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Introduction

Anemia is considered as a condition in which the number and 
size of red blood cells, or the hemoglobin concentration falls 
below 11 g/dL. As a result, it leads to impairment of the capac-
ity of the blood to transport oxygen around the body.1 It is 
observed as an indicator of both poor nutrition and poor health. 
Anemia also impairs health and well-being in women and 
increases the risk of maternal and neonatal adverse outcomes. 
Globally, anemia affected 1.62 billion people, of these, 56 mil-
lion anemia cases were found in pregnant women.2

In low-income and middle-income countries, pregnant 
women experience high rates of anemia; Africa and South 
Asia were reported highest prevalence rates.3 Anemia can 

have negative effects on a woman’s health including mater-
nal mortality and severe morbidity.4

Both the risk and consequences of anemia were more 
important in low-income and middle-income countries.5 
Africa was ranked the second highest in terms of anemia 
(38.6%) and severe anemia (1.8%).6 It is a moderate and 
severe public health problem in all reproductive age groups 
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of women (38.6%) and pregnant women (54%) of the Sub-
Saharan Africa (SSA), respectively.7

Factors like age, sex, residential elevation (altitude), smok-
ing behavior, and pregnancy status influence hemoglobin con-
centration.8 Previous studies have also documented several 
potential causes of anemia among women including rural resi-
dency,5 younger age,9 and pregnancy status.10,11 The study in 
Nepal showed that a high prevalence of anemia among under-
weight women. Similarly, overweight women were less likely 
to be anemic as compared with women with normal body mass 
index (BMI).12

The study in 2019 indicates that considerable geographic 
disparities in anemia prevalence rate occur within Ethiopia. 
Similarly, the study showed that anemia prevention strategies 
need to be targeted on rural residents, women with limited to 
no education, women who are breastfeeding, areas with poor 
latrine facilities, and women who are HIV positive.13 Different 
studies also showed that the prevalence of anemia is varied in 
different regions of the country. For instance, prevalence rates 
of 31.6% in Sidama14 and 39.94% in Woliyata Sodo15 were 
recorded in recent years. A higher rate which was 61.6% has 
also been reported in pregnant women in the Boditii heath 
center.16

In Ethiopia, varied prevalence rates of anemia among 
women have been observed with different factors across dif-
ferent parts of the country.10,17 For instance, large family 
size, low education status, rural residence, hookworm infes-
tation, and HIV infection were identified as factors contrib-
uting to anemia in northern Ethiopia.17,18

The availability of local information on the magnitude 
and associated factors has a major role in the management 
and control of anemia levels in women contributing to reduc-
tion in maternal morbidity and mortality. Many studies 
focused on anemia in women have been limited to subna-
tional assessments and subgroups of the women, with most 
studies being carried out with pregnant women. Despite the 
wider scope of the problem, little research data have been 
explored about coverage, regional variation, severity, and the 
extent of associate factors of anemia levels among women in 
Ethiopia. Although factors affecting anemia are considered 
to operate in different levels, existing national studies used 
single-level analysis techniques which may lead to incorrect 
estimation of parameters, false conclusion of the association 
and also cannot measure the contribution of the individual, 
household, and region to the total variation of anemia levels. 
Therefore, accounting for the nested structure of data may 
reduce bias in parameter estimation, increase precision and 
power, and consider as an efficient use of information avail-
able. Multilevel ordinal logistic regression (OLR) examines 
the effects of explanatory variables at different levels simul-
taneously. It produces more accurate estimates of parameter 
and significance tests compared with single-level logistic 
regression. Furthermore, it quantifies within- and between-
groups variation on outcome which might be due to unob-
served factors at different levels.19

Therefore, the aim of this study was to identify individual 
and regional level factors of anemia in reproductive age 
groups of women simultaneously using multilevel OLR 
model. In addition, the study aimed to quantify the amount 
of variation in anemia levels which was due to regional vari-
ation in Ethiopia.

