013). The health

extension program in Ethiopia. Washington, DC.

Worku, I. H., Dereje, M., Minten, B., & Hirvonen, K. (2017). Diet transfor-

mation in Africa: The case of Ethiopia. Agricultural Economics, 48,

73–86. https://doi.org/10.1111/agec.12387

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Heinrichs H, Endris BS, DejeneT,

Dinant G-J, Spigt M. Anaemia and its determinants among

young children aged 6–23 months in Ethiopia (2005–2016).

Matern Child Nutr. 2020;e13082. https://doi.org/10.1111/

mcn.13082

HEINRICHS ET AL. 13 of 13bs_bs_banner

https://doi.org/10.1093/trstmh/trt096
https://doi.org/10.1093/trstmh/trt096
https://doi.org/10.1186/1746-4358-7-17
https://doi.org/10.1111/mcn.12029
https://doi.org/10.1111/mcn.12029
https://doi.org/10.1186/s40249-018-0487-3
https://doi.org/10.1371/journal.pone.0203098
https://doi.org/10.1371/journal.pone.0203098
https://doi.org/10.3329/jdmc.v19i2.7084
https://doi.org/10.3329/jdmc.v19i2.7084
https://doi.org/10.1186/s12936-018-2509-9
https://apps.who.int/iris/bitstream/handle/10665/44117/9789241597494_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44117/9789241597494_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44117/9789241597494_eng.pdf?sequence=1
https://www.who.int/nutrition/global-target-2025/en/
https://www.who.int/nutrition/publications/operational-guidance-GNMF-indicators/en/
https://www.who.int/nutrition/publications/operational-guidance-GNMF-indicators/en/
https://doi.org/10.1155/2015/928632
https://doi.org/10.1155/2015/928632
https://doi.org/10.1186/s12889-016-3861-8
https://doi.org/10.1111/agec.12387
https://doi.org/10.1111/mcn.13082
https://doi.org/10.1111/mcn.13082

	Anaemia and its determinants among young children aged 6-23 months in Ethiopia (2005-2016)
	  INTRODUCTION
	  METHODS
	  Data sources and collection
	  Anaemia and its determinants
	  Outcome variable
	  Immediate determinants
	  Underlying determinants
	  Basic causes

	  Data analysis
	  Ethical Considerations

	  RESULTS
	  Baseline characteristics
	  Prevalence of anaemia by determinants
	  Factors associated with anaemia
	  Concentration index

	  DISCUSSION
	  Implications
	  Limitations
	  Conclusions

	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	  DATA AVAILABILITY STATEMENT
	  CONTRIBUTIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


