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Abstract
Objective: This study aimed to identify factors for different levels of anaemia among
Ethiopian women and to estimate the population attributable fraction (PAF).
Design: This study was a detailed analysis of data of the 2016 Ethiopian
Demographic and Health Survey data. Adjusted OR (AOR) with 95 % CI was com-
puted usingmultilevel multinomial regressionmodels, and the PAFwere estimated
using these AOR.
Setting: This study was conducted in Ethiopia.
Participants: Women of reproductive age.
Results: The PAF showed that the proportion of mild anaemia cases attributable to
having no formal education was 14·6 % (95 % CI 3·4, 24·5), high gravidity (≥4) was
11·2 % (95 %CI 1·2, 19·9) and currently breast-feedingwas 5·2 % (95 %CI 0·0, 10·7).
Similarly, the proportion ofmoderate–severe anaemia cases attributable to being in
a rural residence was 38·1 % (95 % CI 15·9, 54·8); poorest wealth quantile, 12·6 %
(95 % CI 2·9, 24·6); giving birth in the last 5 years, 10·5 % (95 % CI 2·9, 18·2) and
unimproved latrine facilities, 17 % (95 % CI 0, 32·5).
Conclusions: The PAF suggest that rural residency, low education, low wealth sta-
tus, high parity, pregnancy and breast-feeding contribute substantially to the occur-
rence of anaemia among women in Ethiopia. Mild anaemia could be reduced by
setting intervention strategies targeting women with low education, multigravida
women and breast-feeding women, while preventing moderate–severe anaemia
may require increasing income and improving living environments through the
accessibility of hygienic latrines.
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Anaemia is a major public health concern among women
in several low-income countries(1). In 2011, the WHO
estimated that nearly 528·7 million women globally were
anaemic, mainly in South East Asian (42 %) and African
regions (39 %)(2). Similarly, about 20·2 million womenwere
severely anaemic, including 0·8 million pregnant women
and 19·4 million non-pregnant women(2). The prevalence
of moderate–severe anaemia is high in African countries(1).

Evidence suggests that specifying anaemia severity lev-
els is important for proper intervention, particularly in set-
tings that require strengthened control efforts to change the
burden of anaemia to lower severity levels(3,4). Ethiopia is
one of the countries with a high burden of maternal under-
nutrition, which exceeds 20 %(5). A recent study indicates

that undernutrition is evenmore worse in pregnant women
and 38 % of them were undernourished(6). Findings from
the 2016 Ethiopian Demographic Health Survey (EDHS)
indicate that anaemia is a moderate public health problem,
and all anaemia levels have increased from 2011 to 2016(7).
Anaemia is a key indicator of poor health amongwomen(8),
and several health problems among women have been
linked to anaemia, including the risk of maternal morbidity
and mortality(9), preterm birth(10), low birth weight(10) and
perinatal death(11). Moderate–severe anaemia could lead
to high blood loss during delivery and the postpartum
period(12), which can be prevented by targeting the main
factors ofmoderate–severe anaemia before andduringpreg-
nancy. Thus, preventing anaemia in women of reproductive
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age can improve maternal and perinatal health conditions(4)

and subsequent pregnancy and birth outcomes.
Worldwide, the main contributing factors for anaemia

are dietary deficiencies, high parity and infections (e.g.
geohelminths)(4,13). Moreover, the risk factors of anaemia
amongwomen in low-income countries are varied, contex-
tual and multifaceted. In sub-Saharan Africa, Fe deficiency,
malaria, low economic status, illiteracy, multiparity and
having an intestinal parasitic infection were the main
predictors of anaemia in women of reproductive age(14).
In Ethiopia, the analysis of previous EDHS data has
indicated that wealth index, use of family planning,
ANC use and breast-feeding for 2 years were factors asso-
ciated with lower odds of having anaemia in lactating
mothers(15) and most other studies have focused on preg-
nant women(16–19). However, there is limited evidence
assessing predictors for anaemia severity levels (mild,
moderate or severe) among women of reproductive age
in Ethiopia(14,20).