Methods

Data sources

This study was national-based cross-sectional study design 
conducted as a part of the 2016 Ethiopia Demographic and 
Health Survey (2016 EDHS). Based on a nationally repre-
sentative sample, it provides estimates at the national and 
regional levels and for urban and rural areas. The survey 
target groups were women age 15–49 years and men age 
15–59 years in randomly selected households across 
Ethiopia. 2016 EDHS collected detailed information on 
background characteristics from 16,650 households, 15,683 
female respondents, and 12,688 male respondents. This 
report presents comprehensive detailed final outcomes of 
the survey at the national level, for the nine regional states 
and two city administrations (Addis Ababa city and Dire 
Dawa city) of Ethiopia.20

The 2016 EDHS data are available to the general public 
by request in different formats from the Measure DHS web-
site (http://idhsdata.org). The author applied the Measure 
DHS by briefly stating the objectives of the study and got the 
permission to download the women anemia level data set in 
SPSS format.

Nested structure of the data

The survey data set used for this study was based on mul-
tistage stratified cluster sampling. The structure of data in 
the population was hierarchical, and a sample from such a 
population can be viewed as a multistage sample. For mul-
tistage-clustered samples, the dependence among observa-
tions often comes from several levels of the hierarchy. In 
this study, the clustering of the data points within geo-
graphical regions offers a natural two-level hierarchical 
structure of the data, that is, women were nested within 
regions.

Sampling techniques and study participants

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. The 2007 
Ethiopia Population and Housing Census (PHC) were used 
as a sampling 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 was the 
number of residential households in the EA as determined in 
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the 2007 PHC. And those EAs with more households had 
higher probability of being selected. In the second stage, 
16,650 households were selected by systematic sampling 
technique, with average of 28 households per EAs. All 
women in the selected household were eligible for anemia 
testing. Details on sampling technique, sample size, data 
collection tools, data quality control, and ethical concerns 
are available in 2016 EDHS report.20

All women who had data on anemia status were included 
in this study. A total of 5133 women who were tested for 
anemia were included in the analysis.

Data collection

The 2016 EDHS sample was stratified into urban and rural 
areas, yielding 21 sampling strata. Samples of EAs were 
selected independently in each stratum in two stages. Implicit 
stratification and proportional allocation were achieved at 
each of the lower administrative levels by sorting the sam-
pling frame within each sampling stratum before sample 
selection, according to administrative units in different lev-
els, and using a probability proportional to size selection at 
the first stage of sampling.

Measurement of study variables

The response variable in the study was women of reproduc-
tive age group of anemia level (normal, mild, moderate, or 
severe). Hemoglobin levels of the women were measured 
using HemoCue, which is the standard test used in the EDHS 
2016, and all hemoglobin values were adjusted for both alti-
tude and smoking status.20 Anemia is categorized as normal 
(>12 g/dL), mild (11–11.9 g/dL), moderate (8–10.9 g/dL), 
and severe (<8 g/dL) based on the World Health Organization 
(WHO) classification.8

Detailed description of factors that were expected to be 
associated with the level of anemia considered in this 
study was: sociodemographic (education level (illiterate, 
primary, secondary, or higher); work status (no or yes); 
age (15–19 years, 20–34 years, or 35–49 years); residence 
(urban or rural); and wealth of women (poor, middle, or 
rich)) and health-related characteristics (BMI (under-
weight, normal, overweight, or obese); status of current 
pregnancy (no or yes); and number of children (no child, 
one or two children, or more than two children)) of study 
participants.

Operational definitions

Anemia is a condition marked by low levels of hemoglobin 
in the blood. Iron is a key component of hemoglobin, and 
iron deficiency is estimated to be responsible for half of all 
anemias globally. Other causes of anemia include malaria, 
hookworm and other helminthes, other nutritional deficien-
cies, chronic infections, and genetic conditions.20

Eligibility and exclusion criteria

Inclusion criteria.  This study provides a comprehensive over-
view of anemia level among reproductive age group of 
women in Ethiopia. Therefore, detailed reproductive history 
and maternal health issues were much information elicited 
from the woman’s age group of 15–49 years.20 All reproduc-
tive age groups of women (15–49 years) who were voluntar-
ily consenting hemoglobin test during the survey period (18 
January 2016 to 27 June 2016) were included in the study. In 
the exclusion criteria, the women of reproductive age group 
(15–49 years) who have not taken anemia test during the sur-
vey period were excluded from the study.

