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Abstract

Anaemia has prevailed as a mild to severe public health problem in Ethiopian women

of reproductive age. Many studies carried out on anaemia have been limited to sub-

national assessments and subgroups of women. The effects of potential factors

thought to affect anaemia and severity levels of anaemia have not been well consid-

ered. Therefore, this study identifies individual, household and community level fac-

tors associated with anaemia among women of reproductive age in Ethiopia applying

multilevel ordinal logistic regression models. Proportional odds assumption was

tested by likelihood ratio test. About 35.6% of the variation on anaemia was due to

between household and community level differences. Pregnancy (adjusted odds ratio

[AOR] = 2.30, 95% confidence interval [CI]: 1.82, 2.91), HIV (AOR = 2.40, 95% CI:

1.76, 3.25), giving birth once (AOR = 1.2, 95% CI: 1.05, 1.40), giving birth more than

once (AOR = 1.4, 95% CI: 1.19, 1.71), living with five or more family members

(AOR = 1.24, 95% CI: 1.05, 1.47), living in poorest households (AOR = 1.34, 95% CI:

1.2, 1.61) and rural area (AOR = 1.57, 95% CI: 1.28, 1.92) were associated with

greater odds of more severe anaemia compared with their respective counter parts.

Secondary and above education (AOR = 0.83, 95% CI: 0.70, 0.97) and use of pills,

implants or injectable (AOR = 0.67, 95% CI: 0.59, 0.77) were associated with lower

odds of more severe anaemia. Anaemia prevention and control programmes need to

be strengthened for women living with HIV/AIDS and during pregnancy. Household

poverty reduction and social protection services need to be strengthened and inte-

grated in anaemia prevention and management activities in women.
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1 | INTRODUCTION

Anaemia is a global public health problem affecting about one-third

(32.8%) of all women of reproductive age (WRA), 40% of pregnant

and 32.5% of nonpregnant women in 2016 (The World Bank, 2018). It

is a severe public health problem in many countries of the world.

Defined as a condition characterized by a lower than normal concen-

tration of haemoglobin (Hb) (World Health Organization, 2015), anae-

mia contributes to maternal and perinatal mortality. It doubles the risk

of maternal death and accounts for 20% of all maternal deaths

(Balarajan, Ramakrishnan, Özaltin, Shankar, & Subramanian, 2011;

Black et al., 2008; Daru et al., 2018).

Worldwide, each year, anaemia results in more than 115,000

maternal and 591,000 perinatal deaths (Stoltzfus, Mullany, &

Black, 2004). Perinatal anaemia increases the risk of other poor preg-

nancy outcomes like infection, preterm birth, low birth weight, small

size for gestational age and anaemia during infancy (Kozuki, Lee, &

Katz, 2012; Rukuni et al., 2016). Impairing cognitive (Haas &

Brownlie, 2001) and motor development, it reduces work capacity

and productivity (Vanishri, Kumar, & Kiran Singh, 2017). The aggre-

gated effects of such consequences pose a substantial economic bur-

den to individuals and country (Horton & Ross, 2007; Vanishri

et al., 2017; World Bank, 2009).

Iron deficiency is the most common underlying cause of anaemia

contributing to more than half of all cases anaemia (Hay et al., 2017).

Other micronutrient deficiencies (e.g., folate and vitamin B12), acute

and chronic diseases (e.g. malaria, hook worm) and inherited blood

disorders that affect red blood cells (RBC) production or survival are

other common causes of anaemia (Balarajan et al., 2011; Kassebaum

et al., 2014). Risk factors of anaemia are many, contextual and

complex. These factors operate at different levels of the hierarchy, i.e.

individual (e.g., education, infection, reproductive characters,

behaviour and nutritional factors), household (wealth, family size and

sanitation facility), community (cultural taboos, residence, access to

health service and clean water) and at district, regional and national

levels (Adamu et al., 2017; Haverkate, Smits, Meijerink, & Van Der

Ven, 2014; Kamruzzaman, Rabbani, Saw, Sayem, & Hossain, 2015;

Kandala, 2013; Perumal, 2014; Wilunda, Massawe, & Jackson, 2013).

Both the risk and consequences of anaemia are more prominent

in low- and middle-income countries (Balarajan et al., 2011). Africa

was ranked the second highest in terms of anaemia (38.6%) and

severe anaemia (1.8%; World Health Organization, 2015). It is a

moderate and severe public health problem in all WRA (38.6%) and

pregnant women (54%) of the Sub-Saharan Africa (SSA), respectively

(The World Bank, 2018).

The Ethiopian Federal Ministry of Health (FMoH) has been strug-

gling to prevent anaemia focusing on pregnant women by providing

iron (Fe) and folic acid, nutrition education, providing drugs for

deworming, promoting sanitation and preventing and treating malaria

(Federal Ministry Of Health, 2008). However, in the last 15 years, the

trend of anaemia has remained inconsistent. Although the prevalence

of all form anaemia decreased from 27% in 2005 (Central Statistical

Agency [Ethiopia] and ORC Macro, 2006) to 17% in 2011 (Central

Statistical Agency [Ethiopia] and ICF International, 2012), it increased

to 23.63% in 2016. The prevalence of anaemia was higher among

pregnant, breast feeding, rural women and women who have had six

or more births. It was also more prevalent with decreasing educational

level and household wealth (Central Statistical Agency (CSA) [Ethio-

pia] and ICF, 2016).

Recognizing it as a worldwide public health problem, the WHO

target is set to reduce anaemia in WRA by 50% in 2025 (World Health

Organization, 2014). Maternal nutrition is one of the top priorities of

Health Sector Transformation Plans (HSTP). The prevalence of

anaemia in WRA is among the outcome indicators of HSTP targets

(Federal Ministry of Health, 2015). In settings with limited resource

like Ethiopia, up-to-date and empirical evidence on severity levels of

anaemia and their associated factors is essential to achieve such

targets and give priority to those who are at risk of higher levels of

anaemia (Neha, Moutish, Ramanan, & Purnima, 2015).

Many studies focusing on anaemia in women have been limited

to subnational assessments and subgroups of the women, with most

studies being carried out with pregnant women. Therefore, the results

of these studies are not generalizable to all WRA. Furthermore, the

effects of some potential factors like cooking fuel, khat chewing,

alcohol consumption, lactation, community education and smoking

have been given little attention and are not well understood. Although

factors affecting anaemia are considered to operate in different levels,

existing national studies used single level analysis techniques which

may lead to incorrect estimation of parameters, standard errors and

false conclusion of the association. Also, single level analysis cannot

measure the contribution of the household and community clustering

to the total variation of anaemia (Diez-Roux, 2000). To the investiga-

tors knowledge, the effect of the household level variability on anae-

mia has not been examined in the context of Ethiopia. The effect of

anaemia differs depending on the severity levels (mild, moderate or

severe; Riva et al., 2009). Accounting for the ordered nature of

Key messages

• Anaemia remains a public health concern in women of

Ethiopia.

• Anaemia was found to be influenced by factors evolving

at individual, household and community levels.

• There was a sizable heterogeneity in likelihood of anae-

mia across households and clusters.

• Pregnancy, HIV, giving birth once or more than once,

living with five or more family members, living in poorest

households and rural area were associated with greater

odds of worse anaemia. Secondary and above education

and use of pills, implants or injectable were associated

with lesser odds of worse anaemia.

• The Ethiopia FMoH should strengthen anaemia preven-

tion and control programmes for vulnerable WRA.
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anaemia may reduce bias in parameter estimation, increase precision

and power and consider as an efficient use of information available

(Hedeker, 2015). Multilevel ordinal logistic regression (OLR) examines

the effects of explanatory variables at different levels simultaneously.

It produces more accurate estimates of regression coefficients, stan-

dard errors, confidence intervals and significance tests compared with

single-level logistic regression. Furthermore, it quantifies within and

between groups variation on outcome which might be due to

unobserved factors at different levels (Diez-Roux, 2000).

The aim of this study, therefore, was to identify individual, house-

hold and community level factors of anaemia in WRA simultaneously

using multilevel OLR analysis technique. Additionally, the study aimed

to quantify the amount of unexplained variation in odds of anaemia

which is attributable to community and household clustering.