Additionally, the impact of different factors of anaemia
among women of reproductive age has not been evaluated
using population attributable fraction (PAF). PAF is an
important tool to measure the impact of factors in the
population. The PAF offer estimates of the proportion of
anaemia cases that could be prevented if a particular factor
was eliminated or at least reduced in the population. PAF
takes into consideration the strength of the association
between factors, the outcome of interest and the preva-
lence of the factors in the population(21). Thus, a high
association between a disease and a factor might have a
low population impact if the factor is rare. Conversely, a
low association between a disease and a factor may have
a high impact on public health if the factor is common(22).
In this sense, the PAF is important for understanding the
public health impact of the factors in the population and
can assist in prioritising public health intervention strate-
gies(23). PAF are useful for indicating where preventive
efforts should be focused to achieve the greatest potential
reductions in the outcome of interest(24).

The aim of this studywas to identify independent factors
for different severity levels of anaemia among Ethiopian
women through amultivariablemultinomial logistic regres-
sion model. This study also aimed to quantify the PAF to
understand the relative contribution of different factors to
the occurrence of anaemia using a large-scale, popula-
tion-based cross-sectional study.

Methods

Study design and setting
This study used data collected in the 2016 EDHS, which was
a population-based cross-sectional study(7) conducted to
provide the latest estimates of key demographic and health.

Indicators
The 2016 EDHS data sets are publicly available from
MEASURE DHS (measuredhs.com).

Sampling and sample size
The 2016 EDHS used a two-stage cluster sampling tech-
nique. The first stage involved selecting 645 clusters (pri-
mary sampling units) with probability proportional to the
size (the number of households in the cluster). The second
stage involved the systematic sampling of households from
the selected clusters. A sample of 18 008 households was
then selected from the clusters. Of this, 16 650 households
were successfully interviewed, with 16 583 eligible women
identified for individual interviews. A total of 15 683
women aged 15–49 years were interviewed, and haemo-
globin (Hgb) levels were measured for 14 923 of them(7).
Data collection took place from 18 January to 27 June
2016 (~5 months).

Measurements
HemoCue was used to measure Hgb levels of women, and
all Hgb values were adjusted for altitude and smoking sta-
tus. Different anaemia levels were defined using WHO cut-
off points(25). Pregnant women with a Hgb value< 11 g/dl
and non-pregnant women with a Hgb level< 12 g/dl were
considered to have anaemia. Similarly, anaemia was classi-
fied according to its severity levels as severe (Hgb value<
7 g/dl) and moderate (7·0–9·9 g/dl) in all women. Mild
anaemia was classified as a Hgb level of 10·0–10·9 g/dl
in pregnant women and a Hgb level of 10·0–11·9 g/dl in
non-pregnant women based on WHO recommenda-
tions(25). For this study, anaemia was grouped into three
categories: (1) non-anaemic; (2) mild anaemia and (3)
moderate–severe anaemia. Due to the small number of
severe anaemia cases, moderate and severe anaemia cases
were merged into a single category for analysis purpose.

The determinant (exposure) variables included for
analysis were age (15–24, 25–34 and 35–49 years), educa-
tional status (no formal education, primary, secondary and
tertiary), marital status (single, married/living together and
divorced/widowed), place of residence (urban and rural),
wealth index (poorest, poorer, middle, richer and richest),
the number of children ever born (0, 1–3 and ≥4), births in
the last 5 years (0 or 1–2), currently pregnant (at the time of
the survey: pregnant and not sure/non-pregnant), currently
breastfeeding (yes and no), current contraceptive use (yes
and no), toilet facility (improved and unimproved) and
water source (improved and unimproved).

Statistical analysis of the data
All analyses were conducted using Stata version 14
(Stata Corp, stata.com). Complex sample analysis methods
were used(26,27), which took into consideration the DHS
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sampling design by incorporating the sampling frame infor-
mation (primary sampling units and strata) and weights in
all analyses, presented as percentages with 95 % CI. Using
Stata, the survey analysis module commands [SVY] were
used to account for the complex sampling design, includ-
ing the sampling weight. The prevalence rate of anaemia
(any, mild and moderate–severe) was estimated in terms
of different factors such as residence, education status,
age, wealth index and gravidity.