Method of data analysis

Many models for the ordinal dependent variable have been 
studied in the literature; in this specific study, cumulative 
logit model was used. The basic objective of ordered logit 
models is calculation of a cumulative probability for depend-
ent variable being greater than the jth  category called this 
model as the proportional odds model (POM).21–23 This 
model assumes that the effect of independent variable is 
same across all the categories of dependent variable; this is 
also called the proportional odds assumption or parallel lines 
assumption.24 The proportional odds assumption was tested 
using the likelihood-ratio test. It tests the null hypothesis that 
there is no difference in the effects of explanatory variables 
across the levels of anemia. The p-value ⩾ 0.05 is desirable 
to retain null hypothesis.25 Furthermore, each variable in the 
model was tested to identify the variables for which the pro-
portional odds assumption was violated.

The POM model for the categorical variable Y c with  
order categories and a collection of p  explanatory variables 
for the lth  subject X x x x l nl l l pl
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•• Under the assumption of proportional odds, the βs  
remains same and only intercepts vary for different 
categories of response variable. As the sign of βs  is 
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negative (subtracted), they show how the one unit 
increases in predictor increase in log-odds of being in 
the category greater than i.

•• αi  are the intercepts and are different for each com-
parison ordinal categorical variable, and the rela-
tion between α α α αi c is 1 2 1< …< −  to ensure that 
π π π1 1 1< …< −c .

•• The slope coefficients β β β1 2, , ,… p  are the same for 
all the categories of dependent variable; for continu-
ous variables, the slope coefficients change in log-
odds for one unit change in predictor; and for nominal 
predictors, the slope coefficients represent the effect 
of each category of nominal variable as compared to 
reference category.26

Multilevel OLR model

Many types of data, including observational study col-
lected from the human and biological sciences, are nested 
in clustered. Multilevel models are for hierarchical nested 
data structure by allowing error components at different 
levels of hierarchy. The multilevel analysis is used to fit 
the model and to estimate the variation in response 
occurred within cluster and between clusters, the units of 
higher level. The variation between clusters represents 
random effect due to the inclusion of cluster level in the 
model. Multilevel OLR model is used for the analysis of 
hierarchical and ordinal dependent variable. It is used to 
model the ordinal categorical dependent by one or more 
independent variables. The ordinal categorical dependent 
follows the logistic distribution and nested with higher 
levels.27,28

Let the Ycji  order categorical response of jth  individual 
in the ith  cluster with C  order categories coded as 
C c= …1 2, , , .  Then, the cumulative probability for ordered 
response up to category c is P P Y ccji cji= ≤( ).  The multilevel 
random intercept (base model) cumulative log-odds model 
for ordinal response is written as:
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The above random intercept model is mentioned when 
there are no explanatory variables. When model also has 
some fixed explanatory variables, then the above model 
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where X ji  is the data matrix of fixed predictors; hence, the 
fixed effect βs  is the same as for simple POM.

Austin et al.29 used a random intercept logistic regres-
sion model, whereas Moineddin et al.30 used both the ran-
dom intercept and the random slopes logit models in which 
both the intercept and the slope randomly vary across clus-
ters. Intraclass correlation coefficient (ICC) is used as 
assessment of how much variation in the response catego-
ries lies at the level 2 (group level). The ICC of within-
groups variation for dichotomous and ordinal outcomes31 is 
defined as:

ICC =
+
τ

τ
o

o 3 29.

where τ o  is the variance level 2 error term, and 3.29 is the 
variance of standard logistic distribution.

The most commonly implemented estimation procedure 
for hierarchical generalized linear models is penalized 
quasi-likelihood, although this method has been shown to 
yield biased estimates of the variance components as well as 
the fixed effects when data are dichotomous.32 Data used in 
this study were reported and edited in SPSS (version 20), 
and Stata (version 13) was used for data analysis.