2 | METHODS AND MATERIALS

2.1 | Data sources

This study used 2016 Ethiopia Demographic and Health Survey

(EDHS) data set collected from the nine regions and two administra-

tive cities of Ethiopia. The 2016 EDHS is the fourth and the most

recent nationally representative survey conducted with the main

objective of providing timely and reliable data on health and demo-

graphic outcomes (Central Statistical Agency [CSA; Ethiopia] and

ICF, 2016). Stratified two-stage sampling technique was used to

select enumeration areas (EAs) and households. An EA is a geo-

graphic area covering on average 181 households (HHs). The 2007

Ethiopia Population and Housing Census (PHC) was used as a sam-

pling frame to select EAs. In the first stage, 645 EAs (202 in urban

and 443 in rural) were selected with probability proportional to EA

size. The EA size is the number of residential households in the EA

as determined in the 2007 PHC. And those EAs with more house-

holds have higher probability of being selected. In the second stage,

18,008 HHs were selected by systematic sampling technique, with

average of 28 HHs per EAs. All WRA in the selected HH were eligi-

ble for anaemia testing (Figure 1; Central Statistical Agency [CSA;

Ethiopia] and ICF, 2016).

After obtaining permission from the Inner City Fund (ICF) Interna-

tional; individual, household and HIV data sets were downloaded from

the DHS website (http://dhsprogram.com).

Details on sampling technique, sample size, data collection tools,

data quality control and ethical concerns are available in 2016 EDHS

report (Central Statistical Agency [CSA; Ethiopia] and ICF, 2016).

2.2 | Analytic samples

All WRA who had data on anaemia status were included in this study.

A total of 14,489 WRA who were tested for anaemia were included in

the analysis.

2.3 | Anaemia

Anaemia is an ordered categorical variable categorized as none, mild,

moderate and severe anaemia based on Hb level. Blood samples were

taken from a finger prick of the voluntarily consented women and col-

lected in a micro cuvette. Hb analysis was carried out on-site using a

battery-operated portable HemoCue analyser (Central Statistical

Agency [CSA; Ethiopia] and ICF, 2016). Hb levels were adjusted for

pregnancy because during pregnancy the increase in maternal blood

volume and the iron needs of the fetus decrease the blood Hb level

(World Health Organization, 1989). It was also adjusted for smoking

and altitude. The World Health Organization (WHO) Hb cut off points

for diagnosis of anaemia are given in Table 1 (World Health

Organization, 2001).

2.4 | Predictors of anaemia

After reviewing recent literature, potential risk factors of anaemia

were extracted from the data set. Due to the hierarchical nature of

the 2016 EDHS data, the extracted variables were classified as

individual, household and community level variables. Individual level

variables were characteristics of the women which were specific to

each woman (Table 2).

F IGURE 1 Sample size and sampling
procedure for factors associated with anaemia
among women of reproductive age in Ethiopia,
2018: Data from 2016 Ethiopia Demographic
and Health Survey (EDHS)
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Household level variables are household level characteristics

which are common for all women living in the same household and

include variables described inTable 3.

Community level variables were characteristics which are com-

mon for all women residing in the same community (cluster) and

include place of residence, region, community (cluster) women educa-

tion, community poverty, community women unemployment and

community mass media exposure. Variables like community women

education, community poverty, community women unemployment

and community mass media exposure were generated by aggregating

individual characteristics within the cluster. The generated variables

were further categorized as low or high based on the national median

values of the generated variables. These variables are measured as

shown inTable 4.

2.5 | Statistical analysis

2.5.1 | Multilevel OLR analysis

Due to hierarchical nature of the 2016 EDHS data where individ-

uals are nested within households and households are in turn

nested within clusters, multilevel (three-level) OLR was used. Ignor-

ing hierarchical nature and use of single-level analysis could result

in biased estimation of parameters and standard errors. Further-

more, the assumption of independent observation in ordinary

logistic regression does not hold true in hierarchical data. Multilevel

analysis handles these limitations by examining simultaneously the

effects of explanatory variables at different levels (Diez-

Roux, 2000).

OLR is a well-suited technique to this study because of the

ordered nature of outcome variable (none, mild, moderate and severe

anaemia; Hedeker, 2015).

Stata software version 14 was used for analysis of the data. A

P-value ≤ 0.25 in bivariate analysis was used to consider candidate

variables for multivariable analysis (Stoltzfus, 2011). In a multivari-

able analysis, a P value < 0.05 was used to identify variables signif-

icantly associated with anaemia. Adjusted odds ratios with 95%

confidence intervals were estimated and interpreted (Raman &

Hedeker, 2005). The proportion of variations in odds of anaemia

between households and communities was expressed using vari-

ance partition coefficients (VPC). The VPC measures the proportion

of outcome (anaemia) variation unexplained by the predictor vari-

ables that lies at each level of the model hierarchy. It measures

the relative importance of clusters, households and individual

(women) as sources of variation on anaemia status (Leckie &

French, 2013).

2.6 | Model specifications

2.6.1 | Multilevel (three-level) OLR model

The mixed-effects OLR (proportional odds) model can be written in

terms of the cumulative logits as below in the box:

Log Pijkc
1−Pijkc

h i
= c − (xijkβ + uij + ui)

Pijkc—is accumulative probability of being at ‘c’ category

of anaemia for kth individual in jth household and ith

cluster.

c—is a model threshold or intercept for C-1 level of

anaemia, and it is a fixed parameter.

It represents the cumulative logits of being at or below

C-1 level of anaemia when the covariates and random

effects equal to zero. It is strictly increasing (i.e., γ1 < γ2 < � �
� < γC − 1).

C = number of categories of anaemia which equals to 4.

β—is a coefficient (fixed effect of explanatory variable).

Xijk—is a covariate vector for kth individual in jth house-

hold and ith cluster.

uij—is level-2 (household) random effect, and it is

assumed to be normally distributed with variance σ2(v2).

ui—is level-3 (cluster) random effect, and it is assumed

to be normally distributed with variance σ2(v3).

(Raman & Hedeker, 2005).

Violation of the proportional odds assumption is common. In such

occasions, a model which relaxes the assumption is nonproportional

or partial-proportional odds model in which covariates are allowed to

have different effects on the C − 1 cumulative logits. It is given as

below in the box:

Log Pijkc
1−Pijkc

h i
= c − (xijkβ + uijkαc + uij + ui)

uijk—is a covariate vector for set of variables for which

proportional odds is not assumed.

αc—is a vector of regression coefficients associated with

these covariates for C-1 levels of outcome.

Because αc carries the c subscript, the effects of these

covariates are allowed to vary across the C − 1 cumulative

logits.

TABLE 1 The WHO Hb cut off points for diagnosis of anaemia

Anaemia

status

Hb cutoffs for pregnant

women (g/dl)

Hb cutoffs for

NP-NL (g/dl)

Non >11 >12

Mild 10.0–10.9 10.0–11.9

Moderate 7.0–9.9 7.0–9.9

Severe <7.0 <7.0

Abbreviations: g/dl, gram/deciliter; Hb, haemoglobin; NP-NL, neither preg-

nant nor lactating; WHO, World Health Organization.
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(Raman & Hedeker, 2005)

2.6.2 | Random effects

Both household and cluster random effects variance was expressed in

terms of VPC.

VPC(3) is a proportion of total variation on anaemia attributable to

cluster random effect.

It is given as in the box:

VPC(3) =
σ2 v3ð Þ

σ2 v3ð Þ+ σ2 v2ð Þ+ π2=3, where π2/3 is individual level vari-

ance which equals to 3.29.

σ2(ν3)—is cluster (level-3) random effect variance.

σ2(ν2)—is household (level-2) random effect variance.