The independent predictors of mild and moderate–
severe anaemia were identified using amultinomial logistic
regression model, with non-anaemia used as the reference.
A multinomial regression model was selected for the analy-
sis when it was determined that the assumption of propor-
tional odds was not satisfied for an ordinal logistical model,
as recommended byHosmer and Lemeshow(28). Moreover,
we wanted to estimate a separate coefficient for each cat-
egory (mild and moderate–severe) of the outcome, using
one category (non-anaemia) as the reference. In this regard,
the multinomial model was suitable for estimating the coef-
ficient for each category of the outcome variable. Thus,
multinomial logistic regression could enable the extraction
of more information from the data and prevent the loss of
information due to the collapsing of categories. In addition,
the multinomial logistic regression had further advantages:
(1) it does not assume a linear relationship between the
dependent variable and independent variables, and (2)
normally distributed error terms are not assumed(28).

Given the hierarchical structure of the sample, a multi-
variable multilevel logistic model was initially applied to
assess the associations between different factors and
any anaemia (yes and no) among women in Ethiopia.
Subsequently, multilevel multinomial logistic regression
models were used to identify independent predictors for
different levels of anaemia (mild and moderate–severe
compared with no anaemia). The AOR with 95 % CI was
computed using generalised structural equation models
(Stata command GSEM)(29,30), which allows for the fitting
of complex models and takes into consideration the hierar-
chical structure of the data(31). A P< 0·05 was used as a
measure of statistical significance in the final model. The
random effects (variation of effects) were measured by a
variance partition coefficient(32), which measures the clus-
ter variability in the multi-level models.

PAF were estimated to assess the contribution of each
factor to the occurrence of anaemia (any, mild, moderate–
severe) among women. PAF were estimated by using
AOR from the multivariable logistic regression model for
each variable that was significantly associated with anae-
mia (any, mild, moderate–severe). Estimating attributable
fractions using logistic regression analysis was initiated
by Bruzzi et al.(33), developed by Eide and Gefeller(34),
and was operationalised by Rückinger and colleagues(35).
Ideally, risk ratios would be used to estimate PAF.
However, the OR calculated from cross-sectional and
case-control studies can also be used to compute PAF(24)

when risk ratios are not appropriate or available. Thus,
in this study, OR was used to estimate the PAF because
EDHS was a cross-sectional study and OR was calculated
through logistic regression.

The PAFwere calculated using the following formula(24),
which has been used in different studies(36–38); all of which
estimated PAF using AOR from a cross-sectional or case-
control study.

PAF= P (AOR−1)/AOR

where P is the proportion of women with factors among
cases (ratio of exposed cases relative to a total number
of cases), and AOR is the adjusted OR (the association
between factors and anaemia).

Results

Sociodemographic characteristics and prevalence
of anaemia
The proportion of mild and moderate–severe anaemia
among women was estimated to be 17·8 % (95 % CI 16·7,
19·0 %) and 5·8 % (95 % CI 4·9, 6·8 %), respectively
(Table 1). A higher prevalence rate of any anaemia was
observed among women who had higher gravidity (≥4)
(28·8 % (95 % CI 26·7, 30·9 %)) compared with women
who had no previous births (18·2 % (95 % CI 16·4,
20·1 %)). The prevalence of any anaemia was significantly
greater in pregnant women (29·1 % (95 % CI 24·9, 33·7 %))
than non-pregnant women (23·2 % (95 % CI 21·6, 24·9 %)).
Similarly, a higher prevalence of moderate–severe anaemia
was observed in pregnant women (12·6 % (95 % CI 10·0,
15·8 %)) compared with non-pregnant women (5·3 %
(95 % CI 4·4, 6·3 %)) (Table 1)

Multivariable analysis of factors

Factors for any anaemia among women
The multilevel logistic regression results show that having
no formal education (AOR= 1·37; 95 % CI 1·10, 1·72),
having only a primary education (AOR= 1·24; 95 % CI
1·00, 1·53), being of rural residence (AOR= 1·29; 95 % CI
1·02, 1·63), being in the poorest wealth quantile (AOR =
1·29; 95 % CI 95 % CI 1·01, 1·60), having higher gravidity
(≥4 births; AOR= 1·39; 95 % CI 1·13, 1·69), being HIV-
positive (AOR= 2·11; 95 % CI 1·59, 2·79), currently
breast-feeding (AOR= 1·09; 95 % CI 1·03, 1·28), having
menstruated in the last 6 weeks (AOR = 1·1; 95 % CI 1·01,
1·23) and open defecation (AOR = 1·18 ; 95 % CI 1·00,
1·39) were all significantly associated with the occurrence
of any anaemia among women of reproductive age after
adjusting for all other variables in the model. Current con-
traceptive use (AOR= 1·01; 95 % CI 0·91, 1·11) and unim-
proved water source (AOR= 1·03; 95 % CI 0·83, 1·27) were
not significantly associated with any anaemia (Table 2).
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Table 1 Characteristics of the study population and prevalence of various levels of anaemia amongEthiopianwomenaged 15–49 years, 2016