Results

Prevalence of anemia in Ethiopia

Table 1 shows the descriptive statistics for distribution of 
anemia level according to region of Ethiopia. Among 5133 
women considered in the study, only 37.40% of women in 
Ethiopia had no anemia while above one-third percent 
(34.40%) of women had moderate anemia level, and approx-
imately 4% (3.80%) women’s anemia level was severe. The 
result also revealed that more than half percent of women in 
both Amhara Region and Benishangul Region (54.70% and 
54.40%, respectively) had no anemia while the highest per-
cent of women in Somali Region, Afar Region, and Harari 
Region had moderate anemia level (70.40%, 65.00%, and 
54.10%, respectively), and 14.40% of women in Somali 
Region and 10.8% of women in Dire Dawa had severe ane-
mia (Table 1).

The study in Table 1 also showed that, using the chi-square 
test at 5% level of significant ( . ),p-value 0.000= < =α 0 05  
the prevalence of anemia level according to region had signifi-
cantly associated.
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Distribution of anemia levels according to 
influencing factors

Table 2 presents the percentage distribution of sociodemo-
graphic and health-related characteristics of anemia levels of 
women in Ethiopia. The result showed that among non-anemic 
women, more than 71% of women had normal BMI while less 
than 2% women were obese and 28.40% and 24.90% under-
weight and overweight women had severe anemia, respec-
tively. The result also revealed that 88.60% of non-anemic 
women were non-pregnant while more than 56% of pregnant 
women had severe anemia. In this study, the result indicated 
that, among severe anemic level of women, 76.60% of women 
had no formal education, similarly 18.80%, 4.10%, and 0.50% 
of women with primary, secondary, and higher educational lev-
els had severe anemic, respectively. The higher proportion of 
anemia level of women for non-working women was severe 
(83.80%) followed by moderate, mild, and non-anemic 
(73.10%, 70.30%, and 63.20%, respectively). Similarly, the 
proportion of anemia level differs by age of women. 
Accordingly, 69.50% of severe anemic age groups of women 
were 20–34 years while 6.60% of severe anemic women were 
in the age group of 34–49 years. More than 90% severe anemic 
level and 83.60% moderate anemia level of women were rural 
residence. In the study, women wealth index had also another 
influencing factor on their anemia level. The result showed that 
77.20% severe anemia levels of women were poor whereas 
only 15.20% of severe anemic women were rich.

In this study, bivariate chi-square analysis has been used 
and seven influencing variables considered were found to be 
statistically significant at 5% (since p < 0.05) significance 
level. Thus, the anemia levels had significantly associated 
with BMI, pregnant status, educational level, working status, 
age, place of residence, and wealth index of the women in 
Ethiopia (Table 2).

Fitted multilevel OLR models

Goodness-of-fit of the model.  As women are nested in the high 
level of hierarchy such as women were nested in region 
(level 2), so we need to fit a two-level multilevel ordinal 
logit model to estimate women anemia level. In the two-
level random intercept model, we allowed the cut points to 
vary at different levels of hierarchy. We take these random 
variations as a part of total random variation, that is, we dis-
tribute the whole random variation into parts associated with 
different levels of hierarchies. In the present problem, for the 
estimation of level of anemia, we used two-level multilevel 
random intercept ordinal logit models to find variation due to 
region level of women (Table 3).

In the study at 5% level of significance, both OLR and 
multilevel OLR models were significant. The likelihood-
ratio test statistic was 3407.46 which we compared with a 
chi-square distribution on 30 degrees of freedom and the 
associated p-value was 0.201, so we cannot reject the null 
hypothesis that the location parameters (slope coefficients) 
were the same across response categories, and we con-
cluded that the proportional odds assumption holds. This 
study was chosen between OLR and multilevel OLR mod-
els; it depends on the between-region variation on the level 
of anemia. The estimated between-region variance was 
1.22, which implies an ICC was 0.27, so approximately 
27% of the variation in level of anemia was due to between-
region variation. As shown in the summary table (Table 3), 
the likelihood-ratio chi-square values for between-region 
variance were found to be 533.10 with p < 0.05. Thus, the 
between-region variation on anemia level was significant. 
As shown in the result, both Akaike information criterion 
(AIC) and Bayesian information criterion (BIC) also sup-
ported the conclusion that the multilevel OLR models were 
a better fit to the data (Table 3).

Table 1.  Prevalence of anemia across region in Ethiopia.

