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Background: Anemia is a public health problem a�ecting both developed and

developing nations worldwide with a significant consequence on health and

economic growth. The problem is more severe in pregnant women. Hence, the

main purpose of this study was to determine the factors of anemia levels among

pregnant women in zones in Ethiopia.

Methods: We utilized data from 2005, 2011, and 2016 Ethiopian demographic

and health survey (EDHSs), a population-based cross-sectional study. The study

includes 8,421 pregnant women. An ordinal logistic regression model with spatial

analysis was used to explore factors of anemia levels among pregnant women.

Result: About 224 (2.7%), 1,442 (17.2%), and 1,327 (15.8%) pregnant women were

mild, moderate, and severely anemic, respectively. The spatial autocorrelation of

anemia among the administrative zones of Ethiopia for the three consecutive was

not significant. Themiddle wealth index of 15.9% (OR= 0.841, CI: 0.72–0.983) and

richest wealth index of 51% (OR = 0.49, CI: 0.409–0.586) were less likely anemic

compared to the poorest wealth index, age group of mother 30–39 was 42.9%

(OR = 0.571, CI: 0.359–0.908) times less likely to be moderate and above anemic

compared to <20 years, several household members 4–6 were 51% (OR = 1.51,

CI: 1.175–1.94 more likely moderate and above anemic compared to 1–3.

Conclusion: Over one-third of the pregnant women (34.5%) were anemic

in Ethiopia. Wealth index, age group, religion, region, number of household

members, source of drinking water, and EDHS were significant factors in anemia

levels. The prevalence of anemia among pregnant women varied among Ethiopian

administrative zones. North West Tigray, Waghimra, Oromia special woreda, West

shewa, and East shewa were a high prevalence of anemia.
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Introduction

Anemia is considered a condition in which the hemoglobin (Hb) concentration falls

below an established cut-off value, as evidenced by a reduced quality or quantity of red

blood cells which minimizes oxygen-carrying capacity to tissue. Even the hemoglobin

concentration decreases with dilution as the volume of circulating blood increases (1).

According to the World Health Organization (WHO), anemia in pregnancy is defined as

a Hb concentration of fewer than 11 grams per deciliter (2). Anemia during pregnancy is

a major cause of morbidity and mortality in pregnant women in developed and developing
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countries. Although it can occur among any human population,

pregnant women and young children are common victims of this

hematological abnormality (3).

Anemia reduces levels of hemoglobin and favors changes

in placental angiogenesis, limiting the availability of oxygen

to the fetus and consequently causing potential restriction of

intrauterine growth and low birth weight (4). Anemia is evaluated

by measuring hemoglobin levels, rather than by clinical signs,

which are less observable than for vitamin A deficiency and

disorders of iodine scarcity (5). The hemoglobin deprivation

due to anemia during pregnancy has serious maternal-fetal

complications, which could even lead to maternal mortality (6).

The main causes of anemia during pregnancy are nutritional

deficiencies of iron, vitamin B12, and parasitic diseases in addition

to this excessive menstrual bleeding, acute or chronic blood

loss, chronic diseases, parasites infestation, hemolytic anemia,

and frequent pregnancies, and also the evidence shows that

anemia contributes to 20% of deaths among pregnant women

(1, 7).

It is one of the most common nutritional deficiency diseases

observed, globally 1.62 billion people of the world’s population

are anemic and about 38% accounts for pregnant women of

which 46.3% of them are in Africa (8). Sub-Saharan Africa

took the greatest share, where 17.2 million pregnant women

were reported as anemic (9), and 41.82% were accounted

for by east Africa (6). Anemia is a major and one of the

greatest prevalent nutritional deficiency problems disturbing

pregnant women. During pregnancy, anemia prevalence differs

significantly due to the reasons of differences in socioeconomic

conditions, lifestyles, and health-seeking behaviors concerning

different cultures (10).

The Global data shows that 56% of pregnant women in

low- and middle-income countries (LMIC) have anemia due to

the absence of balanced nutrients (11). Anemia is one of the

major and highly spread public health problems in developing

countries including Ethiopia. It leads to different complications

and difficulties for the fetus and mother during the pregnancy

period. The prevalence of anemia among women decreased from

27% in 2005 to 17% in 2011 but climbed to 24% in 2016,

according to the Ethiopian demography and health survey report

(12). In Ethiopia, different studies were done on factors associated

with anemia among pregnant women using classical models such

as binary logistic regression. However, binary logistic regression

accounts for the status of anemia. Besides, binary logistic regression

cannot deliver sufficient information for studying the pattern of

different anemia levels (12, 13). Hence, we used the ordinal logistic

regression model to show the pattern of anemia levels among

pregnant women. Several studies in Ethiopia studied the risk

factor of anemia based on the regional level (14, 15), but this

study focused on the second level of administrative area (zones)

in Ethiopia.

To the best of our knowledge, some research using EDHS data

on the causes of anemia in Ethiopia has been done. However,

they failed to display the spatial distribution among zones and its

trend over time (11–13). Therefore, this study would investigate the

determinants, distribution, and trends of anemia among pregnant

women in Ethiopian administrative zones based on 2005, 2011, and

2016 EDHS data.

Operational definition

Hemoglobin
An iron-containing respiratory pigment of vertebrate red blood

cells that consists of a globin composed of four subunits each

of which is linked to a heme molecule, that functions in oxygen

transport to the tissues after conversion to oxygenated form in the

gills or lungs, and that assists in carbon dioxide transport back to

the gills or lungs after the surrender of its oxygen.