Study
population Any anaemia Mild anaemia Moderate–severe anaemia

n % n
Weighted

% 95 % CI n
Weighted

% 95 % CI n
Weighted

% 95 % CI

Total 14 923 100 3527 23·6 22·0, 25·3 2661 17·8 16·7, 19·0 866 5·8 4·9, 6·8
Educational status
No education 7215 48·3 2002 27·8 25·4, 30·2 1466 20·3 18·8, 21·9 537 7·4 6·0, 9·2
Primary 5244 35·1 1136 21·7 19·8, 23·7 883 16·8 15·2, 18·6 253 4·8 4·0, 5·7
Secondary 1676 11·2 297 17·8 14·9, 21·0 240 14·3 11·8, 17·2 57 3·4 2·4, 4·9
Higher 789 5·3 91 11·5 8·2, 16·0 72 9·2 6·2, 13·3 19 2·4 1·3, 4·4

Wealth index
Poorest 2519 16·9 863 34·3 29·7, 39·1 580 23·0 20·3, 26·0 283 11·2 7·8, 15·8
Poorer 2717 18·2 688 25·3 22·6, 28·3 509 18·7 16·4, 21·4 180 6·6 5·3, 8·3
Middle 2891 19·4 686 23·7 21·2, 26·5 538 18·6 16·4, 21·0 149 5·1 4·0, 6·6
Richer 2979 20·0 625 21·0 18·6, 23·6 493 16·6 14·5, 18·8 132 4·4 3·4, 5·7
Richest 3816 25·6 664 17·4 15·1, 19·9 541 14·2 12·3, 16·3 123 3·2 2·4, 4·3

Residence
Urban 3169 21·2 538 17·0 14·4, 20·0 441 13·9 11·7, 16·4 97 3·1 2·2, 4·2
Rural 11 754 78·8 2989 25·4 23·5, 27·4 2220 18·9 17·6, 20·3 768 6·5 5·5, 7·8

Region
Tigray 1073 7·2 212 19·7 16·8, 23·0 171 15·9 13·7, 18·4 41 3·8 2·6, 5·6
Afar 119 0·8 53 44·7 39·9, 49·6 34 28·8 25·7, 32·0 19 15·9 12·6, 20·0
Amhara 3645 24·4 627 17·2 14·9, 19·7 534 14·6 12·8, 16·7 93 2·5 1·8, 3·6
Oromia 5422 36·3 1480 27·2 23·8, 31·1 1095 20·2 17·8, 22·8 386 7·1 5·1, 9·8
Somali 417 2·8 248 59·5 55·2, 63·7 125 30·0 27·2, 33·0 123 29·5 25·8, 33·6
Benishangul-Gumuz 146 1·0 28 19·2 16·1, 22·7 23 15·8 13·1, 19·0 5 3·4 2·3, 5·0
SNNP 3124 20·9 704 22·5 19·4, 26·0 545 17·4 14·9, 20·2 160 5·1 3·8, 6·9
Gambella 42 0·3 11 26·1 21·3, 31·5 9 20·6 16·8, 25·0 2 5·5 3·8, 7·9
Harari 32 0·21 9 27·7 23·7, 32·1 6 18·9 15·5, 22·9 3 8·7 6·7, 11·4
Addis Ababa 825 5·5 132 16·0 13·5, 18·8 105 12·7 10·7, 15·1 27 3·2 2·4, 4·3
Dire Dawa 77 0·5 23 30·0 25·8, 34·8 16 21·0 17·6, 24·7 7 9·2 6·8, 12·1