Region Anemia level (within region) Total Chi-square test

Not anemic Mild Moderate Severe Value (df) p-value

Tigray Count (%) 287 (48.30) 176 (29.60) 118 (19.90) 13 (2.20) 594 (100) 1092.27 (30) 0.000
Afar Count (%) 60 (16.00) 53 (14.20) 243 (65.00) 18 (4.80) 374 (100)
Amhara Count (%) 389 (54.70) 189 (26.60) 119 (16.70) 14 (2.00) 711 (100)
Oromia Count (%) 245 (30.80) 240 (30.20) 285 (35.80) 25 (3.10) 795 (100)
Somali Count (%) 25 (5.60) 43 (9.60) 317 (70.40) 65 (14.40) 450 (100)
Benishangul Count (%) 234 (54.40) 108 (25.10) 84 (19.50) 4 (0.90) 430 (100)
SNNPR Count (%) 316 (46.20) 180 (26.30) 174 (25.40) 14 (2.00) 684 (100)
Gambela Count (%) 157 (40.90) 86 (22.40) 137 (35.70) 4 (1.00) 384 (100)
Harari Count (%) 32 (14.40) 59 (26.60) 120 (54.10) 11 (5.00) 222 (100)
Addis Ababa Count (%) 123 (49.40) 60 (24.10) 63 (25.30) 3 (1.20) 249 (100)
Dire Dawa Count (%) 53 (22.10) 57 (23.80) 104 (43.30) 26 (10.80) 240 (100)
Total Count (%) 1921 (37.40) 1251 (24.40) 1764 (34.40) 197 (3.80) 5133 (100)

df: degree of freedom; SNNPR: Southern Nations, Nationalities, and People’s Region.
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Examining of region effects on anemia levels

Caterpillar plot.  Caterpillar plot showed that the estimated 
residuals for the 11 regions of Ethiopia. Except one region, 
for a substantial number of regions, the 95% confidence 

interval did not overlap zero, indicated that the level of ane-
mia was significantly above average (above the zero line) or 
below average (below the zero line) at the 5% level for these 
regions (Figure 1).

Table 2.  Percentage distribution of anemia levels according to influencing factors.

Variables Category Anemia level Total Chi-square value 
(significance)

  Not anemic Mild Moderate Severe

Body mass index Underweight Count 343 324 509 56 4199 300.38 (0.000)*
% 17.90%   25.90% 28.90% 28.40% 100%

Normal Count 1379 807 897 72 934
% 71.80%   64.50% 50.90% 36.50% 100%

Overweight Count 162 92 230 49 3189
% 8.40%     7.40% 13.00% 24.90% 100%

Obese Count 37 28 128 20 1387
%   1.90%     2.20%   7.30% 10.20% 100%

Currently pregnant No or unsure Count 1702 1081 1330 86 366 318.70 (0.000)* 
% 88.60%   86.40% 75.40% 43.70% 100%

Yes Count 219 170 434 111 191
% 11.40%   13.60% 24.60% 56.30% 100%

Highest educational 
level

No education Count 1113 754 1171 151 3548 66.02 (0.000)*
% 57.90%   60.30% 66.40% 76.60% 100%

Primary Count 537 375 438 37 1585
% 28.00% 300.0% 24.80% 18.80% 100%

Secondary Count 176 79 103 8 1351
%   9.20%     6.30%   5.80%   4.10% 100%

Higher Count 95 43 52 1 3591
%   4.90%     3.40% 2.90%     .5% 100%

Respondent 
currently working

No Count 1214 879 1290 165 191 65.41 (0.000)*
% 63.2%   70.3% 73.1% 83.80% 100%

Yes Count 707 372 474 32 946
% 36.80%   29.70% 26.90% 16.20% 100%

Respondent’s 
current age

15–19 years Count 598 301 405 47 2237 47.78 (0.000)*
% 31.10%   24.10% 23.00% 23.90% 100%

20–34 years Count 1271 906 1277 137 1950
% 66.20%   72.40% 72.40% 69.50% 100%

35–49 years Count 52 44 82 13 978
%   2.70%     3.50%   4.60%   6.60% 100%

Total children ever 
born

No children Count 365 236 312 33 4155 6.55 (0.364)
% 19.00%   18.90% 17.70% 16.80% 100%