Anemia
A condition in which you lack enough healthy red blood cells

to carry adequate oxygen to your body’s tissues.

Methods

Study area

The study was conducted in Ethiopia, located at 3◦ and 14.8◦

latitude, 33 and 48◦ longitude in the Eastern part of Africa laying

between the Equator and the Tropic of Cancer (16). Ethiopia is the

largest and most populated country in the Horn of Africa and the

capital city is Addis Ababa (“New Flower”), located almost at the

center of the country (17). Ethiopia is administratively structured

into nine regional states and two city administrations. Moreover,

the country has 72 administrative zones Central Statistical Agency

(CSA) report, 2007.

Source of data

This study used 2005, 2011, and 2016 EDHS data conducted

in Ethiopia for the last 12 years. It was worked by the Central

Statistical Agency (CSA) at the inquiry of the Federal Ministry of

Health (FMoH). The EDHS is drafting every 5 years to provide

health and health-related indicators at the national and regional

levels in Ethiopia. The data was collected from all the nine regions

and the two city administrations of Ethiopia in a representative

manner. The DHS data is freely available after permission has

been obtained from: https://dhsprogram.com and can be accessed

following the protocols.

Inclusion criteria

The three surveys were conducted and anemia was included

as a key indicator since the 2005 survey. In 2005, 2011, and 2016

surveys years respectively, 540 (139 urban and 401 rural areas),

624 (187 urban and 437 rural), and 645 (202 urban and 443

rural) enumeration areas (EAs) are selected using a stratified, two-

stage cluster design. A total of 13,721 households (14,070 eligible

reproductive age women), 16,702 households (16,515 eligible

reproductive age women), and 16,650 households and 15,683

eligible reproductive-age women are selected, respectively. A total

of 8,421 pregnant women of which 1,578 from 2005, 3,761 from

2011, and 3,082 from 2016 were included in this study, Figure 1.
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FIGURE 1

Inclusion and exclusion of pregnant women in this study.

Exclusion criteria

All non-pregnant women whose ages are 15–49 years

were excluded.

Study variables

Response variable
The response variable in this study was the anemia status

of pregnant women which is measured by hemoglobin level

(18). The status of anemia was determined based on hemoglobin

concentration in blood adjusted to the altitude. Adjusted

concentration 10.0–10.9 g/dl was considered as mild anemia, 7.0–

9.9 g/dl as moderate anemia, and <7.0 g/dl as severe anemia ≥11

g/dl as not anemic (6).

Explanatory variables
These variables were obtained based on insight from previous

studies (1–6) (see Figure 2).

Methods of statistical analysis

Descriptive measures were used to summarize the

characteristics of the study participants using frequencies

and percentages for variables.

Ordinal logistic regression

It is applicable when a dependent variable has values with

having natural order or rank (19). It is used to model the

relationship between an ordinal dependent variable and a set of

independent variables (20).

Proportional odds model (POM)

It is also known as the cumulative logit model. It is used

for modeling the response variable that has more than two levels

with K set of explanatory variables by defining the cumulative

probabilities, cumulative odds, and cumulative logits for the J-

1 categories of the response, this model simultaneously uses all

cumulative logits (13).

Assumed the response variable Y is a vector of an ordinal scale

with J categories and X = (x1, x2, ..., xp) is the vector of covariates,

then the probability of the variable response of the jth category of

explanatory variable X, in particular, can be expressed by P,

p
[

y = j/x1−−−−xp
]

= πj(x) (1)

Where Y and X are vectors.

When the response categories are ordered, the logits can

utilize the ordering that results in greater power and simple

interpretations. Hence, the cumulative probability of Y is the

probability that falls at or below particular outcome category j is

given by:

p
(

Y ≤ j
)

= π1 (x)+ π2 (x)+ . . .+ πj (x) (2)

j= 1, 2... J-1. Where J is categories for the response variable Y.

Then the odds of the first J−1 cumulative probability are,

odds
(

p
(

y ≥ j
))

=

(

p
(

y ≥ j
)

1− p
(

y ≥ j
)

)

=
πj

1− πj
(3)

Where j = 1, 2, . . . , J − 1.

The cumulative logit model (21).

logit
(

yi ≥ j/x
)

= log

(

pr
(

yi ≥ j/x
)

pr
(

yi < j/x
)

)

log

(

πj+1 + πj+2 + . . .+ πJ

π1 + π2 + . . .+ πj

)

= β0j + X
′

β , j = 1, . . . , J − 1 (4)

Where β0j = is a threshold value.

x= set of factors or predictors.

Each cumulative logit uses all J response categories.

Manually the probability p
(

Y ≥ j
)

, can be estimated as:

p
(

Y ≥ j
)

=
exp(β0j+ x′ β )

1+ exp(β0j+ x′ β )
(5)

The cumulative probabilities do not use the final one, P (Y ≤

j), since it must equal 1. The parameter β is a vector of regression

coefficient describing the effect of corresponding covariates X on

the log odds of response in category j or below. When this model

good fit, it requires a single parameter rather than J-1 parameters to

describe the effect of X. Because themodel assumes that the effect of

X is identical, proportional odds, for all J-1 cumulative logits (22).

Frontiers in PublicHealth 03 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1089383
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ayele et al. 10.3389/fpubh.2023.1089383

FIGURE 2

Conceptual framework for dependent and independent variables.

FIGURE 3

The bar chart presentation of anemia levels among pregnant women for the three consecutive EDHS data.