Age (years)
15–19 3165 21·2 631 19·9 17·9, 22·2 492 15·6 13·8, 17·4 139 4·4 3·3, 5·7
20–29 547 36·6 1320 24·2 21·7, 26·8 947 17·3 15·6, 19·2 373 6·8 5·6, 8·3
30–39 4078 27·3 1039 25·5 23·3, 27·8 783 19·2 17·3, 21·3 256 6·3 5·0, 7·9
40–49 2213 14·8 537 24·3 21·6, 27·1 440 19·9 17·4, 22·6 98 4·4 3·4, 5·8

Marital status
Single 3757 25·2 667 17·7 15·9, 19·8 538 14·3 12·7, 16·2 129 3·4 2·6, 4·4
Married 9800 65·7 2572 26·2 24·3, 28·3 1896 19·3 18·0, 20·8 676 6·9 5·8, 8·2
Divorced/widowed/
separated

1365 9·1 288 21·1 18·1, 24·5 227 16·6 14·0, 19·7 61 4·5 2·9, 6·7

Religion
Orthodox 6447 43·2 1166 18·1 16·4, 19·9 961 14·9 13·6, 16·3 206 3·2 2·6, 4·0
Protestant 3514 23·5 851 24·2 21·2, 27·5 672 19·1 16·7, 21·8 179 5·1 3·8, 6·7
Muslim 4645 31·1 1391 30·0 27·2, 32·8 969 20·9 18·7, 23·2 422 9·1 7·8, 10·6
Other 317 2·1 118 37·4 16·6, 64·2 60 18·9 13·8, 25·4 59 18·5 5·3, 47·7

Birth interval
<24months 1621 19·2 519 32·0 28·4, 35·8 356 22·0 19·0, 25·3 162 10·0 8·0, 12·4
≥4months 6801 80·9 1749 25·7 23·7, 27·9 1338 19·7 18·1, 21·3 412 6·1 4·9, 7·4

Gravidity
0 4745 31·8 862 18·2 16·4, 20·1 670 14·1 12·6, 15·8 192 4·0 3·3, 5·0
1–3 4715 31·6 1092 23·2 20·7, 25·9 793 16·8 15·2, 18·6 299 6·3 4·7, 8·5
4þ 5464 36·6 1573 28·8 26·7, 30·9 1198 21·9 20·2, 23·8 375 6·9 5·8, 8·1

CEB in the preceding
5 years
0 7595 50·9 1484 19·5 17·9, 21·3 1178 15·5 14·2, 16·9 306 4·0 3·4, 4·8
1 4475 30·0 1069 23·9 21·7, 26·2 689 17·5 15·6, 19·4 287 6·4 4·9, 8·4
þ2 2852 19·1 974 34·2 31·0, 37·5 702 24·6 22·2, 27·2 272 9·5 7·9, 11·5

HIV test
Positive 251 1·7 65 25·7 18·7, 34·3 33 17·5 11·7, 25·3 12 4·7 2·4, 9·2
Negative 14 672 98·3 3462 23·6 22·0, 25·3 2625 17·8 16·7, 19·0 854 5·8 4·9, 6·9

Water source
Piped water 2646 17·7 460 17·4 14·8, 20·3 354 13·4 11·4, 15·6 106 4·0 2·9, 5·5
Other improved 6926 46·4 1599 23·1 21·3, 25·0 1270 18·3 16·8, 20·0 329 4·8 4·0, 5·6
Unimproved 5351 35·9 1468 27·4 24·5, 30·5 1038 19·4 17·4, 21·5 430 8·0 6·4, 10·1

Latrine facility type
Improved toilet 2231 14·9 455 20·4 18·0, 23·1 346 15·5 13·4, 17·9 109 4·9 3·8, 6·2
Unimproved toilet 7877 52·8 1729 21·9 20·2, 23·8 1360 17·3 15·8, 18·8 369 4·7 3·9, 5·6
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Population attributable fractions/proportions
Around 15·4 % (95 % CI 4·8, 25·1 %) of anaemia in women
from the study population is attributable to having no for-
mal education. About 19 % (95 % CI 1·61, 33·6) of anaemia
cases among women of reproductive age might be attribut-
able to being of rural residence. Around 6 % of anaemia
cases could be attributable to being in the poorest wealth
quantile. Furthermore, the proportion of anaemic cases in
the study population that could be attributed to having
access to an unimproved latrine facility was estimated to
be 8 % (95 % CI −3·5, 18·4 %). Similarly, an estimated 3 %
(95 % CI 0·99, 9·9 %) of cases of anaemia among women
could be attributed to being currently breast-feeding.
Around 13 % (95 % CI 4·8, 19·6 %) of anaemia cases were
attributable to having higher gravidity (≥4) (Table 2).