TABLE 2 Individual level variables extracted from EDHS 2016 data set for studying factors associated with anaemia

Variable Description Category

Age The age of the woman in years at the time

of the survey

0. 15–24
1. 25–34
2. 35–49

Women education The highest educational level attained at

the time of survey

0. No formal education

1. Primary

2. Secondary and above

Religion The religion of women during at a time of

survey

0. Protestant

1. Orthodox

2. Muslim

3. Other

Marital status Marital status of women at a time of survey 0. Not living with husband

1. Living with husband

Mass media exposure Listening to the radio or watching TV at

least once a week

0. Yes

1. No

Alcohol consumption Frequency of alcohol consumed within

1 year before survey

0. None

1. Less than once/week

2. At least once/week

3. More than once/week

Khat Khat chewing habit of respondents within

the last month before survey

0. Yes

1. No

Maternity status Women were asked whether they were

pregnant, lactating or neither at a time of

survey

0. Pregnant

1. Lactating

2. Neither pregnant nor lactating

History of abortion Women were asked whether they had

history of abortion

0. Yes

1. No

Contraceptive method Any method women were using at a time of

survey

0. None

1. Pill/injectables/implants

0. IUD

1. Nonhormonal

Number of birth in last 5 years The number of births a women gave in a

past 5 years before survey

0. No

1. One child

2. More than one children

Use of deworming drug Women were asked if they had used a

deworming drug during their recent

pregnancy.

0. Yes

1. No

Iron supplementation Women were asked if they had used iron

supplements during their recent pregnancy

0. Yes

1. No

Nutritional counselling Women were asked whether they were

counselled or not during their recent

pregnancy.

0. Yes

1. No

HIV status HIV status of women at a time of survey 0. Negative

1. Positive

Abbreviation: EDHS, Ethiopia Demographic and Health Survey; IUD, intrauterine device.
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VPC for level-2 and 3 clustering effects (VPC(2 + 3)) is a proportion

of total variation on anaemia attributable to both household and clus-

ter level random effect. It is given as below (Leckie & French, 2013).

VPC(2 + 3) =
σ2 v2ð Þ + σ2 v3ð Þ

σ2 v3ð Þ+ σ2 v2ð Þ+ π2=3 .VPC(2) is a proportion of total

variation on anaemia attributable to household level random

effect.

It is given as: VPC(2) =
σ2 v2ð Þ

σ2 v3ð Þ+ σ2 v2ð Þ + π2=3 :

The explained variances at cluster and household level were

quantified by proportional change in variance (PCV; Merlo, Yang,

Chaix, Lynch, & RÅstam, 2005).

2.6.3 | Proportional odds assumption

The proportional odds assumption states that the effects of all

covariates are constant across categories of outcome variable. After

fitting both proportional and nonproportional odds models, the pro-

portional odds assumption was tested using likelihood ratio test. It

tests the null hypothesis that there is no difference in the effects of

explanatory variables across the levels of anaemia. The P value ≥ 0.05

is desirable to retain null hypothesis (Bauer & Sterba, 2011). The likeli-

hood ratio test supported the nonproportional odds assumption. Fur-

thermore, each variable in the model was tested to identify the

variables for which the proportional odds assumption was violated.

2.6.4 | Model fit statistics

An Akaike information criterion (AIC) was used to select the final

model which fits the data best compared with other fitted models.

The AIC of the all models were compared, and the model with the

lowest AIC was considered as the best model fits the data (Hox,

Moerbeek, & Van De Schoot, 2010; Table 6).

2.6.5 | Significance test of random effects

For a substantial number of clusters and households, the 95% confi-

dence intervals of random intercepts do not overlap zero. This implied

that the random effects of the many households and clusters on anae-

mia were significantly different from zero (above or below zero;

Leckie & French, 2013).

2.6.6 | Model adequacy (normality of random effects
distribution)

The normality assumptions were tested graphically using quantile-

quantile plots (Leckie & French, 2013). The result suggested that clus-

ter and household random effects were approximately normally dis-

tributed, respectively. This implied that the final model is appropriate

for predicting the outcome variable and describing the data at hand

(adequate).

2.7 | Ethical considerations

The permission for access to the data was obtained from ICF Interna-

tional by registering and stating the objective of the study. The data

set has no individual names or house hold addresses. The data were

TABLE 3 Household level variables extracted from Ethiopia
Demographic and Health Survey 2016 data set for studying factors
associated with anaemia

Variable Description Category

Wealth index Scores were given to

households based on the

number and kinds of

consumer goods they

owned.

0. Poorest

1. Poor

2. Middle

3. Rich

4. Richest

Family size The number of household

members with which the

woman was living.

0. ≤2

1. 3 and 4

2. ≥5 persons

Cooking fuel Categorized as: cleaner fuel

(electricity, liquefied

petroleum gas [LPG], natural

gas, biogas and kerosene); or

solid fuel (coal/lignite,

charcoal, wood,

straw/shrubs/grass,

agricultural crop and animal

dung).

0. Cleaner fuel

1. Solid fuel

Toilet facility Categorized as: improved (any

nonshared toilet of the

following types: flush/pour

flush toilets to piped sewer

systems, septic tanks and pit

latrines, ventilated improved

pit [VIP] latrines, pit latrines

with slabs and composting

toilets); or unimproved

(shared toilet, flush/pour

flush not to sewer/septic

tank/pit latrine, pit latrine

without slab/open pit,

hanging toilet/hanging

latrine and other).

0. Improved

1. Unimproved

Drinking water

source

Categorized as improved

sources (piped water, public

taps, stand pipes, tube wells,

boreholes, protected dug

wells and springs and

rainwater); or unimproved

sources (unprotected dug

well and spring, tanker

truck/cart with small tank

and surface water).

0. Improved

sources

1. Unimproved

sources

6 of 15 TIRORE ET AL.bs_bs_banner



TABLE 4 Community level variables extracted from Ethiopia Demographic and Health Survey 2016 data set for studying factors associated
with anaemia

Variable Description Category

Place of residence The place where the women residing at a

time of survey.

0. Urban

1. Rural

Region The region of the women at time of survey. 0. Tigray

1. Afar

2. Amhara

3. Oromia

4. Somali

5. Benishangul Gumuz

6. SNNPR

7. Gambela

8. Harari

9. Addis Ababa

10. Dire Dawa

Community poverty Defined as the proportion of women who

resided in poor or poorest households

within the cluster. The aggregate of

individual households with poorest or

poor wealth index can show overall

poverty of the cluster. It was categorized

as high if clusters had more than or equal

to national median proportion (30%) of

poorest or poor households or low

otherwise.

0. Low

1. High

Community unemployment Defined as the proportion of women who

were not currently working within the

cluster. The aggregate of individual

women without work can show overall

unemployment condition of the cluster. It

was categorized as high if cluster has

more than or equal to national median

proportion (50%) of women without work

or low otherwise.

0. Low

1. High

Community mass media exposure Defined as the proportion of women who

had mass media exposure within the

cluster. The aggregate of individual

women with mass media exposure can

show overall mass media exposure of the

cluster. It was categorized as high if

cluster has more than or equal to national

median proportion (13.8%) of women

with mass media exposure or low

otherwise.

0. High

1. Low

Community women education Defined as the proportion of women who

attended primary/secondary/higher

education within the cluster. The

aggregate of individual woman's

primary/secondary/higher educational

level can show overall educational

attainment of the women in the cluster. It

was categorized as high if clusters with

more than or equal to national median

proportion (7.7%) of

primary/secondary/higher education or

low otherwise.

0. High

1. Low
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used for the registered research topic only and were not shared to

another person.

3 | RESULTS

Table 5 shows individual, household and community level characteris-

tics of the study population. The mean ± standard deviation (SD) age

of the respondents was 28 ± 9 years. More than half (62.20%) and

1,055 (7.30%) of the women were neither pregnant nor lactating and

pregnant, respectively. More than a quarter (25.70%) of the respon-

dents was current contraceptive users. The prevalence of HIV/AIDS

was 1.21% (175). A total of 3,425 (23.63%) women were anaemic.

The prevalence of mild, moderate and severe anaemia was 17.8%

(2,584), 5% (730) and 0.8% (111), respectively. The median Hb con-

centration was 12.90 g/dl (interquartile range [IQR]: 11.7–13.90;

Table 5).

3.1 | Multivariable multilevel OLR result

3.1.1 | Random effects

Five random intercept models were fitted (Models 1, 2, 3, 4 and 5).

Model 1 (null model)

It is the intercept only model without independent variable. It pro-

vided the variance components of random effects which helped to

determine variation between households and clusters to favour multi-

level analysis over a standard ordered logistic regression.