For the ordinal regression model to hold, the assumption of

parallel lines of all levels of the categorical data is satisfied since the

model does not assume normality and constant variance (23).

To fit an ordinal logistic regression using the proportional

odds model the assumption is that the relationship

between independent variables and the dependent
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variable does not change for the dependent variable’s

categories (13).

Partial proportional odds model

It is rare for all the explanatory variables included in the model

to display the proportional odds property. A partial proportional

odds model can be used when the parallel lines assumption

holds or not. The partial proportional odds model bears the

same characteristics as the proportional odds model but now

the coefficients are associated with each category of the response

variable (24). This model allows some predictors to be modeled

with the POM assumption, but for those variables in which this

assumption is not satisfied is with PPOM.

logit
(

γj
)

= log

(

γj

1− γj

)

= ηi = θj + X
′

iβ + τψj (6)

Where X is a vector containing the full set of independent

variables and τ is a vector of a subset of independent variables not

violating and violating parallel line assumption; β and ψ are the

regression coefficients of those predictors, respectively.

TABLE 1 The prevalence of anemia among pregnant women in 2005,

2011, and 2016 EDHS data.

Year Frequency (%)

2005 542 (34.35%)

2011 1,277 (33.9%)

2016 1,174 (38.09%)

Generalized ordered model

The generalized ordered logit model is an ordinal logistic

regression that considers the order of category of the response

variable with a k set of explanatory variables. This model results

in J-1 logits without constraining the effect of each explanatory

variable is equal across the logit (25).

The model can be expressed as:

log
(

pr
(

Y > j/X
))

= log

(

pr
(

Y > j/X
)

pr
(

Y ≤ j/X
)

)

= αj + β1jx1 + β2jx2 + . . .+ βkjxk (7)

In this model defines J – 1 sets of model parameters, one for

each of the J – 1 generalized logit.

This means the model has a separate intercept (αj) and a

separate set of regression parameters
(

βj
)

.

This model estimates the odds of being beyond a

certain category relative to being at/below that category. A

positive β-value indicates that an individual is less likely

to be low in the category as compared to beyond the

category of the outcome variable. The generalized ordered

logit model estimates the regression parameter for each

independent variable on j−1 logit of the probability being

at or below jth category in every logit to have different

estimated values.

Spatial analysis

Spatial analysis is an analysis that includes the influence

of space in the analysis (26). It is a statistical method that

FIGURE 4

The bar chart presentation of anemia levels among pregnant women in Ethiopia’s administrative regions.
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TABLE 2 Frequency distribution of independent variables among the 3 survey years.

Variables Categories 2005 2011 2016

Frequency (%) Frequency (%) Frequency (%)

Residence Urban 44 (2.8) 273 (7.6) 359 (11.6)

Rural 1,534 (97.2) 3,343 (92.4) 2,723 (88.4)

Education No education 1,320 (83.7) 2,644 (73.2) 2,313 (75)

Primary 231 (14.6) 928 (25.7) 616 (20)

Secondary 49 (1.2) 25 (0.7) 106 (3.5)

Higher 8 (0.5) 16 (0.5) 47 (1.5)

Religion Orthodox 554 (35.1) 1,102 (30.5) 680 (22.1)

Catholic 10 (0.6) 84 (2.3) 13 (0.4)

Protestant 320 (20.3) 919 (25.4) 479 (15.5)

Muslim 638 (40.4) 1,446 (40) 1,836 (59.6)

Traditional 37 (2.3) 33 (0.9) 55 (1.8)

Other 19 (1.2) 33 ()0.9 19 (0.6)

Wealth Poorest 498 (31.6) 938 (25.9) 1,347 (43.7)

Poorer 334 (21.2) 819 (22.6) 534 (17.3)

Middle 314 (19.9) 697 (19.3) 423 (13.7)

Richer 258 (16.3) 735 (20.3) 423 (13.7)

Richest 174 (11) 428 (11.8) 355 (11.5)

Region Tigray 214 (13.6) 249 (6.9) 196 (6.4)

Afar 70 (4.4) 49 (1.4) 358 (11.6)

Amhara 158 (10) 576 (15.9) 280 (9.1)

Oromiya 387 (24.5) 1,590 (44) 459 (14.9)

Somali 111 (7) 155 (4.3) 640 (20.8)

Benishangul-gumz 128 (8.1) 55 (1.5) 224 (7.3)

SNNP 318 (20.2) 886 (24.5) 413 (13.4)

Gambella 71 (4.5) 8 (0.2) 177 (5.7)

Harari 87 (5.5) 7 (0.2) 169 (5.5)

Addis Ababa 17 (1.1) 28 (0.8) 42 (1.4)

Dire-Dawa 17 (1.1) 13 (0.4) 124 (4)

Working Yes 321 (20.3) 976 (26%) 730 (23.7)

No 1,257 (79.7) 2,785 (74%) 2,352 (76.3)

Age category mother <20 18 (1.1) 52 (1.4) 31 (1)

20–29 515 (32.6) 1,349 (35.8) 1,202 (39)

30–39 845 (53.5) 1,861 (49.5) 1,584 (51.4)

40–49 200 (2.7) 500 (13.3) 265 (8.6)

Nhmember 1–3 114 (7.2) 304 (8.1) 287 (9.3)

4–6 734 (46.5) 1,888 (50.2) 1,405 (45.6)

7–9 594 (37.6) 1,264 (33.6) 1,142 (37.1)

≥10 136 (8.6) 305 (6.1) 246 (8)