One or two 
children

Count 854 554 747 82 5133
% 44.50%   44.30% 42.30% 41.60% 100%

More than two 
children

Count 702 461 705 82 2582
% 36.50%   36.90% 40.00% 41.60% 100%

Type of place of 
residence

Urban Count 437 233 289 19 793 36.62 (0.000)*
% 22.70%   18.60% 16.40%   9.60% 100%

Rural Count 1484 1018 1475 178 1758
% 77.30%   81.40% 83.60% 90.40% 100%

Wealth index 
combined

Poor Count 782 620 1028 152 4199 174.41 (0.000)*
% 40.70%   49.60% 58.30% 77.20% 100%

Middle Count 340 205 233 15 934
% 17.70%   16.40% 13.20%   7.60% 100%

Rich Count 799 426 503 30 3189
% 41.60%   34.10% 28.50% 15.20% 100%

*Significant variable at 5% level of significant.
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Predicted regional effect.  From the result (Table 4), the effect 
of each region on prevalence of anemia levels from the 
smallest predicted region to the largest is determined. We can 
see that Somali Region and Harari Region had the highest 
rank, respectively. Therefore, the largest level of anemia 
prevalence had Somali Region and Harari Region, respec-
tively, while Benishangul Region and Tigray Region had the 
smallest predicted anemia level prevalence, respectively.

Interpretation of fitted multilevel mixed-effects OLR models.  
According to Table 5, the three intercepts were used to differ-
entiate the category of anemia level 1 for each comparison. 
The first cut point α1( )≤ mild  was estimated to be −0.62 and 
told us that the log-odds of having mild, moderate, or severe 
level of anemia relative to had not anemia were 0.62. This was 
corresponding to a probability of having mild, moderate, or 
severe anemia level of ( ) / ( ) . .. .exp exp0 62 0 621 0 65+ =  It fol-
lows that the probability of having instead had no anemia was 

1 0 65 0 35− . . .or  The second cut point α2 ( )≤ moderate  was 
estimated to be 0.60 and so the log-odds of having moderate or 
severe anemia level relative to had not anemia or mild were 
−0.60, which corresponds to a probability of 0.35. The proba-
bility of having instead had no anemia was 0.65. Finally, the 
third cut point α3 ( )≤ severe  was estimated to be 3.94 and told 
us the log-odds of having severe anemia level relative to had 
not anemia, mild or moderate were −3.94, which corresponds 
to a probability of 0.02. The probability of having instead had 
severe level of anemia was 0.98. Each cut point’s cumulative 
response probabilities vary across region. As in any multilevel 
model, one way to assess regional variation is to use the value 
of ICC, and each cut point’s cumulative response probability 
was computed by adding estimate of regional variation in each 
cut point.

Table 3.  Test for goodness-of-fit of the model.

Criteria Ordinal logistic regression model Multilevel ordinal logistic regression model

Value

Number of observations 5133 5133
Number of groups (region) 11
Observation per group  
Minimum 222
Maximum 795
Log likelihood −5945.01 −5541.83
LR chi-square (8) 471.08 (0.000)  
Proportional odd assumptions test (LR chi-square (30)) 3407.46 (0.201)  
Wald chi-square (15) 439.61 (0.000)
LR test vs ologit model:chi-bar-square (01) 533.10
AIC 11,912.02 11,121.67
BIC 11,983.99 11,245.99
Region var(_cons) 1.22 (0.000)
Intraclass correlation 0.27

AIC: Akaike information criterion; BIC: Bayesian information criterion; LR: likelihood-ratio.
p-values of the model fitted are presented within parenthesis.

-1
0

1
2

3
em

pi
ric

al
 B

ay
es

 m
ea

ns
 fo

r _
co

ns
[R

eg
io

n]

0 5 10 15
rank of (u)  

Figure 1.  Caterpillar plot using predicted value and standard 
error for each region in rank order.

