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Abstract

Background: Anemia is a serious public health problem that occurs when the blood contains fewer red blood cells
than normal. In Ethiopia, the prevalence of anemia in pregnancy increased between 2005 and 2016. The aim of this
study was to determine what factors influence the anemia status of pregnant women in Ethiopia.

Methods: Anemia status in a sample of 1053 pregnant women was studied using data from Ethiopia’s Demographic
and Health Survey 2016. Percentages and graphs were used to show the prevalence of anemia. The marginal prob-
ability effect was used to determine the contribution of each explanatory variable category to a single response cat-
egory of anemia level. Ordinal logistic regression models were constructed, and the best-fitting model was selected
to reveal significant anemia status variables.

Results: The prevalence of anemia in pregnant women was found to be 37.51% (3.04% severe, 17.28% moderate,
and 17.1% mild anemic). The fitted partial proportional odds model revealed that anemia status of pregnant women
was significantly associated with region afar (OR =0.45; Cl: 0.21-0.96), antenatal care visits above 4 (OR=1.58; Cl:
1.03-2.43), parity between 1-2 (OR=0.47,Cl: 0.26-0.85), iron taking (OR=3.68;Cl: 2.41-5.64), and higher education
(OR=4.75,Cl: 2.29-9.85).

Conclusions: Anemia among pregnant women has been identified as a moderate public health issue in Ethiopia.
The study revealed that the prevalence of anemia varied among regions which the highest (65.9%) and the lowest
(9%) being from Somali and Addis Ababa, respectively. As a result, it is argued that treatments target iron consump-
tion, maternal education, antenatal visits, and mothers'access to health care.

Keywords: Anemia, Pregnant women, Ordinal logistic regression, Partial proportional odds model, Marginal effect,
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Introduction common causes of anemia during pregnancy, as they

Anemia is a worldwide public health issue that affects
about 1.62 billion people. Heavy menstrual bleeding and
parasite infections such as malaria and HIV are the most
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lower hemoglobin levels in the blood [1].

Prenatal anemia is most prevalent in developing coun-
tries and accounts for 95.7% of the global burden. Ane-
mia is one of the most critical public health problems in
the world. It affects 41.8% of pregnant women worldwide,
with rates ranging from 5.7% in the United States to 75%
in the Gambia. [2]. In Africa, nearly half of all anemia
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cases (46.3%) occurred during pregnancy [3]. Anemia
lowers hemoglobin levels, which promotes alterations in
placental angiogenesis, restricting oxygen supply to the
fetus and, as a result, causing intrauterine growth restric-
tion and low birth weight [4].

Anemia, defined as a hemoglobin concentration in the
blood of less than 110 g/L, is the second most common
cause of disability in the biosphere. Clinical assessment
(conjunctival pallor testing) is a common method of diag-
nosing anemia, but it is imprecise. The African National
Congress uses the healthcare incident command sys-
tem (HICs) to perform a comprehensive blood count
and assess the blood hemoglobin level (ANC). However,
incorporating this and other established tests in to rural
LMIC settings may be prohibitively expensive, difficult to
administer, or impractical [5].

In underdeveloped nations, such as Ethiopia, anemia
is a major and widespread public health issue. During
pregnancy, it causes a variety of issues and difficulties for
both the fetus and the mother. According to an Ethio-
pian demographic and health survey study, one-fifth
of reproductive-aged women (15-49) are anemic, with
severe, moderate, and mild anemia accounting for 1%,
3%, and 13%, respectively [6, 7]. According to the Ethio-
pian Demographic and Health Survey [8] report, 24% of
women of reproductive age were estimated to be ane-
mic and 29% of pregnant or breastfeeding women were
anemic. Among women who had a live birth five years
prior to the survey, the prevalence of anemia decreased
from 20% in 2005 to 13% in 2011, and the data for 2011
revealed a much broader gap in the prevalence of ane-
mia between pregnant (29.9%) and non-pregnant women
(10.8%) [9].

Although several studies have been conducted in Ethi-
opia, they used a limited number of variables and small
sample sizes without indicating the severity of anemia
status in pregnant women, and these studies did not con-
sider the impact of each explanatory variable on a single
anemia status category. Therefore, the current study was
conducted at the national level using 2016 EDHS data
to determine the anemia status of pregnant women and
identify relevant risk factors.