This model showed that more than one-third

(VPC(2 + 3) = 35.64%) of the total variation in anaemia was due to

unobserved household and community level factors. About a quarter

(VPC(3) = 24.09%) and 11.56% (VPC(2)) of the variation was attribut-

able to community and household level unobserved factors, respec-

tively. This quantity of VPC(2 + 3) was a suggestive of using multilevel

model rather than single-level model. Furthermore, the intrahousehold

clustering (VPC = 11.6%) was a suggestive of using three-level model

rather than two-level which ignores the household level variability

(controlling for intrahousehold and intracluster variability). Models

2, 3 and 4 are models adjusted for individual, household and commu-

nity level variables, respectively (Table 6).

Model 5: Adjusted for individual, household and community level

factors together

This model showed that 18% (VPC(2 + 3)), 9% (VPC(3)) and 9% (VPC(2))

of the unexplained variation in anaemia could be attributable to

unobserved community and household level factors together, commu-

nity level factors alone and household level factors alone, respectively.

The PCV3 showed that 70.73% of the cluster level variation was

explained by the variables in the model. This suggested that, after

controlling for the variables in the model, there are still significant fac-

tors of anaemia at household and community levels which are not

accounted for. Model 5 was found to be the best fit model for the

data (Table 6).

3.1.2 | Factors associated with anaemia

Table 7 (Model 5) presents factors associated with anaemia among

women. Except for the variable pregnancy, the same odds ratios

were used and interpreted comparing higher versus lower level of

anaemia (severe versus moderate and below, moderate and severe

versus mild and none, mild and above versus none anaemia). This is

because the proportional odds assumption was violated for only

pregnancy.

HIV positive women were 2.4 times more likely to be at higher

levels of anaemia as compared with HIV negative women. Pregnant

women had 1.2 times higher odds of mild and above anaemia than

neither pregnant nor lactating women (NP-NL) when mild and above

anaemia are compared with no anaemia. When moderate and above

levels of anaemia are compared with mild and no anaemia levels, preg-

nant women had 2.3 times higher odds of moderate and above anae-

mia than NP-NL women. Pregnant women had 1.87 times higher odds

of severe anaemia than NP-NL women when severe anaemia is com-

pared with moderate and lower anaemia.

Current users of contraceptive pills, implants or injectable were

33% less likely to be at higher levels of anaemia as compared with

nonusers of contraceptive. Women who gave birth to one and more

than one child were 1.2 and 1.4 times more likely to be at higher

levels of anaemia as compared with women with no birth, respec-

tively. Women with secondary and above education were 17% less

likely to be at higher levels of anaemia as compared with noneducated

women. Relative to those not living with husbands, women living with

husbands had 20% higher odds of having worse anaemia. Women in

households with poorest, poorer and middle wealth index had 1.34

times greater odds of being at higher levels of anaemia as compared

with the women of richest households, respectively. Women living

with five or more family members had 1.24 times greater odds of

being at higher levels of anaemia as compared with the women living

with two or less family members.

The odds of having higher levels of anaemia were 1.57 times

greater for rural women as compared with the urban women. The

chances of having worse anaemia were 2.09, 4, 1.44 and 1.93 times

greater for women living in Afar, Somali and Harari regions and Dire

Dawa city, respectively, as compared with women living in Tigray

region. Women living in Benishangul Gumuz region had 35% lesser

odds of worse anaemia as compared with the women living in Tigray

region (Table 7).

4 | DISCUSSION

The main aim of this study was identifying multilevel (individual,

household and community level) factors associated with anaemia

among women in Ethiopia. Accordingly, the study found that anaemia
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TABLE 5 Characteristics of the women of reproductive age in
Ethiopia, 2018: Data from 2016 Ethiopia Demographic and Health
Survey (n = 14,489)

Variables Frequency (n) Percentage (%)

Individual level characters

Age

15–24 5,628 38.84

25–34 4,935 34.06

35–49 3,926 27.10

Women education

No 7,005 48.35

Primary 5,092 35.14

Secondary and above 2,392 16.51

Marital status

Living with husband 9,516 65.67

Not living with husband 4,973 34.33

Religion

Protestant 3,411 23.55

Orthodox 6,259 43.20

Muslim 4,510 31.12

Other 309 2.12

Mass media exposure

No 10,921 75.37

Yes 3,568 24.63

Alcohol consumption

None 9,504 65.60

< once/week 3,045 21.01

At least once/week 1,635 11.28

> once/week 305 2.10

Chewing khat

No 12,931 89.25

Yes 1,558 10.75

Smoking

No 14,375 99.21

Yes 114 0.78

Maternity status

NP-NL 9,012 62.20

Pregnant 1,055 7.29

Lactating 4,422 30.52

Contraceptive use

None 10,765 74.30

Pill/injectable/implants 3,368 23.24

IUD 214 1.48

Nonhormonal 142 0.98

Births in last 5 years

No 7,374 50.89

One child 4,344 29.99

>one child 2,771 19.11

History of abortion

(Continues)

TABLE 5 (Continued)

Variables Frequency (n) Percentage (%)

No 1,447 96.98

Yes 442 3.05

Use of deworming drug

No 13,984 96.51

Yes 505 3.49

Iron supplementation

No 11,602 80.07

Yes 2,887 19.93

Nutritional counselling

No 11,515 79.47

Yes 2,974 20.53

HIV status (n = 14,465)

Negative 14,290 98.79

Positive 175 1.21

Household level characteristics

Wealth index `

Poorest 2,603 17.97

Poorer 2,737 18.89

Middle 3,016 20.82

Rich 3,049 21.04

Richest 3,084 21.28

Family size

≤2 1,207 8.33

3 and 4 3,992 27.55

≥5 9,290 64.12

Cooking fuel

Solid 13,564 93.62

Clean 925 6.38

Toilet facility

Improved 2,469 17.04

Unimproved 12,020 82.96

Community level characteristics

Water source

Unimproved 4,861 33.55

Improved 9,628 66.45

Place of residence

Rural 11,412 78.77

Urban 3,077 21.23

Community women education

Low 7,357 50.78

High 7,132 49.22

Community mass media exposure

Low 7,213 49.79

High 7,276 50.21

Community poverty

High 7,351 50.74

(Continues)
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was influenced by factors evolving not only at individual level but also

at household and community (cluster) levels factors too. There was a

sizable heterogeneity in a likelihood of anaemia across households

and clusters. This heterogeneity implied that the entire variation in

anaemia might not be fully explained by individual level factors alone.

HIV positive women had greater odds of being at higher levels of

anaemia than HIV negative women. Similar association was observed

in studies from Malawi (Adamu et al., 2017) and Ethiopia (Ejigu,

Wencheko, & Berhane, 2018; Melku, Addis, Alem, & Enawgaw, 2014).

This could be due to blood loss, decreased and ineffective RBC pro-

duction and increased RBC destruction associated with comorbidities,

medications and micronutrient deficiencies in HIV positive women

(Volberding et al., 2004). This is in contrast to another study in Ethio-

pia (Bekele, Tilahun, & Mekuria, 2016) where HIV status was not asso-

ciated with anaemia. This might be due to the possibility that HIV

positive women in the later study might be in the early stage of the

disease or properly screened and treated for anaemia, and they might

had high adherence to antiretroviral drugs and other interventions.

Pregnant women had higher odds of anaemia than pregnant or

lactating women. Furthermore, its effect was stronger for moderate

and severe anaemia than for mild and above anaemia. Findings from

Tanzania (Wilunda et al., 2013), Malawi (Adamu et al., 2017) and

Ethiopia (Ejigu et al., 2018) also supported the observed association.

The likely explanations to this association could be the increased risk

of infections and obstetric complications during pregnancy that leads

to blood loss and under nutrition (Balarajan et al., 2011; Ebuy, Ale-

mayehu, Mitiku, & Goba, 2017). Use of pills, implants or injectable

was negatively associated with anaemia. This is consistent to the find-

ings from Tanzania (Wilunda et al., 2013), Bangladesh (Kamruzzaman

et al., 2015) and Ethiopia (Asres, Yemane, & Gedefaw, 2014; Lakew,

Biadgilign, & Haile, 2015). The noncontraceptive benefits of the hor-

monal contraceptives like iron content of the pills, prevention of the

heavy menstrual bleeding and regulating menses could explain the

low prevalence of anaemia among contraceptive users (Brant, Ye,

Teng, & Lotke, 2017).