Factors associated with mild anaemia and moderate–
severe anaemia
The results of the multilevel multinomial logistic regression
analyses of factors for mild anaemia and moderate–severe
anaemia are presented in Table 3.

Multivariable multinomial analysis shows that having no
formal education (AOR = 1·36; 95 % CI 1·07, 1·74), breast-
feeding (AOR= 1·16; 95 % CI 1·0, 1·35), higher gravidity of
women (≥4 births; AOR = 1·33; 95 % CI 1·03, 1·71), HIV
infection (AOR = 1·89; 95 %CI 1·39, 2·57) andmenstruation
in the last 6 weeks (AOR= 1·13; 95 % CI 1·02, 1·26) were
factors independently associated with mild anaemia.
Similarly, rural residence (AOR = 1·75; 95 % CI 1·23,
2·48), birth in the last year (AOR= 1·60; 95 % CI 1·28,
2·0), birth in the last 5 years (AOR = 1·50; 95 % CI 1·12,
2·0), currently pregnant (AOR= 2·35; 95 % CI 1·83, 3·01),
unimproved latrine facility (AOR = 1·24; 95 % CI 1·0,
1·56) and poorest wealth index (AOR= 1·63; 95 % CI
1·14, 2·34) were independently associated with moderate–
severe anaemia (Table 3).

Population attributable fractions. The proportions of
mild and moderate–severe anaemia attributable to having
no formal education were estimated to be 14·6 and 18 %
among women, respectively. Proportions of moderate–
severe anaemia attributable to current pregnancy were
9·1 % (Table 3). Being a rural resident was attributable to
38·1 % of moderate–severe anaemia cases among women.
In addition, 12·6 % of moderate–severe anaemia cases
might be attributable to household wealth being rated in
the poorest wealth quantile. The proportion of mild anae-
mia cases attributable to high gravidity of women (≥4)
and currently breast-feeding was 11·2 % and 5·2 %, respec-
tively. Similarly, 16·9 and 10·5 % of moderate–severe anae-
mia cases among women were due to unimproved latrine
facilities, birth in the last 5 years preceding the survey,
respectively (Table 3).

Random effects analysis
The results of random effect analysis showed that there was
variation in log odds of different types of anaemia across
communities (τ 2= 0·907). According to the variance parti-
tion coefficient, about 21·6 % of the variance in the odds of
different anaemia types in women could be attributed to
community-level factors. The variation in odds of different
anaemia types across communities remained statistically
significant even after adjusting for individual- and commu-
nity-level factors. About 9 % of the odds of anaemia varia-
tion across communities was observed in the full model
(model 2) (Table 4).

Discussion

This study assessed the impact of predictors on all levels of
anaemia among women using large-scale population data.
The findings indicate that having no formal education,

Table 1 Continued

Study
population Any anaemia Mild anaemia Moderate–severe anaemia

n % n
Weighted

% 95 % CI n
Weighted

% 95 % CI n
Weighted

% 95 % CI

Open defecation 4414 29·6 1267 28·7 25·3, 32·4 903 20·5 18·4, 22·6 364 8·2 6·0, 11·1
Other 401 2·7 76 19·0 14·1, 25·0 52 13·1 9·4, 17·9 24 5·9 3·0, 11·2

Currently pregnant
Yes 1087 7·3 317 29·1 24·9, 33·7 179 16·5 13·4, 20·2 137 12·6 10·0, 15·8
No 13 835 92·7 3210 23·2 21·6, 24·9 2482 17·9 16·8, 19·2 728 5·3 4·4, 6·3

Currently breast-feeding
Yes 4657 31·2 1317 28·3 25·7, 31·0 1007 21·6 19·7, 23·7 309 6·6 5·2, 8·5
No 10 266 68·8 2210 21·5 20·0, 23·2 1654 16·1 14·9, 17·4 556 5·4 4·6, 6·4

Current contraceptive use
Yes 3070 20·6 717 23·3 20·8, 26·1 522 17·0 15·1, 19·1 194 6·3 4·9, 8·1
No 11 853 79·4 2567 23·7 22·0, 25·5 2139 18·0 16·8, 19·4 671 5·7 4·8, 6·7