Methods

Data source

The data for the analysis came from 2016 Ethiopian
Demographic and Health Survey (EDHS). It is the fourth
comprehensive and nationally representative, cross-
sectional, population and health survey conducted by
the Central Statistical Agency in collaboration with the
Federal Ministry of Health (FMoH) and the Ethiopian
Public Health Institute (EPHI) with technical assistance
from ICF International, and financial as well as technical
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support from development partners. The 2016 EDHS
sample was stratified into urban and rural areas and then
selected in two stages.

A total of 645 enumeration areas (EAs) with an aver-
age of 181 households were chosen in the first stage, with
probability proportional to EA size (202 of them were
from urban areas, while 443 were from rural areas). In
the second stage, systematic sampling was used to choose
28 households per EA. For the survey, a total of 17,067
households were occupied. A total of 16,650 women
were successfully questioned, resulting in a 98 percent
response rate. A total of 15,683 women were chosen for
the sample from Ethiopia’s nine regions and two city
administrations, of whom 1,122 were pregnant and 1,053
were successfully questioned [10].

Data extraction method

After receiving approval from the EDHS program, the
2016 EDHS data were obtained from the DHS program
website (http://www.dhsprogram.com). Based on the
existing literature, data cleaning, extraction, variable
selection, and recoding of the classification of some cat-
egorical variables were completed. Sampling weights
were used to account for unequal selection probability
between strata.

Inclusion-exclusion criteria

All pregnant women with known hemoglobin levels
were included in this study, while women with unknown
hemoglobin levels were excluded.

Variables of the study

Dependent variable

The outcome variable was the anemia status of pregnant
women aged from 15 to 49. It was determined based on
hemoglobin concentrations in the blood. Anemia was
defined as the occurrence of hemoglobin levels less than
11 g/dL. It was further categorized in to severe, moder-
ate, mild and not anemic with hemoglobin ranges<7.0 g/
dl, 7.0—9.9 g/dl, 10.0—10.9 g/dl, and>11.0 g/dl respec-
tively [10, 11].

According to WHO, the prevalence of anemia should
be less than 5% and is defined as a mild public health
problem at a prevalence of 5% to 19.9%, a moderate prob-
lem at a prevalence of 20% to 39.9%, and a severe prob-
lem at a prevalence of 40.0% or more [12].

Explanatory variables

The selections of explanatory variables were theoreti-
cally driven that draw support from prior research with
regard to factors affecting pregnant women’s hemoglobin
levels. Previous studies have been referenced in creating
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categories for naturally continuous and discrete variables
[13-16] (Table 1).

Statistical analysis

We examined the data for completeness and consist-
ency once it was extracted, and then we completed the
preliminary analysis. Descriptive and inferential statistics
were used to analyze the data. Different tools, such as fre-
quency distributions, percentages, and graphs, were uti-
lized in descriptive statistics to demonstrate the anemia
status of pregnant women.

To determine the relationship between each explana-
tory variable and the outcome variable, a Chi-square test
was used (anemia status).

In the final multivariable logistic regression analysis,
factors having a p-value less than 0.15 in the bivariate
analysis were included. The variance inflation factors test
(VIF <10) was used to check for multi-co-linearity of the
explanatory variables, and no co-linearity was observed
between the candidate variables (all the candidate vari-
ables had a VIF value of less than 3). The factors of ane-
mia were discovered using the ordinal logistic regression
approach. Variables with p-values less than 0.05 were
judged to have a statistically significant association with
anemia status in the final model. The strength of the link
was assessed using an odds ratio with a 95% confidence
interval. Data were analyzed using SPSS version 20 and
STATA version 15.

Ordinal logistic regression model

Logistic regression is the basic and popular modeling
approach when the dependent variable is dichotomous or
polytomous. When the dependent variable has more than
two categories, it may be ordered or unordered. Ordinal
logistic regression models are used to model the rela-
tionship between independent variables and an ordinal
response variable when the response variable category
has a natural ordering [17]. The proportional odds model
estimates the odds of being at or below a particular level
of the response variable. It considers the probability of
that event and all events before it. If the proportional
odds assumption, i.e., the relationship between the inde-
pendent variables and the dependent variable, does not
change as the dependent variable’s categories is not met,
then other different ordinal models are used to identify
important explanatory variables.