Preceding birth interval ≤24 432 (27.4) 1,078 (28.7) 1,005 (32.6)

≥25 1,146 (72.6) 2,683 (71.3) 2,077 (67.4)

(Continued)
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TABLE 2 (Continued)

Variables Categories 2005 2011 2016

Frequency (%) Frequency (%) Frequency (%)

Source of drinking water Improved 782 (49.6) 1,729 (46) 1,248 (40.5)

Unimproved 796 (50.4) 2,032 (54) 2,834 (59.5)

Body mass index Under weight 106 (6.7) 368 (10.2) 423 (13.7)

Normal 1,409 (89.3) 2,947 (81.5) 2,251 (73.1)

Overweight 63 (4) 301 (8.3) 408 (13.2)

Toilet Improved 110 (7) 537 (14.3) 412 (13.4)

Unimproved 1,468 (93) 3,224 (85.7) 2,670 (86.6)

Cooking fuel Wood/straw 36 (2.3) 3,318 (88.2) 2,715 (88.1)

Other 1,542 (97.2) 443 (11.8) 367 (11.9)

is useful to identify geographical areas with the highest

prevalence of anemia among pregnant women and its

variability over the Ethiopian administrative zones. Ignoring

such information during analysis may offer faulty results and

conclusions (27).

Spatial autocorrelation

The idea of spatial autocorrelation was proposed by Tobler

in the first geography law, “Everything is related to everything

else, however nearest things are related than distant things (28).”

A Moran’s I was used to measure spatial autocorrelation (29).

The value of Global Moran’s I is range from −1 to 1. When the

index was distributed around – 1, the overall spatial distribution

displayed is not similar and the reverse is true when the index is 1

(26, 30).

A statistically significant Moran’s I (p < 0.05) leads to rejecting

the null hypothesis (anemia among pregnant women randomly

distributed) and indicates the existence of spatial autocorrelation.

The global Moran’s I expressed as follows:

I = n

∑n
i=1

∑n
j=1 wij (xi − x)

(

xj − x
)

∑n
i=1 wij (xi − x)2

(8)

Where n is the number of observations in the whole cluster, xi
and xj are the observations at locations of i and j, x is the mean of

x, and Wij, a component of spatial weights matrix W, is the spatial

weight between locations of i and j. The Local Moran’s I expressed

as follows:

I = n

∑n
i=1

∑n
j=1 wij (xi − x)

(

xj − x
)

∑n
i=1 (xi − x)2

(9)

Contiguity matrix

A contiguity matrix is a matrix that explains the relationship

between zones, giving the value 1 if the area i neighbor with area

j, while a value of 0 is given if area i is not adjacent to the area j

(31). In our study, it is referred to as matrix W containing wij for

row i and column j. based on the contiguity of the area units. It is a

square symmetric n× nmatrix with (i, j) and the diagonal elements

of the spatial weight matrix are zeros (32). The most common ways

to construct such a matrix are as follows.

wij =

{

1, if area i and j are neigbhoring

0,Otherwise

W =

















0 w12 w13 · · · w1N

w21 0 w23 . . . w2N

w31 w32 0 . . . w3N

...
...

...
. . .

...

wN1 wN2 wN3 · · · 0

















Spatial interpolation

Kriging is the most commonly used geostatistical approach for

spatial interpolation (33). It is relied on a spatial model between

observations to predict attribute values at unsampled locations.

One of the specificities of kriging methods is that they do not

only consider the distance between observations but they also

intend to catch the spatial structure in the data by comparing

observations separated by specific spatial distances two at a time. In

this study, the Ordinary Kriging geostatistical interpolationmethod

was used to predict the prevalence of anemia in unobserved areas

of Ethiopian administrative zones.

Spatial ordinal logistic regression

Spatial Ordinal Logistic Regression is an analysis which is

adding of spatial effects into the ordinal logistic regression model.

Uses the spatial ordinal logistic regression model of the form (34):

logit
(

P
(

Y ≤ j|X
))

= log

[

P
(

Y ≤ j|X
)

1− P
(

Y ≤ j|X
)

]

= αj + Xβ

+ρWy (10)

Where ρWy =
∑k

j=1 wij ŷi/
∑ki

j=1 wij.
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TABLE 3 The association of socio-demographic, socio-economic, and environmental variables with anemia level among pregnant women.

Not anemic Mild Moderate and above X2 and p-value

Predictor Category Frequency (%) Frequency (%) Frequency (%)

Place of residence Urban 547 (66.5) 109 (13.2) 167 (20.3) 4.347 (0.114)

Rural 4,881 (64.2) 1,218 (16) 1,499 (19.7)

Education No education 4,088 (62.5) 1,070 (16.4) 1,380 (21.1) 56.928 (<0.001)

Primary 1,163 (70.9) 219 (13.3) 259 (15.8)

Secondary 122 (71.3) 32 (18.7) 17 (9.9)

Higher 55 (77.5) 6 (8.5) 10 (14)

Religion Orthodox 1,580 (74.2) 307 (14.4) 245 (11.5) 407.205 (<0.001)

Catholic 70 (89.7) 4 (5.1) 4 (5.1)

Muslim 2,503 (55.7) 778 (17.3) 1,214 (27)

Protestant 1,121 (73.8) 218 (14.4) 180 (11.8)

Traditional 84 (70) 20 (16.7) 16 (13.3)

Other 70 (90.9) 0 7 (9.1)

Wealth index Poorest 1,888 (58) 537 (16.5) 828 (25.5) 150.22 (<0.001)