Table 4.  Rank, and predicted effect of regions.

uRank Region U

  1 1 Benishangul −0.43
  2 2 Tigray −0.17
  3 3.5 Amhara 0.00
  4 3.5 Oromia 0.00
  5 5 SNNPR 0.15
  6 6 Addis Ababa 0.21
  7 7 Gambela 0.23
  8 8 Afar 1.27
  9 9 Dire Dawa 1.27
10 10 Harari 1.40
11 11 Somali 2.13

SNNPR: Southern Nations, Nationalities, and People’s Region.
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As shown in the fitted multilevel OLR model, BMI, current 
pregnancy, work status, age, number of children, residence, and 
wealth of women had significant effect on level of anemia in 
Ethiopia. Starting with the effect of BMI, women with normal 
weight had lower effect in the greater anemia level than under-
weight women. The odds of being normal weight in the greater 
category of anemia level were 0.59 times less likely as com-
pared to underweight women. The odds in the greater category 
of anemia level were 1.40 times more likely for overweight as 
compared to underweight women. In regarding to obese women 
having greater levels of anemia were 2.56 times more likely as 
compared to underweight women while holding all other vari-
ables in the model constant. So, overweight and obese had 
incremental effect for higher levels of anemia in Ethiopia.

With regarding to current pregnancy of women, the odds 
of higher levels of anemia were increased by 2.31 for preg-
nant women as compared to non-pregnant women while 
holding all other variables in the model constant. Therefore, 
pregnant women in Ethiopia were more exposed for higher 
level of anemia.

Women having work being in greater anemia levels 
were 0.88 times less likely as compared to had no work. 
Adult women aged (20–34 years) being greater anemia 
levels were 1.43 times more likely as compared to younger 
women aged (15–19 years), and older women (35–49 years) 
higher anemia levels were 2.10 times more likely as com-
pared to younger women. More number of children being 
in higher level of anemia were increased by 1.28 as com-
pared to women have no child. The women living in the 
rural area being in the greater category anemia levels were 
1.53 times more likely as compared to women living in 
urban area.

In addition, higher level of wealth index of women had 
negative influence for greater category of anemia level. The 
higher level of anemia in the middle quintile was reduced by 
0.78 as compared to the higher level of anemia in the poor 
quintile, and the higher level of anemia in the rich quintile 
was 0.72 times less likely as compared to the higher level of 
anemia in the poor quintile women while holding all other 
variables in the model constant.

Table 5.  Multilevel ordinal model fitted of anemia with the related factors.

Anemia Coefficient Odds ratio Standard error Z p > |z| 95% confidence interval

Cut points
  α1( mild)≤ −0.62 0.19 −3.22 0.001 −0.99, −0.24
  α 2( moderate)≤ 0.60 0.19 3.14 0.002 0.23, 0.98
  α 3(≤ severe) 3.94 0.21 18.89 0.000 3.53, 4.34
BMI (underweight—reference)
  Normal −0.53 0.59 0.04 −8.03 0.000* 0.52, 0.67
  Overweight 0.34 1.40 0.15 3.18 0.001* 1.14, 1.72
  Obese 0.94 2.56 0.39 6.27 0.000* 1.91, 3.44
Curprg (no—reference)
  Yes 0.84 2.31 0.17 11.43 0.000* 2.00, 2.67
Edulevel (illiterate—reference)
  Primary 0.065 1.07 0.07 0.96 0.338 0.93, 1.22
  Secondary −0.11 0.89 0.11 −0.92 0.358 0.70, 1.14
  Higher −0.15 0.86 0.14 −0.88 0.378 0.62, 1.20
Work status (no—reference)
  Yes −0.13 0.88 0.05 −2.09 0.037* 0.78, 0.99
Age (15–19 years—reference)
  20–34 years 0.36 1.43 .10 4.94 0.000* 1.24, 1.644
  35–49 years 0.74 2.10 .36 4.37 0.000* 1.504, 2.92
NChildren (no child—reference)
  One or two children 0.09 1.09 0.09 1.08 0.280 0.93, 1.28
  More than two children 0.25 1.28 0.12 2.60 0.009* 1.06, 1.55
Residence (urban—reference)
  Rural 0.42 1.53 0.15 4.28 0.000* 1.256, 1.85
Wealth (poor—reference)
  Middle −0.25 0.78 0.06 −3.17 0.002* 0.66, 0.91
  Rich −0.33 0.72 0.06 −4.26 0.000* 0.62, 0.84
  Region var(_cons) 1.22 0.62 0.45, 3.30