When the proportional odds assumption is met for
some but not all explanatory variables, the partial pro-
portional odds model (PPOM) is used, whereas the
generalized ordered logit model (GOLM) is used when
the proportionality constant can be completely or par-
tially relaxed for the set of explanatory variables [18].
The continuation ratio logistic model (CRM) compares
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the probability of response to a given category with the
probability of higher response. The construction of adja-
cent-categories logit recognizes the ordering of response
variable categories and determines the logits for all pairs
of categories [19].

Parameter estimation

STATA was used to fit all of the above models to the data
set (version 15). The variables were chosen with care and
from a survey of the literature. The "ologit" command
was used to fit the proportional odds model, and then
the "Brant" test was used to evaluate the parallel line
assumption. For ordinal logistic regression, the model
parameters are estimated by the maximum likelihood
estimation (MLE) techniques. In general, the method of
maximum likelihood produces values of the unknown
parameters that best match the predicted and observed
probability values. Therefore, it usually uses a very effec-
tive and well known Fisher scoring algorithm to obtain
ML estimates [20].

Model selection

In the case of logistic regression, the model selection
criteria based on their results, reasonableness, and fit as
measured, will be taken as AIC/ BIC. The log-likelihood
value of the models is used to compare the ordinal logis-
tic model, i.e., the model with a higher log-likelihood is
considered as better fitted. Akaike Information Crite-
rion (AIC) and Baye’s Information Criterion (BIC) are
used to compare models, and the model with the small-
est absolute AIC and BIC statistic is considered the best
model [21].

Test of overall model fit

The overall model fit in ordinal logistic regression is
based on the change in minus2 log-likelihood when the
variables are added to a model that contains only the
intercept. McFadden’s pseudo R-squared statistic was
used to compute based on the log likelihood for the
model with predictors compared to the log-likelihood for
the model without predictors [22], and the significance
of individual explanatory variables in the model was
checked by using the Wald test. The Pearson and devi-
ance goodness-of-fit test was used to measure the good-
ness of fit for the model.

Marginal effects

The average marginal probability effects of predictors on
a single level of the response variable are not achievable
in ordinal logistic regression. For categorical independ-
ent variables, marginal effects are easier to understand
and utilize than marginal effects for continuous vari-
ables. After adjusting for the other factors in the model,
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the ME for categorical variables shows how P(Y) varies as
the categorical variable moves from one to the other. It’s
a typical manner of responding to the question, "What
effect does the predictor have on the likelihood of the
event occurring?” [23].

The average marginal effect (AME) is a measure of
the overall effect of the predictors that is used to assess
the sorts of associations and magnitudes between
explanatory variable levels and response probability
levels [24, 25]. The means are just one of many sets of
values that could be utilized, and none of them would
have sounded problematic to a real person [26].

Results

Socio-demographic and other characteristics of study
participants

This research was based on EDHS 2016 data. A total
sample of 1,053 pregnant women at the reproductive
age (15-49) was included in this study from those 32
(3.04%) were severely anemic, 214(20.32%) were severe
or moderate anemic and 395 (37.51%) were severe, mod-
erate or mild anemic while among all pregnant women
658(62.49%) were non-anemic (Fig. 1).

Table 1 shows the distribution of anemia status among
pregnant women based on demographic, socioeconomic,
and other factors. A total of, 1053 pregnant women were
sampled, with 705 (66.9%) from rural areas and the rest
from urban areas. Severe, moderate, mild, and non-ane-
mia were found in 4.4%, 21.42%, 20.71%, and 53.48% of
pregnant women from rural areas, respectively. In urban
regions, about 80.75% of pregnant women were anemic,
while in rural areas, about 53.48% were.

The percentage of pregnant women with severe and
moderate anemia was higher in the age group over 40,
but the proportion of pregnant women without anemia
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was higher in the age group 15-24. Severe, moderate, and
mild anemia was found in higher proportions in pregnant
women from the poorest households (Table 1).