Poorer 984 (64.1) 260 (16.9) 292 (19)

Middle 899 (70.3) 187 (14.6) 192 (15)

Richer 891 (68.4) 216 (16.6) 196 (15)

Richest 766 (72.9) 127 (12.1) 158 (15)

Region Tigray 592 (73.3) 108 (13.4) 108 (13.4) 008.533 (<0.001)

Afar 498 (53.3) (194 (20.8) 242 (25.9)

Amhara 551 (74) 128 (17.2) 66 (8.9)

Oromiya 970 (70) 236 (17) 180 (13)

Somali 480 (42.1) 169 (14.8) 490 (43)

Ben-gumz 565 (73.6) 92 (12) 111 (14.5)

SNNP 1,037 (79.4) 160 (12.3) 109 (8.3)

Gambella 280 (65.7) 76 (17.8) 70 (16.4)

Harari 220 (53.1) 94 (22.7) 100 (24.2)

Addis Ababa 92 (88.5) 10 (9.6) 2 (1.9)

Dire Dawa 143 (36.6) 60 (15.3) 188 (48.1)

Pregnant currently working Yes 1,370 (67.6) 311 (15.3) 346 (17.1) 14.29 (<0.001)

No 4,058 (63.5) 1,016 (15.9) 1,320 (20.6)

Age group of mother <20 62 (61.4) 12 (11.9) 27 (26.7) 24.022 (<0.001)

20–29 1,994 (65.0) 455 (14.8) 616 (20.1)

30–39 2,699 (62.9) 718 (16.7) 873 (20.3)

40–49 673 (69.7) 142 (14.7) 150 (15.5)

Number of household

member

1–3 456 (64.7) 124 (17.6) 125 (17.7) 29.863 (<0.001)

4–6 2,560 (63.6) 674 (16.7) 793 (19.7)

7–9 1,964 (65.5) 459 (15.3) 577 (19.2)

≥10 448 (65) 70 (10.2) 171 (24.8)

Preceding birth interval ≤24 1,546 (61.5) 383 (15.2) 586 (23.3) 28 (<0.001)

≥25 3,882 (65.7) 944 (16) 1,080 (18.3

(Continued)
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TABLE 3 (Continued)

Not anemic Mild Moderate and above X2 and p-value

Predictor Category Frequency (%) Frequency (%) Frequency (%)

Body mass index Underweight 653 (66) 150 (15.2) 186 (18.8) 12.589 (0.013)

Normal 4,280 (64.8) 1,045 (15.8) 1,280 (19.4)

Overweight 495 (59.9) 132 (15.9) 200 (24.2)

Toilet Unimproved 4,784 (65.1) 1,153 (15.7) 1,407 (19.2) 13.452 (<0.001)

Improved 635 (60) 174 (16.4) 250 (23.6)

Source of drinking water Improved 2,440 (64.9) 629 (16.7) 690 (18.4) 11.31 (0.004)

unimproved 2,988 (64.1) 698 (15) 976 (20.9)

Cooking fuel Other 1,509 (64.2) 404 (17.2) 439 (18.7) 6.279 (0.043)

Wood/straw 3,919 (64.2) 923 (15.2) 1,227 (20.2)

FIGURE 5

Spatial distribution of anemia on pregnant women in Ethiopian administrative zones.

Where ρWy is a form of auto-covariance and is a weighted

average of the number of events among the ki neighbors. The

weighting of the average location of the ijth is through Wij

= 1/hij where hij is the Euclidean distance between the village

i and j. ŷi is the alleged existence of an event and β is the

regression coefficient.

The data were analyzed on SAS version 9.4 with Proc logistic

command; ArcGIS version 10.4, and SPSS version 26 were used in

the data management.

Result

Explanatory analysis

Among a total sample of 8,421 pregnant women

considered 224 (2.7%) were severe, 1,442 (17.2%) moderate,

anemic 1,327 (15.8%) mild anemic, and while among

all pregnant women 5,428 (64.5%) were non-anemic, see

Figure 3.
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FIGURE 6

The estimated prevalence of anemia among pregnant women in Ethiopian administrative zones.

The prevalence of pregnant anemic women in the

survey year 2005, 2011, and 2016 were 542 (34.35%),

1,277 (33.9%), and 1,174 (38.09%), respectively (see

Table 1). Besides, Figure 4 revealed the prevalence of

anemic pregnant women across the region. The highest

number of anemic women was noticed in Somali, Afar, and

Dire Dawa.

About 4,290 (50.94%) were found to be aged 30–39 years.

The majority of 6,277 (74.54%) mothers did not have formal

education. Among the total, 6,394 (76%) of the pregnant women

were not working, and 3,920 (46.55%) were Muslim. Out of

the total, 67.24% used unimproved water sources. The majority

of the pregnant women (90.25%) lived in rural areas, and

2,783 (33.04%) had the poorest wealth index. Concerning the

number of household members, having four up to six-member

households covers 4,027 (47.82%) of the total and more than

half of the pregnant women used wood/straw cooking fuel

(Table 2).

The chi-square statistics presented in Table 3 indicate anemia

level among pregnant women was significantly associated with

categorical predictor variables such variables are highly associated

with anemia levels among pregnant women. The region, wealth

index, number of household members, age category, religion,

pregnant currently working, education level of the mother,

cooking fuel, survey year, source of drinking water, types of

toilet, body mass index, and preceding birth interval (p-values

< 0.05).