BMI: body mass index.
*Significant variable at 5% level of significant.
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Discussion

This study was chosen between OLR and multilevel mixed-
effects OLR models; it depends on the between-region vari-
ation effect on the level of anemia. Thus, the result showed 
that 27% was between-region variation on anemia level and 
significant impact on variability of anemia level. This find-
ing was in line with other study findings in 2019 which indi-
cated that considerable geographic disparities in anemia 
prevalence rate occur within Ethiopia.13 Also, a study in 
Sidama14 and Woliyata Sodo15 revealed that the prevalence 
of anemia was varied in different regions of the Ethiopia.

According to this study, women compared to normal weight, 
underweight women, overweight, and obese women had more 
likely for higher anemia levels in Ethiopia. This finding was 
contradicted to the finding of Nepal;9 the study in Nepal 
revealed that overweight women were less likely to be anemic 
as compared to women with normal BMI while the same evi-
dence was reported in Nepal, in which high prevalence of ane-
mia among underweight women.

This study also indicated that pregnant women in Ethiopia 
were more exposed for higher anemia levels. This result was 
in line with other study finding conducted in Ethiopia and 
other country studies,2,8,10,11 where the pregnancy status 
influences the hemoglobin concentration. This finding was 
in agreement with the study reported in Africa and South 
Asia,3,7 in which pregnant women experience high rates of 
anemia.

In this study, the result revealed that, aged women had 
positive effect for higher anemia levels. Our findings were 
also consistent with the study that indicated that women’s 
background characteristics were significant,8,9 in which age 
of women was potential causes of anemia in Ethiopia.

In this study, women who had more number of children 
showed a significant positive impact on the higher anemia 
levels for women in Ethiopia. This finding was in agreement 
with studies conducted in different parts of the country, 
Ethiopia;17,18 in the studies, large family size varies in the 
prevalence rate of anemia in different parts of the country. 
This could be due to the possibility that more children might 
cause food insecurity in the household and women access 
unbalanced diet.

The women living in the rural area were more likely in the 
greater category of anemia level compared to women living 
in the urban area. This is consistent with a recent study con-
ducted inside the country and outside the country,5,13,17,18 in 
which due to poor health-seeking behavior and inadequate 
infrastructure of health centers, women living in the rural 
area might not get care for maternal services and disease 
which may contribute to anemia.

Higher level of wealth index of women has negative 
influence for greater category of anemia levels. This is a 
similar to the finding conducted in the different studies,3–5 in 
which anemia was the highest prevalence rate in low-income 

and middle-income countries. Due to increasing price of 
foods and health services, women might not be afford the 
food and not treated for disease on time that may result ane-
mia in Ethiopia.

Limitations

The data were adjusted for multistage sampling design used 
in the survey to make the findings of this study nationally 
reproducible. Nonetheless, the findings should be handled 
with cautions: first, the study did not consider the assessment 
of dietary factors and all important socioeconomic factors 
that might potentially have an impact on the development of 
anemia. Second, due to the cross-sectional design of the 
study, it was not possible to determine the cause–effect rela-
tionship between the predictor variables and anemia. Finally, 
sample size calculation was not performed for this study 
because we have used already collected data.

Conclusion

In this study, multilevel OLR model was fitted to measure 
the anemia level using fixed effect and random effect. 
Prevalence of anemia level according to region had signifi-
cantly associated and more than 27% variation of anemia 
level was due to between-region variations in Ethiopia. The 
largest level of anemia prevalence was seen in Somali 
Region and Harari Region, respectively, while Benishangul 
Region and Tigray Region had the smallest predicted ane-
mia level prevalence, respectively. From the fitted multi-
level OLR model: women with normal weight had lower 
effect in the greater anemia level; overweight and obese 
had incremental effect for higher levels of anemia; preg-
nant women were more exposed for higher level of anemia; 
a women having work had negative effect on the higher 
level anemia; as women age increases, the level of anemia 
was also increased; women having more number of chil-
dren had positive impact on the higher level of anemia; the 
households live in the rural area had greater level of ane-
mia; and higher level of wealth index of women had nega-
tive influence for greater category of anemia level in 
Ethiopia.
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