The proportions of severe and moderate anemia status
were decreased as the number of antenatal care visits of
pregnant women increased while the proportion of non-
anemic increased, with the number of antenatal care vis-
its. Pregnant women who had no child developed a lower
proportion of severe, moderate, and mild anemia levels
than pregnant women who had one/ more children. As
the number of births within the last five years for preg-
nant women increased, the proportion of non-anemia
decreased from 90.83% in no birth to 28.31% in the above
two births.

The percentages of severe, moderate, and mild anemia
were higher in pregnant women who didn't take iron
but had a lower proportion of not anemic than pregnant
women who took iron pills (Table 2).

Ordinal logistic regression analysis
A chi-square test of association was performed before
the ordinal logistic regression model was run, and
then significance explanatory factors were put into the
model at a 15% level of significance. Because the paral-
lel line assumption was violated by the Brant test (chi-
square =100.55, p-value=0.015), the proportional odds
model was ruled out, and the data was fitted with par-
tial proportional, generalized ordered logit, continuation
ratio, and adjacent category logit models. Finally, a model
comparison was performed (Table 2). The best match,
according to AIC and BIC values, is PPOM, which has
the smallest AIC and BIC (Table 2).

The Pearson goodness of fit test supported that
the PPOM model was well-fitted to the data (chi-
square =751.99, p-value=1.00). Thus, PPOM was used

Fig. 1 Anemia status among pregnant women’s, EDHS 2016 (n=1053)
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Table 1 Socio-demographic and other characteristics of
pregnant Women's anemia status, EDHS 2016 (n=1053)
Anemia status
Variables Severe Moderate Mild Non Total

Count (%) Count (%) Count(%) anemic

Count (%)

Age groups
15-24 14(3.64) 64(16.62) 62(16.10)  245(63.64) 385
25-34 12(2.40) 92(18.12) 84(16.7) 315(62.62) 503
35-39 4(3.45) 17(14.66)  26(2241)  69(59.48) 116
Above 40 2(4.08) 9(18.37) 9(18.37) 29(59.18) 49
Residence
Urban 1(0.29) 31(8.91) 35(10.06)  281(80.75) 348
Rural 31(4.40) 151(21.42) 146(20.71) 377(53.48) 705
Educ. Level
No educa- 25(5.06) 124(25.10) 88(17.81)  257(52.02) 494
tion
Primary 7(3.80) 42(22.83) 56(3043)  79(42.93) 184
Secondary  0(0.00) 8(3.52) 30(13.22)  189(83.26) 227
Higher 0(0.00) 8(541) 7(4.73) 133(89.86) 148
Wealth index
poorest 24(6.33) 94(24.8) 72(19.00)  189(49.87) 379
Poorer 3(1.68) 34(18.99) 25(13.97)  117(65.36) 179
Middle 1(0.71) 17(12.06) 23(16.31)  100(70.92) 141
Richer 2(1.54) 15(11.54) 24(1846)  89(68.46) 130
Richest 2(0.89) 22(9.82) 37(16.52)  163(72.77) 224
Antenatal visit
No /don't 23(5.09) 106(23.45) 73(16.15)  250(55.31) 452
know
1-3 8(2.50) 48(15.00) 64(20.00)  200(62.5) 320
Above 4 1(0.36) 28(9.96) 44(15.66)  208(74.02) 281
Religion
Orthodox 1(0.36) 20(7.22) 37(13.36)  219(79.06) 277
Muslim 28(4.84) 140(24.22)  111(19.20) 299(51.73) 578
Others 3(1.52) 22(11.11) 33(16.67)  140(70.71) 198
Parity
No child 1(0.38) 11(4.23) 13(5.00) 235(90.38) 260
1-2 3(1.06) 26(9.19) 44(15.55)  210(74.20) 283
3-5 6(2.29) 49(18.70)  42(16.03)  165(62.98) 262
Above 6 22(8.87) 96(38.71) 82(33.06)  48(19.35) 248
Birth in 5 years
No birth 1(0.29) 10(2.87) 21(6.02) 317(90.83) 349
One birth 5(1.32) 54(14.25) 71(18.73)  249(65.70) 379
Above 2 26(8.00) 118(36.31) 89(27.38)  92(28.31) 325
birth
Smoking status
No 32(3.08) 179(17.21)  179(17.21)  650(62.50) 1040
Yes 0(0.00) 3(23.08) 2(15.38) 8(61.54) 13
Occupation
Not working  28(4.40) 121(19.00) 115(18.05) 373(58.56) 637
Agricultural — 1(0.51) 26(13.33)  33(16.92)  135(69.23) 195
Non agricul-  3(1.36) 35(15.84) 33(14.93)  150(67.87) 221
tural
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Table 1 (continued)
Anemia status
Variables Severe Moderate Mild Non Total