Spatial analysis

Spatial distribution of anemia
Each point on the map was characterized by the prevalence of

anemia in each zone. The leaf green color indicates the zones with

a low distribution of anemia, whereas the mars red color indicates

zones with a high distribution of anemia (Figure 5).

Spatial interpolation of anemia
Ordinary Kriging interpolation technique, the mars red ramp

color on the map indicates the predicted highest prevalence of

anemia and the leaf green ramp color on the map indicates

the lowest predicted prevalence of anemia (see Figure 6). Based

on the result of predicted values for the prevalence of anemia

in 2005, the southern part of Ethiopia would be affected by

anemia. The prevalence of anemia has decreased since the

2011 EDHS, but the predicted prevalence of anemia in 2016

shows that the distribution of anemia has increased in Ethiopian

administrative zones.

Hot spot analysis

A hot spot analysis was performed to identify the high-

risk and low-risk areas for the prevalence of anemia among

pregnant women in Ethiopian administrative zones. The red color
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FIGURE 7

Hot spot and cold spot identification of anemia among pregnant women in Ethiopia administrative zones.

TABLE 4 Variogram output of autocorrelation statistics across 2005,

2011, and 2016.

Survey year Moran’s index Statistic
(z-value)

p-value

2005 −7.44 ∗ 10−2 −1.090 0.2755

2011 8.1 ∗10−3 0.478 0.3699

2016 −1.1 ∗ 10−2 0.0471 0.9431

indicates significant hot spot (high-risk) areas for anemia and

the blue color indicates the cold spot (low-risk) areas of anemia

(Figure 7).

Spatial autocorrelation, Moran’s tests

We can test the spatial autocorrelation by using

global moans and variogram tests. The Global Moran’s

test revealed that there is no spatial autocorrelation

of anemia among the administrative zones of Ethiopia

for the three consecutive EDHSs data sources

(Table 4).

Table 4 depicted that the neighboring zones are

independent (p-value > 0.05) for the three consecutive survey

years.

TABLE 5 Model comparison.

Type of
model

Observation AIC values LRT p-value

POM 8,421 14,033.633 1,140.796 0.001

PPOM 8,421 13,877.24 1,345.001 0.001

ACLM 8,421 14,016.853 1,157.576 0.001

GOLM 8,421 13,898.918 1,316.429 0.001

Ordinal logistic regression

There are different types of an ordinal logistic regression

models. These are the proportional odds model (POM), partial

proportional odds model (PPOM), adjacent category logit model

(ACLM), and generalized ordered logit model (GOLM). Thus,

before estimating parameters using the appropriate statistical

approach, the model comparison was carried out using AIC and

LRT (see Table 5).

All models were significant in the final fit relative to their

intercept and covariate models, as indicated by a significant LR

test. A model with the smallest value of AIC or with the largest

values of LRT was considered a good model and preferable.

PPOM has the lowest AIC and highest LR values (13,877.24

and 1,345.001, respectively) compared to the others (Table 5). For

ordinal dependent variables with J categories, there are J−1 binary
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models to conduct a series of comparisons. In this study, the

response variable has three categories and there are two possible

binary comparisons: moderate anemia and above vs. mild anemia

and non-anemic and moderate and mild anemia vs. non-anemic.

Partial proportional models

The logistic command was used to fit the partial proportional

model. In this model, restrictions of parallel lines were imposed on

some variables to meet the assumption while others, like wealth and

EDHS, were not. The PPOMused a series ofWald tests to check the

assumption of proportionality for the categories of all explanatory

variables (see Tables 6, 7).

The result of this study revealed that the age of pregnant women

aged 20–29, 30–39, and 40–49 was 46.9% (OR = 0.531, CI: 0.334–

0.842), 42.9% (OR = 0.571, CI: 0.359–0.908), and 45.8% (OR =

0.542, CI: 0.33–0.89) less likely to be moderate anemic rather than

normal andmild anemic pregnant women as compared to pregnant

women whose age was<20 years, respectively.

For pregnant women who lived in Afar, Somalia, Harari, and

Dire Dawa region the odds of being moderate and above anemic

increased by a factor of 3.556 (OR = 3.556, CI: 1.735–7.286),

2.745 (OR = 2.745, CI: 1.465.158), 2.433 (OR = 2.433, CI: 1.467–

4.033), and 5.469 (OR = 5.469, CI: 3.407–9.043) times rather

than not anemic and mild anemic pregnant women compared

to who lived in Amhara region keep all other variables constant.

Compared to pregnant women from the household who had

consumed water from an improved source, the odds of being

moderate and above anemia increased by a factor of 1.192 times

percent (OR = 1.192, CI: 1.038–1.369) rather than mild and

normal anemia among pregnant women from households who

had consumed unimproved source of water holding all other

variables constant. Pregnant women from Afar, Tigray, Gambella,

and Harari regions were 2.116 (OR = 2.116, CI: 1.143–3.918),

3.53 (OR = 3.53, CI: 2.393–5.211), 11.766 (OR = 11.766, CI:

1.164–2.679), and 2.052 (OR = 2.052, CI: 1.404–3.00), respectively

times more likely mild and above anemia rather than non-anemic

pregnant women compared to pregnant women from Amhara

holding all other variable constant. Compared pregnant women

from 1 to 3 number household members, the pregnant women

from 4 to 6 and 7 to 9 number household members were 51%

(OR = 1.51, CI: 1.175–1.94) and 43.2% (OR = 1.432, CI: 1.183–

1.734) more likely to be mild and above anemia, holding all

other variables constant. The pregnant women whose religions

were catholic and other 61.5% (OR = 0.385, CI: 0.183–0.813)

and 88.7% (OR = 0.113, CI: 0.029–0.436) were less likely to

be mild and above anemic rather than not anemic compared

to pregnant women whose religion was Muslim keep all other

variables were constant.