Women with one or more births in the last 5 years before survey

had greater odds of being at higher levels of anaemia than women

with no births in the last 5 years. This finding is in agreement with the

results from studies in India (Perumal, 2014) and Ethiopia (Bekele

et al., 2016). This could be due to the possibility that narrow birth

interval hinders the restoration of iron and other micronutrient stores

between pregnancies. Also, women with birth history could have

history of obstetric complications such as postpartum haemorrhage

and infections which directly expose them to anaemia (Balarajan

et al., 2011; Ebuy et al., 2017; Federal Ministry of Health

[FMOH], 2008).

Women with secondary and above education were less likely to

be at higher levels of anaemia as compared with noneducated women.

This is in agreement to the findings from studies in China

(Ma et al., 2017), Bangladesh (Kamruzzaman et al., 2015) and Ethiopia

(Ejigu et al., 2018). There is evidence that women with secondary and

higher education have higher health seeking behaviour and service

utilization than noneducated women so that they get preventive and

curative services for conditions that contribute for anaemia (Bobo,

Yesuf, & Woldie, 2017; Wonde & Tadele, 2015). However, this finding

is in conflict with another study in Ethiopia where education was not

associated with anaemia (Kefiyalew, Zemene, Asres, &

Gedefaw, 2014). This might be due to the reason that the latter study

has controlled for factors which might be more proximal factors of

anaemia than education.

TABLE 5 (Continued)

Variables Frequency (n) Percentage (%)

Low 7,138 49.26

Community unemployment

High 7,343 50.68

Low 7,146 49.32

Abbreviations: IUD, intrauterine device; NP-NL, neither pregnant nor lac-

tating; other, Catholic, traditional or other religion.

TABLE 6 Random intercept variances and model fit statistics of three-level mixed effect models

Random effects Model 1 Model 2 Model 3 Model 4 Model 5

σ2(ν3) 1.23 0.68 0.90 0.42 0.36

σ2(ν2) 0.59 0.60 0.57 0.63 0.36

VPC(2 + 3) (%) 35.64 28.15 30.90 24.29 18.00

VPC(3) (%) 24.09 14.97 18.81 9.70 9.00

VPC(2) (%) 11.56 13.12 11.90 14.50 9.00

PCV3 (%) 44.71 26.82 68.85 70.73

Model fit statistics

AIC 21171.12 20675.28 21054.41 20766.5 20412.04

Note: σ2(ν3) and σ2(ν2) are community and household random intercept variances, respectively. VPC(3), variance partition coefficient for cluster, VPC(2 + 3),

variance partition coefficient for household and cluster, VPC(2), variance partition coefficient for household. PCV3, proportional change in cluster level vari-

ance; Model 1, model with no independent variable; Model 2, model adjusted for individual level variables; Model 3, model adjusted for household level

variables; Model 4, model adjusted for community level variables; Model 5, model adjusted for individual, household and community level variables

simultaneously.

Abbreviation: AIC, Akaike information criteria.
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TABLE 7 Factors associated with anaemia among women of reproductive age in Ethiopia, 2018: Data from 2016 EDHS (n = 14,489)

Variables Model 2 AOR [95% CI] Model 3 AOR [95% CI] Model 4 AOR [95% CI] Model 5 AOR [95% CI]

HIV status

Negative 1 1

Positive 2.5 [1.85, 3.40]*** 2.40 [1.76, 3.25]***

Maternity status

NP-NL 1 1

Pregnant 1.40 [1.20, 1.70]*** 2.30 [1.82, 2.91]***

Lactating 1.0 [0.87, 1.15] 1.10 [0.96, 1.25]

Contraceptive use

None 1 1

Pill/injectables/implants 0.5 3 [0.5, 0.70]*** 0.67 [0.59, 0.77]***

IUD 1.20 [0.83, 1.80] 1.43 [0.98, 2.11]

Nonhormonal 1.10 [0.73, 1.5] 1.22 [0.81, 1.82]

Births in 5 years

No 1 1

One child 1.37 [1.18, 0.60]*** 1.20 [1.05, 1.40]**

>one child 1.75 [1.48, 2.10]*** 1.40 [1.19, 1.71]***

Women education

None 1 1

Primary 0.78 [0.60, 0.80]*** 0.88 [0.79, 1.00]

Secondary and above 0.60 [0.59, 0.80]*** 0.83 [0.71, 0.97]*

Marital status

Living with husband 1.22 [1.05, 1.50]* 1.20 [1.04, 1.35]*

Not living with husband 1 1

Religion

Protestant 1 1

Orthodox 0.73 [0.6, 0.9]*** 0.73 [0.60, 0.88]**

Muslim 1.6 [1.3, 1.97]*** 0.97 [0.81, 1.18]

Other 1.12 [0.76, 1.64] 1.07 [0.74, 1.43]

Wealth index

Poorest 2.11 [1.75, 2.54]*** 1.34 [1.2, 1.61]**

Poorer 1.57 [1.31, 1.87]*** 1.29 [1.11, 1.56]**

Middle 1.38 [1.16, 1.64]*** 1.25 [1.08, 1.49]**

Richer 1.14 [0.97, 1.34] 1.13 [0.90, 1.33]

Richest 1 1

Family size

≤2 1 1

3 and 4 1.2 [1.01, 1.43]* 1.12 [0.94, 1.32]

≥5 1.4 [1.2, 1.6]*** 1.24 [1.05, 1.47]*

Place of residence

Rural 2 [1.6, 2.57]*** 1.57 [1.28, 1.92]***

Urban 1 1

Region

Tigray 1 1

Afar 3.39 [2.4, 4.8]*** 2.09 [1.49, 2.9]***

Amhara 0.75 [0.6, 1.02] 0.74 [0.6, 1.0]

Oromia 1.51 [1.1, 2.05]** 1.07 [0.8, 1.44]

(Continues)
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Wealth index of the household was positively associated with

anaemia in women. This is supported by the findings in China

(Siddiqui et al., 2017) and Bangladesh (Kamruzzaman et al., 2015).

Inability to afford micronutrient-rich food which is expensive in Ethio-

pia and lack of priority to women in poor households could make

them more vulnerable to anaemia than women of richest households.

There is also evidence that poor households are poor in seeking and

timing health care so that they might not be treated for diseases that

may result in anaemia (Bobo et al., 2017; FMOH, 2008; Mebratie

et al., 2014). This finding disagrees with the finding in another study

done in Ethiopia (Ejigu et al., 2018) where wealth index was not asso-

ciated with anaemia. This might be due to the increase in the prices of

foods and health services over time that widens the difference

between richest and poorest in terms of affording foods and health

services in Ethiopia.

Women who were living with five or more family members had

greater odds of higher levels of anaemia as compared with those living

with two or less family members. This is in agreement with findings in

Ethiopia (Bekele et al., 2016). This could be due to the possibility that

large family size might results in household food insecurity which

compromises women's access to balanced diet. In addition, tradition-

ally women might be expected to serve their family first and eat the

leftover if any at the end.

Rural women had greater odds of higher levels of anaemia as

compared with urban women. The same evidence was reported in

studies from Ethiopia (Ebuy et al., 2017; Ejigu et al., 2018; Kefiyalew

et al., 2014). Due to poor health seeking behaviour and service utiliza-

tion associated with inadequate infrastructure, rural women might not

get care for maternal services and disease which may contribute to

anaemia (Begashaw, Tessema, & Gesesew, 2016; Bobo et al., 2017).

This finding disagrees with a study conducted in Malawi (Adamu

et al., 2017) in which place of residence was not related to anaemia.

The difference in health service utilization and food access and socio-

cultural differences between the countries might explain the disagree-

ment between studies. Unlike Ethiopia, national estimates of the

maternal health service utilization were higher, and there was little

difference between urban and rural women in terms of maternal

health service utilization in Malawi (Malawi, 2015).