Count (%) Count (%) Count (%) anemic
Count (%)

Visithealthfac12mo
No /don't 22(4.64) 92(19.41) 76(16.03)  284(59.92) 474
know
Yes 10(1.73) 90(15.54) 105(18.13) 374(64.59) 579
Marital status
Unmarried 3(7.32) 4(9.76) 5(12.20) 29(70.73) 41
Married 29(2.87) 178(17.59) 176(17.39) 629(62.15) 1012
Iron taking status
No /don't 31(4.37) 168(23.66) 146(20.56) 365(51.41) 710
know
Yes 1(0.29) 14(4.08) 32(10.20)  293(85.42) 343

Table 2 AIC, BIC and Pseudo R2 for all five ordinal models

Model Obs DF AIC BIC Pseudo R?
POM 1,053 39 1462.679 1656.095 0.3465
PPM 1,053 51 1426.994 1619.924 0.3746
GOM 1,053 110 1479272 2024.805 0.4057
CRM 1,053 63 1562.733 1875.176 0.3432
ACM 1,053 84 1478.135 1894.725 0.3817

Key: Prob > chi2 =0.0000 for all models

to identify significant determinants of hemoglobin level
and parameter estimates of this model are presented and
interpreted for the significant predictors (at a 5% signifi-
cance level).

Results of Partial Proportional Odds Model (PPOM)

Table 3 shows three contrasting result panels. The con-
trasts are severe versus moderate, mild and not anemic,
severe and moderate versus mild and not anemic, and
severe, moderate and mild versus not anemic.

The variable’s region (Oromia), residency, and par-
ity (above 6) violated the parallel lines’ assumption in
the partial proportional odds model. The model, there-
fore, allows the coefficients of these variables to vary
across the response categories. From the PPOM results,
region, iron taking status, number of births in last five
years, wealth index; the number of antenatal care visits
during pregnancy, visit health facility in last 12 months,
residence type, educational level, and parity were signifi-
cantly related with anemia status of pregnant women.

Predictors that violate the parallel line assumption

PPOM data showed that, when all other variables
were held constant, a pregnant woman in Oromia was
roughly 76% (OR=0.242, p-value=0.030) less likely
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to be moderate, mild, or not anemic than a pregnant
woman in Tigray. The fitted model revealed that pregnant
women in rural locations were roughly 90% (OR=0.1,
p-value=0.021) less likely to be moderate, mild, or not
anemic than pregnant women in urban areas. Similarly,
as compared to pregnant women from urban areas,
pregnant women from rural areas were roughly 60%
(OR=0.402, p-value=0.003) and 79% (OR=0.211,
p-value=0.000) less likely to be moderate or not anemic
and not anemic, respectively.

The result of this study revealed that as compared
to pregnant women having no children, pregnant
women having six or more children were around 86%
(OR=0.137, p-value=0.000) less likely to be moderate,
mild, and not anemic rather than severe anemic. Simi-
larly, compared to pregnant women who had no children,
pregnant women who had six or more children were
roughly 88% (OR=0.122, p-value=0.000) less likely to
be mild or not anemic.

Predictors that do not violate the parallel line assumption
Holding all other variables constant, a pregnant
woman in Afar was more likely to report worth ane-
mia status than pregnant women in Tigray (OR=0.447,
p-value=0.004), according to the results of PPOM.
A pregnant lady in Somali was also less likely to report
better anemia status than a pregnant woman in Tigray
(OR=0.209, p-value 0.001). When compared to preg-
nant women in Tigray, pregnant women in Dire Dawa
were roughly 77% (OR=0.231, p-value 0.011) less likely
to report better anemia status. Holding all other variables
constant, compared with pregnant women who do not
take iron, pregnant women who take iron were around
3.7 (OR=3.685 CI=2.407-5.642) times more likely to
report better anemia status. Holding other variables con-
stant, pregnant women having one birth in the last five
years tend to report worse anemia status than pregnant
women with no birth in the last five years (OR=0.218,
p-value=0.000). Similarly, compared with a pregnant
woman who have no birth in the last five years, pregnant
women who have had two or more births in the last five
years tend to be more likely to report worse anemia sta-
tus (OR =0.092, p-value = 0.000).