Predictors that satisfied parallel line
assumption

The result of PPOM revealed that holding all other variables

constant, compared to the pregnant women from households with

the poorest wealth index, the risk of anemia decreased by 15.9%

(OR= 0.841, CI: 0.72–0.983) and 51% (OR= 0.49, CI: 0.409–0.586)

for the pregnant women whose household wealth index was middle

and richest respectively rather than normal. As compared to the

pregnant women from the 2016 survey year, the pregnant women

from the 2011 survey year were 29.9% (OR = 0.701, CI: 0.631–

0.777) less likely to be moderate, severe, and mild anemic rather

than not anemic, keeping all other variables constant.

Discussion

Themain purpose of this study was to investigate the associated

factors and the spatial distribution of anemia among Ethiopian

administrative zones using 2005, 2011, and 2016 EDHS. The

factors/variables in this study were education level, age group of

mother, place of residence, region, religion, source of drinking

water, wealth index, cooking fuel, types of toilet, preceding birth

interval, body mass index, pregnant currently working, survey

years, and number of household members. The prevalence of

anemia levels for pregnant women varied among regions. The

highest proportion of moderate anemia and above was at Dire

Dawa, followed by Afar, and mild anemia at Harari, followed by

Afar. Pregnant women from Amhara, followed by Addis Ababa,

had the highest proportions of non-anemia. The lowest proportions

of moderate anemia and above were observed in Addis Ababa,

followed by SNNP and Amhara.

In this study, the adjacent category logit model, generalized

ordered logit model, partial proportional odds model, and

proportional odds model were fitted to the data, and comparisons

of models were made. Thus, the best fit according to AIC and LRT

is PPOM, and it was used to identify significant determinants of

anemia levels. Parameter estimates of the PPOM are presented and

interpreted for the significant predictors (at a 5% significance level).

Significant factors associated with anemia level in pregnant women

include the mother’s age group, region, religion, and source of

drinking water; wealth index; the number of household members,

and EDHS. The regional differences of distribution of maternal

anemia may be because of the health facilities access, weather

condition, and types of consumption across region are different.

Our study showed that the wealth index has a significant

association with anemia levels among pregnant women. The study

found that pregnant women from the richest and middle-class

households had a lower risk of anemia than pregnant women from

the poorest households. This result is in line with studies done in

Ethiopia (35, 36). Based on spatial analysis, the highest prevalence

of anemia was in North West Tigray, Waghimra, Oromia special

woreda, West shewa, East shewa, North shewaR4, East harargie,

Selti, Alaba, Sidama, Segen people, and South Omo, Afar zone5

and zone3 and Somali Siti, whereas the lowest prevalent zones

were Afarzone4, Huru guduru, West harargie, Gurague, Yem,

konta, KT, and Gamo Gofa but Shewa (R3) administrative zone

was a high-risk area, and Sheka, Majang, Illubabor, and West

Wollega were low-risk areas of anemia based on the nearest

EDHS data.

The finding of this study revealed that the age of the mother

had a significant effect on the anemia level of pregnant women.

Pregnant women whose age was <20 years more likely to be
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TABLE 6 Maximum likelihood estimates of partial proportional odds model.

Predictors Category Coe�cient p-value OR 95% CI (OR)

Moderate and above vs. mild and not anemic

Poorest (ref.) 0.0000 1.000

Poorer −0.0233 0.7425 0.977 0.850–1.122

Wealth Middle −0.17320 0.0292∗ 0.841 0.720–0.983

Richer −0.1255 0.1103 0.882 0.756–1.029

Richest −0.7140 <0.0001∗ 0.490 0.409–0.586

Muslim (ref.) 0.0000 1.000

Catholic −0.2591 0.6021 0.772 0.291–2.044

Orthodox 0.0456 0.7258 1.047 0.811–1.351

Religion Other 1.3793 0.0967 3.972 0.7802–0.221

Protestant 0.0111 0.9357 1.011 0.772–1.324

Traditional −0.1031 0.7243 0.902 0.509–1.600

EDHS 2005 −0.0251 0.709 0.975 0.855–1.113

2011 −0.0356 <0.001∗ 0.701 0.631–0.777

2016 (ref.) 0.0000 1.000

SNNP −0.1314 0.6246 0.877 0.518–1.484

Addis Ababa −0.8263 0.1795 0.438 0.131–1.463

Afar 1.2686 0.0005∗ 3.556 1.735–7.286

Tigray −0.2688 0.4386 0.764 0.387–1.509

Region Ben-Gumz 0.3499 0.1322 1.419 0.900–2.238

Gambella 0.5922 0.0419 1.808 1.022–3.198

Harari 0.8888 0.0006∗ 2.432 1.467–4.033

Oromiya −0.1309 0.5766 0.877 0.554–1.389

Somalia 1.0097 0.0017∗ 2.745 1.460–5.158

Dire-Dawa 1.6990 <0.0001∗ 5.469 3.307–9.043

Amhara (ref.) 0.0000 1.000

1–5 (ref.) 0.0000 1.000

Household member 4–6 −0.0990 0.5076 0.906 0.676–1.214

7–9 0.0704 0.5234 1.073 0.864–1.332

≥10 −0.0513 0.6418 0.950 0.765–1.179

SDW Unimproved 0.1758 0.0128∗ 1.192 1.038–1.369

Improved (ref.) 0.0000 1.000

<20 (ref.) 0.0000 1.000

20–29 −0.6335 0.0072∗ 0.531 0.334–0.842

Age group 30–39 −0.5598 0.0179∗ 0.571 0.359–0.908

40–49 −0.6133 0.0155∗ 0.542 0.33–0.89

Constant −1.8966 <0.0001∗ 0.150 0.082–0.276

∗Significant variable.