Women who were living in Somali, Afar and Harari regions and

Dire Dawa city had greater odds of higher levels of anaemia as com-

pared with women living in Tigray region. This finding is in line to the

findings from other studies in China (Ma et al., 2017), Tanzania

(Wilunda et al., 2013) and Ethiopia (Alemu & Umeta, 2015). Differ-

ences in dietary preferences and disease burden, inequalities in access

to health care across the regions and difference in societal beliefs, cul-

tural practices towards the care for women and climatic conditions

might have contributed to the observed difference in odds of anae-

mia. Restrictive dietary behaviour was positively associated with

anaemia in Somali region where women are expected to reduce the

size and frequency of meal during pregnancy (Kedir, Berhane, &

Worku, 2013). Also, a study in Afar region revealed that eating large

amount of any food, meat and solid food are tabooed for pregnant

women which may result them to malnutrition (Hadush, Birhanu,

Chaka, & Gebreyesus, 2017). The lowest utilization of maternal health

services in Afar and Somali (Bobo et al., 2017) and recurrent drought-

triggered food insecurity might have contributed for the higher preva-

lence of anaemia in these regions (FMOH, 2008).

Despite the existing prevention strategies, anaemia remains a

moderate public health problem in WRA. This is a suggestive of signif-

icant contribution of other causative factors than those addressed by

current strategies (haemoglobinopathies and vitamin B deficiencies)

and allocating more attention and resources to determine aetiology of

anaemia. Determining aetiologic indicators of anaemia like iron status

(ferritin), inflammatory markers and C-reactive protein (CRP), malaria

status, genetic blood disorders and haemoglobinopathies in

population-based survey would be important to implement context-

specific interventions.

Being a moderate public health problem also suggests the

coverage and consistency issue of the current intervention methods

need to be considered. Monitoring and evaluation of programmes is

TABLE 7 (Continued)

Variables Model 2 AOR [95% CI] Model 3 AOR [95% CI] Model 4 AOR [95% CI] Model 5 AOR [95% CI]

Somali 8.15 [5.8, 11.4]*** 4 [2.9, 5.47]***

Benishangul Gumuz 0.84 [0.60, 1.27] 0.65 [0.47, 0.91]*

SNNPR 0.99 [0.72, 1.35] 0.77 [0.55, 1.04]

Gambela 1.67 [1.2, 2.34]** 1.15 [0.81, 1.61]

Harari 2.27 [1.56, 3.3]*** 1.44 [1.01, 2.09]*

Addis Ababa 1.57 [1.09, 2.3]* 1.3 [0.92, 1.84]

Dire Dawa 2.81 [1.9, 4.07]*** 1.93 [1.34, 2.74]***

Note: 1, reference category; other, Catholic and traditional religions; Model 5, partial proportional odds model; Models 2, 3 and 4 are proportional odds

models.

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; EDHS, Ethiopia Demographic and Health Survey; IUD, intrauterine device; NP-NL, neither

pregnant nor lactating.
*P value < 0.05.
**P value < 0.01.
***P value < 0.001.
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inadequate in many countries. Anaemia prevention programmes have

challenges which include poor attendance at antenatal clinics or insuf-

ficient emphasis on behavioural aspects of taking supplements on a

regular basis and consuming diverse diets which have limited their

effectiveness (World Health Organization, 2016). Revision of existing

programmes would be important to provide evidence on challenges

and methods of improving their effectiveness.

4.1 | Limitation of the study

Cross-sectional nature of the study which cannot show the temporal

relationship between risk factors and anaemia. Use of secondary data

and inability to include variables like hookworm infection, malaria,

schistosomiasis, menorrhagia, chronic diseases, dietary intake, cultural

taboos and body mass index might made difficult to identify the inde-

pendent effects of the considered variables. Recall bias might be

introduced during measuring some events in the past.

5 | CONCLUSIONS

Anaemia was found to be influenced by factors evolving at individual,

household and community levels. At individual level, HIV infection,

pregnancy, increased number of births and living with husband were

positively associated with anaemia. However, secondary and above

education and use of contraceptive pills, implants or injectable were

negatively associated with anaemia. At household level, living in

households with large family members and with poorest, poorer and

middle wealth index was positively associated with anaemia. Living in

rural areas, in Afar, Somali and Harari regions and Dire Dawa city was

positively associated with anaemia. There was a sizable heterogeneity

in likelihood of anaemia across households and clusters which is unac-

counted for by the predictor variables.

Daily iron supplementation during pregnancy is recommended as

part of the standard care by WHO (World Health Organization, 2012).

A daily iron supplementation to women during pregnancy was found

to reduce anaemia at term by 70% (Bhutta et al., 2013; Peña-Rosas,

De-Regil, Garcia-Casal, & Dowswell, 2015). Countries like Indonesia

and Sweden have effectively controlled anaemia in pregnant women

(Suharno, Karyadi, West, & Hautvast, 1993; World Health

Organization, 2001). The Ethiopia FMoH should strengthen anaemia

prevention and control programmes for WRA living with HIV/AIDS

and during pregnancy. To tackle the anaemia among poor, household

poverty reduction and social protection services should be strength-

ened and integrated in anaemia prevention and controlling

programmes in women. Information on dietary intake of women and

indicators of infections need to be incorporated during DHS, and fur-

ther study is needed to determine additional factors.

ACKNOWLEDGMENTS

The authors would like to thank Mekelle University for funding this

study and ICF International for allowing accessing the data set.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

CONTRIBUTIONS

LLT conceived and designed the research and wrote the first draft of

the paper. AM, AB and DE reviewed the paper. LLT, AS, MG and RA

analysed and interpreted the result. All authors read and edited the

first draft of the paper.

ORCID

Lire LemmaTirore https://orcid.org/0000-0001-9996-8203

Abate Bekele Belachew https://orcid.org/0000-0003-2583-9913

REFERENCES

Adamu, A. L., Crampin, A., Kayuni, N., Amberbir, A., Koole, O., Phiri, A., …
Fine, P. (2017). Prevalence and risk factors for anemia severity and

type in Malawian men and women: urban and rural differences. Popu-

lation Health Metrics, 15, 12. https://doi.org/10.1186/s12963-017-

0128-2

Alemu, T., & Umeta, M. (2015). Reproductive and obstetric factors are key

predictors of maternal anemia during pregnancy in Ethiopia: Evidence

from demographic and health survey (2011). Anemia, 2015, 1–8.
https://doi.org/10.1155/2015/649815

Asres, Y., Yemane, T., & Gedefaw, L. (2014). Determinant factors of ane-

mia among nonpregnant women of childbearing age in southwest Ethi-

opia: A community based study. International Scholarly Research

Notices, 2014, 391580.

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

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

countries. The Lancet, 378, 2123–2135. https://doi.org/10.1016/

S0140-6736(10)62304-5

Bauer, D. J., & Sterba, S. K. (2011). Fitting multilevel models with ordinal

outcomes: Performance of alternative specifications and methods of

estimation. Psychological Methods, 16, 373–390. https://doi.org/10.

1037/a0025813

Begashaw, B., Tessema, F., & Gesesew, H. A. (2016). Health care seeking

behavior in Southwest Ethiopia. PLoS ONE, 11, e0161014. https://doi.

org/10.1371/journal.pone.0161014

Bekele, A., Tilahun, M., & Mekuria, A. (2016). Prevalence of anemia and its

associated factors among pregnant women attending antenatal care in

health institutions of Arba Minch town, Gamo Gofa Zone, Ethiopia: A

cross-sectional study. Anemia, 2016, 1–9. https://doi.org/10.1155/

2016/1073192

Bhutta, Z. A., Das, J. K., Rizvi, A., Gaffey, M. F., Walker, N., Horton, S., …
Maternal and Child Nutrition Study Group. (2013). Evidence-based

interventions for improvement of maternal and child nutrition: What

can be done and at what cost? The Lancet, 382, 452–477.
Black, R. E., Allen, L. H., Bhutta, Z. A., Caulfield, L. E., De Onis, M.,

Ezzati, M., … MATERNAL & GROUP, C. U. S. (2008). Maternal and

child undernutrition: Global and regional exposures and health conse-

quences. The Lancet, 371, 243–260.
Bobo, F. T., Yesuf, E. A., & Woldie, M. (2017). Inequities in utilization of

reproductive and maternal health services in Ethiopia. International

Journal for Equity in Health, 16, 105. https://doi.org/10.1186/s12939-

017-0602-2

Brant, A. R., Ye, P. P., Teng, S. J., & Lotke, P. S. (2017). Non-contraceptive

benefits of hormonal contraception: Established benefits and new

findings. Current Obstetrics and Gynecology Reports, 6, 109–117.
https://doi.org/10.1007/s13669-017-0205-3

Central Statistical Agency [CSA; Ethiopia] and ICF. (2016). Ethiopia demo-

graphic and health survey 2016. Addis Ababa, Ethiopia, and Rockville,

Maryland, USA: CSA and ICF.ETHIOPIA.