The fitted model showed that compared with the poor-
est pregnant women, the richest pregnant women were
2.1 (OR=2.08, p-value=0.033) times more likely to
report better anemia status. In comparison to pregnant
women who do not visit ANC during pregnancy, the fit-
ted model had shown that pregnant women who visit
ANC more than three times during pregnancy were 1.6
(OR=1.581, p-value=0.036) times more likely to report
better anemia status. Keeping all other variables con-
stant, pregnant women who visit health facilities in the
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last 12 months were 1.5 (OR=1.49, p-value=0.022)
times more likely to be in moderate, mild, or not anemic
than pregnant women who do not visit health facilities in
the last 12 months. Similarly, pregnant women who have
visited a health facility in the last 12 months were 1.5
(OR=1.49, p-value=0.022) times more likely to be mild
or not anemic as compared to pregnant women who have
not visited a health facility in the last 12 months.

Marginal effects

The average marginal effect result (Table 4) revealed a
significant marginal effect for region (Afar, Somali, and
Dire Dawa), educational level, iron taking status, resi-
dence, parity, number of births in the last five years, ANC
visit more than three times, and visit health facility in the
last 12 months.

The fitted AME revealed that as a region shifts from
Tigray to Somali and Dire Dawa, the likelihood of preg-
nant women in Somali and Dire Dawa being non-anemic
decreases by 18 (AME=-0.1825, p-value=0.001) and
17 (AME=-0.168, p-value=0.01) percentage points,
respectively.

When comparing pregnant women in Afar to pregnant
women in Tigray, the probability of being non-anemic
drops by about 9 (AME=-0.0913, p-value=0.038) per-
centage points.

Pregnant women’s chances of being moderately ane-
mic increased by 13.5 (AME=0.135, p-value=0.001)
and 125 (AME=0.125, p-value=0.010) percentage
points as we went from Tigray to Somalia and Dire Dawa,
respectively.

The result of AME showed that the probability of sec-
ondary and higher educated pregnant women’s to be
moderate anemic would decrease by approximately 12
(AME =-0.1236, p-value=0.00) and 11 (AME=-0.1114,
p-value=0.000) percentage points respectively as com-
pared to uneducated pregnant women. Similarly, as com-
pared to uneducated pregnant women, higher educated
pregnant women'’s probability of being non-anemic would
increase by approximately 16 (0.163, p-value=0.000)
percentage points. When compared to pregnant women
who do not take iron pills, the probability of being
severely anemic drops by about 2 (AME=-0.0234,
p-value =0.000) percentage points, whereas the probabil-
ity of being non-anemic rises by about 14 (AME =0.143,
p-value =0.000) percentage points.