SDW, Source of Drinking Water; EDHS, Ethiopian Demographic and Health survey year; ref., Reference.

moderate and above anemia as compared to pregnant women

whose age was >20 years which is similar to a previous study

conducted by Woldegebriel et al. (14). As a result of this research,

a number of household members had significantly affected anemia

levels among pregnant women. This indicates that as the number of

household members increased, the risk of anemia among pregnant

women also increased. This finding fitted with the study done in

Tanzania (36).
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TABLE 7 Maximum likelihood estimates of partial proportional odds model.

Predictors Category Coe�cient p-value OR 95% CI OR

Mild and above vs. not-anemic

Poorest (ref.) 0.0000 1.000

Poorer −0.0233 0.7425 0.9770 0.850–1.122

Middle −0.1732 0.0292∗ 0.841 0.720–0.983

Wealth Richer −0.1255 0.1103 0.882 0.756–1.029

Richest −0.7140 <0.0001∗ 0.490 0.409–0.586

Muslim (ref.) 0.0000 1.000

Catholic −0.9536 0.0123∗ 0.385 0.183–0.813

Religion Orthodox −0.0146 0.8762 0.986 0.820–1.184

Other −2.1768 0.0015∗ 0.113 0.029–0.436

Protestant −0.0455 0.6501 0.956 0.785–1.163

Traditional −0.0967 0.6625 0.908 0.588–1.401

EDHS 2005 −0.0251 0.709 0.975 0.855–1.113

2011 −0.0356 <0.001∗ 0.701 0.631–0.777

2016 (ref.) 0.0000 1.000

Amhara (ref.) 0.0000 1.000

SNNP −0.1092 0.5735 0.897 0.613–1.311

Addis Ababa −0.6401 0.0702 0.527 0.264–1.054

Region Afar 0.7497 0.0170∗ 2.116 1.143–3.918

Tigray 1.2617 <0.0001∗ 3.531 2.393–5.211

Ben-Gumz 0.1087 0.5249 1.115 0.797–1.559

Gambella 0.5685 0.0075∗ 1.766 1.164–2.679

Harari 0.7188 0.0002∗ 2.052 1.404–3.000

Oromiya −0.2396 0.1588 0.787 0.564–1.098

Somalia 0.2953 0.2744 1.344 0.791–2.282

Dire-Dawa 0.3590 0.1851 1.432 0.842–2.435

1–5 (ref.) 0.0000 1.000

Number of household

member

4–6 0.4122 0.0013∗ 1.510 1.175–1.940

7–9 0.3592 0.0002∗ 1.432 1.183–1.734

≥10 0.0753 0.4015 1.078 0.891–1.305

SDW Unimproved −0.0382 0.5515 0.962 0.849–1.092

Improved (ref.) 0.0000 1.000

<20 (ref.) 0.0000 1.000

20–29 −0.1137 0.6101 0.892 0.576–1.382

Age group 30–39 0.0968 0.6663 1.102 0.709–1.711

40–49 0.0733 0.7560 1.076 0.678–1.708

Constant −1.4175 <0.0001∗ 0.242 0.142–0.414

∗Significant variable.

SDW, Source of Drinking Water; EDHS, Ethiopian Demographic and Health survey year.
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The findings of this study revealed that the source of drinking

water had a significant effect on the level of anemia among pregnant

women. This showed that pregnant womenwho drank unimproved

water were more anemic compared to those who drank improved

water, which is similar to a previous study conducted by Berhe et al.

(37).

The current study identified that religion was a significant effect

on anemia among pregnant women. The risk of anemia among

pregnant women whose religion was catholic was high compared

to those whose religion was Muslim this result was consistent with

the result obtained by Woldegebriel et al. (14).

This study incorporated data from three successive surveys and

considered a simultaneous spatial variation of anemia on pregnant

women. Thus, the findings generated from this research would

improve the findings of cross-esctional studies so far and will help

policymakers implement appropriate policy measures. This study

has a number of drawbacks. The survey from which the data for

this study were gathered was conducted in three waves of 5 years

each: in 2005, 2011, and 2016. As a result, prevalence of anemia on

pregnant women are noticeable within 5 years. Another weakness

of the study might be attributed to the memory bias in the cross-

sectional DHS data. Using the most recent survey data, we advise

additional research.

Conclusion

About over one-third of the expectant mothers (34.5%)

were anemic to varying degrees. The prevalence of anemia in

2005 in the southern region of Ethiopia would be significantly

impacted by anemia, according to the outcome of forecasted

values. According to data from the fourth EDHS, the areas

with the highest prevalence of anemia were West Shewa,

Waghimra, Oromia special woreda, and North West Tigray.

Anemia levels in pregnant women were significantly influenced

by factors including location, wealth index, drinking water

source, household size, mother’s age, religion, and EDHS. Women

who were expecting were less likely to develop moderate or

higher levels of anemia if their income index was higher

and they drank superior water. Pregnant women with 1–3

family members who were less likely to have mild or above-

average anemia.
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