TIRORE ET AL. 13 of 15bs_bs_banner

https://orcid.org/0000-0001-9996-8203
https://orcid.org/0000-0001-9996-8203
https://orcid.org/0000-0003-2583-9913
https://orcid.org/0000-0003-2583-9913
https://doi.org/10.1186/s12963-017-0128-2
https://doi.org/10.1186/s12963-017-0128-2
https://doi.org/10.1155/2015/649815
https://doi.org/10.1016/S0140-6736(10)62304-5
https://doi.org/10.1016/S0140-6736(10)62304-5
https://doi.org/10.1037/a0025813
https://doi.org/10.1037/a0025813
https://doi.org/10.1371/journal.pone.0161014
https://doi.org/10.1371/journal.pone.0161014
https://doi.org/10.1155/2016/1073192
https://doi.org/10.1155/2016/1073192
https://doi.org/10.1186/s12939-017-0602-2
https://doi.org/10.1186/s12939-017-0602-2
https://doi.org/10.1007/s13669-017-0205-3


Central Statistical Agency [ETHIOPIA] and ICF International. (2012). Ethio-

pia demographic and health survey 2011. Addis Ababa, Ethiopia and

Calverton, Maryland. USA: Central Statistics Agency and ICF

International.

Central Statistical Agency [ETHIOPIA] and ORC Macro. (2006). Ethiopia

demographic and health survey 2005. Addis Ababa, Ethiopia and Cal-

verton, Maryland, USA: Central Statistical Agency and ORC Macro.

Daru, J., Zamora, J., Fernández-Félix, B. M., Vogel, J., Oladapo, O. T.,

Morisaki, N., … Jayaratne, K. (2018). Risk of maternal mortality in

women with severe anaemia during pregnancy and post partum: A

multilevel analysis. The Lancet Global Health, 6, e548–e554. https://
doi.org/10.1016/S2214-109X(18)30078-0

Diez-Roux, A. V. (2000). Multilevel analysis in public health research.

Annual Review of Public Health, 21, 171–192. https://doi.org/10.1146/
annurev.publhealth.21.1.171

Ebuy, Y., Alemayehu, M., Mitiku, M., & Goba, G. K. (2017). Determinants

of severe anemia among laboring mothers in Mekelle city public hospi-

tals, Tigray region, Ethiopia. PLoS ONE, 12, e0186724. https://doi.org/

10.1371/journal.pone.0186724

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

minants of anaemia in Ethiopia. PLoS ONE, 13, e0197171. https://doi.

org/10.1371/journal.pone.0197171

Federal Ministry of Health, E. (2015). Health Sector Transformation Plan.

HSTP 2015/16–2019/20. August.
Federal Ministry of Health (FMOH). (January 2008). National nutrition

strategy.

Haas, J. D., & Brownlie, T. IV (2001). Iron deficiency and reduced work

capacity: A critical review of the research to determine a causal rela-

tionship. The Journal of Nutrition, 131, 676S–690S.
Hadush, Z., Birhanu, Z., Chaka, M., & Gebreyesus, H. (2017). Foods tab-

ooed for pregnant women in Abala district of Afar region, Ethiopia: An

inductive qualitative study. BMC Nutrition, 3, 40. https://doi.org/10.

1186/s40795-017-0159-x

Haverkate, M., Smits, J., Meijerink, H., & Van Der Ven, A. (2014). Socioeco-

nomic determinants of haemoglobin levels of African women are less

important in areas with more health facilities: A multilevel analysis.

Journal of Epidemiology and Community Health, 68, 116–122. https://
doi.org/10.1136/jech-2012-202336

Hay, S. I., Jayaraman, S. P., Truelsen, T., Sorensen, R. J., Millear, A.,

Giussani, G., & Beghi, E. (2017). GBD 2015 disease and injury inci-

dence and prevalence collaborators. Global, regional, and national inci-

dence, prevalence, and years lived with disability for 310 diseases and

injuries, 1990-2015: A systematic analysis for the global burden of dis-

ease study 2015 (vol 388, pg 1545, 2016). Lancet, 389, E1–E1.
Hedeker, D. (2015). Methods for multilevel ordinal data in prevention

research. Prevention Science, 16, 997–1006. https://doi.org/10.1007/
s11121-014-0495-x

Horton, S., & Ross, J. (2007). Corrigendum to: "The economics of iron defi-

ciency" [Food Policy 28 (2003) 51-75]. Food Policy, 32, 141–143.
https://doi.org/10.1016/j.foodpol.2006.08.002

Hox, J. J., Moerbeek, M., & Van De Schoot, R. (2010). Multilevel analysis:

Techniques and applications. New York: Routledge.

Kamruzzaman, M., Rabbani, M. G., Saw, A., Sayem, M. A., & Hossain, M. G.

(2015). Differentials in the prevalence of anemia among non-pregnant,

ever-married women in Bangladesh: Multilevel logistic regression anal-

ysis of data from the 2011 Bangladesh demographic and health sur-

vey. BMC Women's Health, 15, 54. https://doi.org/10.1186/s12905-

015-0211-4

Kandala, N. (2013). Socio-demographic determinants of anaemia and nutri-

tional status in the Democratic Republic of Congo, Uganda and

Malawi. University of Southampton.

Kassebaum, N. J., Jasrasaria, R., Naghavi, M., Wulf, S. K., Johns, N.,

Lozano, R., … Eisele, T. P. (2014). A systematic analysis of global ane-

mia burden from 1990 to 2010. Blood, 123, 615–624. https://doi.org/
10.1182/blood-2013-06-508325

Kedir, H., Berhane, Y., & Worku, A. (2013). Khat chewing and restrictive

dietary behaviors are associated with anemia among pregnant women

in high prevalence rural communities in eastern Ethiopia. PLoS ONE, 8,

e78601. https://doi.org/10.1371/journal.pone.0078601

Kefiyalew, F., Zemene, E., Asres, Y., & Gedefaw, L. (2014). Anemia among

pregnant women in Southeast Ethiopia: prevalence, severity and asso-

ciated risk factors. BMC Research Notes, 7, 771. https://doi.org/10.

1186/1756-0500-7-771

Kozuki, N., Lee, A., & Katz, J. (2012). Moderate to severe, but not mild,

maternal anemia is associated with increased risk of small-for-gesta-

tional-age outcomes. The Journal of Nutrition, 142, 5–9.
Lakew, Y., Biadgilign, S., & Haile, D. (2015). Anaemia prevalence and asso-

ciated factors among lactating mothers in Ethiopia: Evidence from the

2005 and 2011 demographic and health surveys. BMJ Open, 5,

e006001. https://doi.org/10.1136/bmjopen-2014-006001

Leckie, G., & French, R. (2013). Module 11: Three-level multilevel models

MLwiN practical. LEMMA VLE Module, 11, 1–56.
Ma, Q., Zhang, S., Liu, J., Wang, Q., Shen, H., Zhang, Y., & Liu, M. (2017).

Study on the prevalence of severe anemia among non-pregnant

women of reproductive age in rural China: A large population-based

cross-sectional study. Nutrients, 9, 1298.

Malawi, N. (2015). Malawi MDG Endline survey 2014. Zomba, Malawi:

National Statistical Office.

Mebratie, A. D., Van De Poel, E., Yilma, Z., Abebaw, D., Alemu, G., &

Bedi, A. S. (2014). Healthcare-seeking behaviour in rural Ethiopia: Evi-

dence from clinical vignettes. BMJ Open, 4, e004020. https://doi.org/

10.1136/bmjopen-2013-004020

Melku, M., Addis, Z., Alem, M., & Enawgaw, B. (2014). Prevalence and pre-

dictors of maternal anemia during pregnancy in Gondar, Northwest

Ethiopia: An institutional based cross-sectional study. Anemia, 2014,

12–20.
Merlo, J., Yang, M., Chaix, B., Lynch, J., & RÅstam, L. (2005). A brief con-

ceptual tutorial on multilevel analysis in social epidemiology: Investi-

gating contextual phenomena in different groups of people. Journal of

Epidemiology & Community Health, 59, 729–736. https://doi.org/10.
1136/jech.2004.023929

Neha, R., Moutish, M., Ramanan, L., & Purnima, M. (2015). India health

report: Nutrition 2015. New Delhi, India: Public Health Foundation of

India and International Food Policy Research Institute (IFPRI).