Based on the fitted AME model, as residence changes
from urban to rural, rural pregnant women’s prob-
ability of being non-anemic would fall by approxi-
mately 17 (AME =-0.1663, p-value =0.000) percentage
points. As compared to pregnant women who have no
child, Pregnant women’s probability who have six or
more children be severe, moderate and mild anemic
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Table 4 Average marginal probability effects (AMPE) of predictors on anemia status, EDHS 2016 (n=1053)
Predictors Severe Moderate Mild Non anemic
MPE1 P-value MPE2 P-value MPE3 P-value MPE4 P-value
Region Afar 00133 0.015 0.0678 0.000 0.0102 0.020 -0.0913 0.038
Amhara -0.0031 0.539 -0.0224 0.526 -0.0064 0.531 0.0319 0.526
Oromia 0.031 0.079 -0.0544 0.155 0.0259 0.390 -0.0025 0.961
Somali 0.0366 0.001 0.135 0.001 0.0109 0.000 -0.1825 0.001
Benishangul 0.0032 0.607 0.0200 0.609 0.0043 0627 -0.0275 0610
SNNPE -0.0036 0473 -0.0273 0440 -0.008 0421 0.0393 0436
Gambela 0.0054 0479 0.0322 0467 0.0063 0486 -0.0439 0466
Harari 0117 0.157 00616 0.154 -0.095 0278 -0.0836 0.157
AddisAbaba 0.0105 0.345 0.056 0.273 0.0092 0.293 -0.076 0.271
Dire Dawa 0.0320 0.037 0.125 0.010 00112 0.004 -0.168 0.010
Educational Primary 0048 0.753 0013 0.645 0014 0.000 00316 0.000
Level Secondary -0.0346 0.000 -0.1236 0.000 -0.081 0.009 00773 0012
Higher -0.0262 0.000 01114 0.000 -0.0254 0.020 0.1630 0.000
Iron take Yes -0.0234 0.000 -0.093 0.000 -0.026 0.001 0.143 0.000
Residence Rural 0.0345 0.000 0.0486 0.059 0.0832 0.000 -0.1663 0.000
Parity 1-2 0.0082 0.034 0.0503 0.009 003 0.020 -0.0885 0010
(TNCEB) 3-5 00159 0,004 0.0846 0.000 0,044 0.001 -0.1445 0000
Above 6 0.0401 0.000 0.1695 0.000 0.2165 0.000 04261 0.000
Births in last 1Birth 00151 0.000 0.1008 0.000 0.054 0.000 -0.1699 0.000
5 years Above2birth 00376 0.000 0.1800 0.000 0.0682 0.000 -0.2858 0.000
Wealth Poorer -0.0203 0.053 0.0450 0.097 -0.0500 0.045 0.0253 0397
Index Middle -0.0062 0402 -00144 0428 -0.0036 0444 0.0241 0421
Richer -0.0015 0851 -0.0034 0.854 -0.0008 0.854 0.0058 0853
Richest 0.0266 0.074 -0.045 0.021 -0.0075 0.064 0.0789 0.029
Antenatal 1-3 -0.0039 0451 -0.0104 0461 -0.002 0482 0.0164 0458
Visits Above 4 -0.011 0.029 -0.0322 0.041 -0.006 0.101 0.049 0.037
Visit health Yes -0.0107 0.032 -0.0268 0.020 0.0044 0.070 0.0419 0.020
Facility in last12month
would increase by approximately 4(AME=0.0401, Discussion

p-value=0.000), 17 (AME=0.1695, p-value=0.000)
and 22 (AME=0.2165, p-value=0.000) percentage
points respectively whereas the probability of pregnant
women be non-anemic would fall by approximately 43
(AME =-0.4261, p-value =0.000) percentage points.

Holding all other variables constant, the likelihood
of pregnant women having one birth and two or more
births in the last five years being non-anemic would
decrease by 17 (AME=-0.1699, p-value — 0.000) and
29 (AME =-0.2858, p-value =0.000) percentage points,
respectively, compared to pregnant women who have
had no births in the last five years. Pregnant women
who frequent health facilities in the last 12 months
have a lower risk of becoming seriously anemic by
about 1(AME=-0.0107, p-value=0.000) percentage
points than pregnant women who do not visit health
facilities in the last 12 months.

The anemia status of pregnant women was assessed and
classified as an ordinal outcome in this study based on
blood hemoglobin concentration levels. Anemia was
found to be present in 37.51% of pregnant women, with
3.04% being extremely anemic, 17.28% moderately ane-
mic and 17.19% mildly anemic. The data were fitted
with partial proportional odds, generalized ordered
logit, adjacent category logit, and continuation ratio
models, and model comparisons were done. Thus,
PPOM is the best fit based on AIC and BIC values,
and it was used to identify important drivers of ane-
mia status in pregnant women, with PPOM parameter
estimates reported and explained for the significant
predictors (at a 5% significance level). The pregnant
woman’s region, iron taking status, number of births in
the last five years, wealth index, number of antenatal
care visits, health facility visits in the last 12 months,
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residence, educational level, and parity are all signifi-
cant factors related with anemia status.

The study discovered that the pregnant woman’s anemia
status was greatly influenced by her geographic location.
This finding is in line with research from Ethiopia [27-29]
which found that the risk of anemia was higher in the
Afar, Somali, and Dire Dawa regions. When compared to
pregnant women in urban regions, pregnant women from
rural areas were more likely to be in the worst category
of anemia status. This finding is consistent with research
conducted in Ethiopia [30-32] and Tanzania [33]. The
reason for this could be a lack of health-care facilities,
poor health-seeking behavior, or insufficient basic infra-
structure, so concerned bodies are better to act accord-
ingly to eradicate these problems.

The study also discovered that the level of education of
pregnant women is a potential indicator of anemia status.
A woman with primary, secondary or higher education
had a lower likelihood of having a worse anemic status
than a woman with no education. This conclusion is sup-
ported by research from Ethiopia [13, 30], Eastern Africa
[34], and Pakistan [35]. This could be because educated
moms have a better understanding of nutrition and eat
a wider variety of meals, resulting in a decrease in nutri-
tional deficiency anemia and it is better to encourage and
facilitate women education such a problem. Pregnant
women with the highest economic status had the lowest
risk of anemia when compared to those with the lowest
economic status, according to findings from Ethiopian
privies research. Studies in poor nations such as Ethio-
pia[27] and sub-Saharan Africa [36] back with this con-
clusion. This could be due to the fact that having a low
salary means having less money to buy iron-rich foods or
eat a well-balanced diet.

This study’s findings suggest that not only ANC vis-
its during pregnancy, but also trips to health facilities in
the preceding twelve months, can help pregnant women
to minimize their anemia burden. This research is in line
with previous research in southern Ethiopia [37], Tanzania
[38], and sub-Saharan Africa [36]. Pregnant women who
attended ANC follow-up were encouraged to eat iron-
rich foods and take iron-folic acid pills by health profes-
sionals, and prenatal care counseling can assist pregnant
women remember to take iron-rich foods and iron-folic
acid tablets.

Another finding of this study indicated that pregnant
women who took iron were decreased in the risk of ane-
mia. This result is consistent with the past studies [39-42].
The likely explanation for this link is that women require
greater iron supplementation during pregnancy, which
prevents anemia and also aids in the formation and oxy-
genation of blood cells, lowering the risk of anemia [37],
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so the responsible bodies are better to advice the women
to take iron during pregnancy.

Findings of this study showed that the higher the total
number of children ever born, the higher the risk of ane-
mia for pregnant women. This result agreed with studies
in Ethiopia [37, 43] and East Africa [34]. This could be
because having more children could lead to food instabil-
ity in the home and women eating an imbalanced diet.

The study also addressed the individual explanatory
variables’ marginal effect on a single level of anemia. As
a result, the categories Somali, Dire Dawa, higher educa-
tion, iron intake, rural residence, and a total number of
children ever born above six were highly affected by a
single response of anemia.

Strength and limitation of the study
The strength could be the high response rate, and the
study was based on numerous variables by consider-
ing the ordinal property of anemia status. The study also
indicates the marginality of each explanatory variable.
Because the data was obtained before five years, the
EDHS 2016 data utilized in this study may not reflect the
current situation of anemia status of pregnant women
in Ethiopia. Due to numerous missing values, numer-
ous crucial explanatory variables such as vitamin A, ges-
tational age, and HIV status of pregnant women were
omitted from this study. Furthermore, because the EDHS
were a questionnaire-based survey that relied on the
respondents’ memories, recall bias in the data could be a
flaw in this study.

Conclusions
Anemia was present in 37.51% of pregnant women,
according to our findings. According to the results of the
fitted partial proportional odds model, pregnant women’s
region, residence, number of antenatal care visits, parity,
and iron taking status, number of births in the previous
five years, educational level, wealth index, and health
facility visit in the previous 12 months were all found to
be significantly associated with anemia status. Nutrition
counseling and education should aim to raise awareness
of the consumption of iron-rich foods and participation
in antenatal care, and to promote family planning.
Multifactorial therapies are indicated to ameliorate the
anemia status of pregnant women. Policy interventions
aimed at reducing to lower the risk of anemia are best
could be implemented to improve access to health care
by providing basic services. Further research should look
at multilevel analysis to deal with the hierarchical nature
of the data and reduce regional discrepancies in the prev-
alence of anemia in pregnant women in Ethiopia.
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