Peña-Rosas, J. P., De-Regil, L. M., Garcia-Casal, M. N., & Dowswell, T.

(2015). Daily oral iron supplementation during pregnancy. Cochrane

Database of Systematic Reviews, 12, CD004736.

Perumal, V. (2014). Reproductive risk factors assessment for anaemia

among pregnant women in India using a multinomial logistic regression

model. Tropical Medicine & International Health, 19, 841–851. https://
doi.org/10.1111/tmi.12312

Raman, R., & Hedeker, D. (2005). A mixed-effects regression model for

three-level ordinal response data. Statistics in Medicine, 24,

3331–3345. https://doi.org/10.1002/sim.2186

Riva, E., Tettamanti, M., Mosconi, P., Apolone, G., Gandini, F., Nobili, A., …
Clerico, M. (2009). Association of mild anemia with hospitalization and

mortality in the elderly: The health and anemia population-based

study. Haematologica, 94, 22–28.
Rukuni, R., Bhattacharya, S., Murphy, M. F., Roberts, D., Stanworth, S. J., &

Knight, M. (2016). Maternal and neonatal outcomes of antenatal ane-

mia in a Scottish population: A retrospective cohort study. Acta

Obstetricia et Gynecologica Scandinavica, 95, 555–564. https://doi.org/
10.1111/aogs.12862

Siddiqui, M. Z., Goli, S., Reja, T., Doshi, R., Chakravorty, S., Tiwari, C., …
Singh, D. (2017). Prevalence of anemia and its determinants among

pregnant, lactating, and nonpregnant nonlactating women in India.

SAGE Open, 7, 2158244017725555.

Stoltzfus, J. C. (2011). Logistic regression: A brief primer. Academic Emer-

gency Medicine, 18, 1099–1104. https://doi.org/10.1111/j.1553-

2712.2011.01185.x

14 of 15 TIRORE ET AL.bs_bs_banner

https://doi.org/10.1016/S2214-109X(18)30078-0
https://doi.org/10.1016/S2214-109X(18)30078-0
https://doi.org/10.1146/annurev.publhealth.21.1.171
https://doi.org/10.1146/annurev.publhealth.21.1.171
https://doi.org/10.1371/journal.pone.0186724
https://doi.org/10.1371/journal.pone.0186724
https://doi.org/10.1371/journal.pone.0197171
https://doi.org/10.1371/journal.pone.0197171
https://doi.org/10.1186/s40795-017-0159-x
https://doi.org/10.1186/s40795-017-0159-x
https://doi.org/10.1136/jech-2012-202336
https://doi.org/10.1136/jech-2012-202336
https://doi.org/10.1007/s11121-014-0495-x
https://doi.org/10.1007/s11121-014-0495-x
https://doi.org/10.1016/j.foodpol.2006.08.002
https://doi.org/10.1186/s12905-015-0211-4
https://doi.org/10.1186/s12905-015-0211-4
https://doi.org/10.1182/blood-2013-06-508325
https://doi.org/10.1182/blood-2013-06-508325
https://doi.org/10.1371/journal.pone.0078601
https://doi.org/10.1186/1756-0500-7-771
https://doi.org/10.1186/1756-0500-7-771
https://doi.org/10.1136/bmjopen-2014-006001
https://doi.org/10.1136/bmjopen-2013-004020
https://doi.org/10.1136/bmjopen-2013-004020
https://doi.org/10.1136/jech.2004.023929
https://doi.org/10.1136/jech.2004.023929
https://doi.org/10.1111/tmi.12312
https://doi.org/10.1111/tmi.12312
https://doi.org/10.1002/sim.2186
https://doi.org/10.1111/aogs.12862
https://doi.org/10.1111/aogs.12862
https://doi.org/10.1111/j.1553-2712.2011.01185.x
https://doi.org/10.1111/j.1553-2712.2011.01185.x


Stoltzfus, R. J., Mullany, L., & Black, R. E. (2004). Iron deficiency anaemia.

Comparative Quantification of Health Risks: Global and Regional Burden

of Disease Attributable to Selected Major Risk Factors, 1, 163–209.
Suharno, D., Karyadi, D., West, C., & Hautvast, J. G. J. (1993). Supplemen-

tation with vitamin A and iron for nutritional anaemia in pregnant

women in West Java, Indonesia. The Lancet, 342, 1325–1328. https://
doi.org/10.1016/0140-6736(93)92246-P

The World Bank. (2018). Prevalence of anemia in women of reproductive

age, WHO, global health observatory data repository, world health

statistics.

Vanishri, A., Kumar, D. A., & Kiran Singh, D. R. S. A. (2017). Depression,

anxiety, stress and cognition in females with Iron deficiency anemia.

Tropical Journal of Pathology & Microbiology, 3, 201–205.
Volberding, P. A., Levine, A. M., Dieterich, D., Mildvan, D., Mitsuyasu, R.,

Saag, M., & Anemia in HIV Working Group. (2004). Anemia in HIV

infection: Clinical impact and evidence-based management strategies.

Clinical Infectious Diseases, 38, 1454–1463.
Wilunda, C., Massawe, S., & Jackson, C. (2013). Determinants of

moderate-to-severe anaemia among women of reproductive age in T

anzania: Analysis of data from the 2010 T anzania demographic and

health survey. Tropical Medicine & International Health, 18,

1488–1497. https://doi.org/10.1111/tmi.12199

Wonde, D., & Tadele, G. (2015). Impediments of health seeking behavior

and health service utilization from healthcare facilities in a rural com-

munity in East Gojjam Zone, Ethiopia. Ethiopian Journal of Health

Development, 29, 99–110.

World Bank. (2009). Public health at glance.

World Health Organization. (2001). Iron deficiency anaemia: Assessment,

prevention and control, a guide for programme managers. Geneva: World

Health Organization.

World Health Organization. (2012). Daily iron and folic acid supplementa-

tion in pregnant women (p. 27). Geneva: World Health Organization.

World Health Organization. (2014). Essential nutrition actions: Improving

maternal, newborn, infant and young child health and nutrition.

World Health Organization. (2015). The Global Prevalence of Anaemia in

2011.

World Health Organization. (2016). Global learning laboratory for quality

universal health coverage: fourth global symposium on health systems

research, 14 November 2016, Vancouver, Canada.

World Health Organization, G. (1989). Preventing and controlling anemia

through primary health care: A guide for health administrators and

programme managers.

How to cite this article: Tirore LL, Mulugeta A, Belachew AB,

et al. Factors associated with anaemia among women of

reproductive age in Ethiopia: Multilevel ordinal logistic

regression analysis.Matern Child Nutr. 2021;17:e13063.

https://doi.org/10.1111/mcn.13063

TIRORE ET AL. 15 of 15bs_bs_banner

https://doi.org/10.1016/0140-6736(93)92246-P
https://doi.org/10.1016/0140-6736(93)92246-P
https://doi.org/10.1111/tmi.12199
https://doi.org/10.1111/mcn.13063

	Factors associated with anaemia among women of reproductive age in Ethiopia: Multilevel ordinal logistic regression analysis
	  INTRODUCTION
	  METHODS AND MATERIALS
	  Data sources
	  Analytic samples
	  Anaemia
	  Predictors of anaemia
	  Statistical analysis
	  Multilevel OLR analysis

	  Model specifications
	  Multilevel (three-level) OLR model
	  Random effects
	  Proportional odds assumption
	  Model fit statistics
	  Significance test of random effects
	  Model adequacy (normality of random effects distribution)

	  Ethical considerations

	  RESULTS
	  Multivariable multilevel OLR result
	  Random effects
	  Model 1 (null model)
	  Model 5: Adjusted for individual, household and community level factors together

	  Factors associated with anaemia


	  DISCUSSION
	  Limitation of the study

	  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	  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