Birth in the last 1 year
0 12 474 83·6 2797 22·4 20·9, 24·0 2156 17·3 16·1, 18·6 641 5·1 4·3, 6·1
1–2 2449 16·4 730 29·8 26·6, 33·2 505 20·6 18·2, 23·2 225 9·2 7·4, 11·3

n, number; SNNP, Southern Nations Nationalities and People; CEB, Children Ever Born.
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currently breast-feeding, having higher (≥4) gravidity, hav-
ing HIV infection and having menstruation in the past
6 weeks preceding the survey were factors independently
associated with higher odds of mild anaemia. Similarly,

living in a rural area, having an unimproved latrine facility,
giving birth in the past year, being currently pregnant, being
of the poorest wealth status and having a HIV infectionwere
independently associated with moderate–severe anaemia.

Table 2 AdjustedOR frommultilevel logistics regression and population attributable fractions for factors associated with any anaemia among
women in Ethiopia, 2016

Variables
Anaemia
cases, n

Proportion of
anaemia
cases† CI AOR CI

PAF
% CI

Educational status
No education 2002 0·57 0·53, 0·60 1·37* 1·10, 1·72 15·4 4·8, 25·1
Primary 1136 0·32 0·29, 0·35 1·24* 1·00, 1·53 6·2 0·0, 12·1
Secondary 298 0·08 0·07, 0·10 1·23 0·98, 1·52 1·5 –0·14, 3·4
Higher 91 0·03 0·02, 0·04 1 1

Wealth index
Poorest 863 0·25 0·20, 0·29 1·29* 1·01, 1·60 6·1 0·20, 10·9
Poorer 689 0·20 0·17, 0·22 1·21 0·96, 1·45 3·5 –1·24, 6·8
Middle 686 0·20 0·17, 0·22 1·22 0·98, 1·50 3·6 –0·35, 7·3
Richer 625 0·18 0·15, 0·21 1·01 0·82, 1·24 0·18 –3·3, 4·1
Richest 664 0·19 0·16, 0·22 1 1

Residence
Urban 539 0·15 0·13, 0·18 1 1
Rural 2989 0·85 0·82, 0·87 1·29* 1·02, 1·63 19·1 1·61, 33·6

Age (years)
15–19 631 0·18 0·16, 0·20 1 1
20–29 1320 0·37 0·35, 0·40 0·96 0·82, 1·19 –1·54 –7·7, 6·4
30–39 1039 0·29 0·27, 0·32 0·92 0·78, 1·11 –2·5 –7·6, 3·2
40–49 537 0·15 0·13, 0·17 0·75* 0·64, 0·96 –5·0 –7·3, –0·71

Marital status
Single 667 0·19 0·17, 0·21 0·97 0·81, 1·22 –0·59 –4·0, 3·8
Married 2572 0·73 0·71, 0·75 1·09 0·91, 1·23 6·0 –7·0, 14·0
Divorced/widowed/
separated

288 0·08 0·07, 0·10 1 1

Gravidity of women
0 862 0·24 0·22, 0·27 1 1
1–3 1092 0·31 0·28, 0·34 1·22* 1·02, 1·44 5·6 0·55, 10·4
4þ 1573 0·45 0·42, 0·48 1·39* 1·13, 1·69 12·6 4·8, 19·6

CEB in the preceding 5 years
0 1484 0·42 0·39, 0·45 1
1 1069 0·30 0·28, 0·33 1·10 0·95, 1·27 2·7 –1·47, 7·0
þ2 974 0·28 0·25, 0·31 1·31* 1·09, 1·57 6·6 2·1, 17·7

HIV test
Positive 65 0·02 0·01, 0·03 2·11* 1·59, 2·79 1·05 0·48, 1·9
Negative 3462 0·98 0·97, 0·99 1 1

Water source
Improved 2059 0·58 0·53, 0·63 1 1
Unimproved 1468 0·42 0·37, 0·47 1·03 0·83, 1·27 1·2 –7·6, 9·99

Latrine facility type
Improved toilet 455 0·13 0·11, 0·15 1 1
Unimproved toilet 3072 0·87 0·85, 0·89 1·10 0·96, 1·26 7·9 –3·5, 18·4

Currently pregnant
Yes 317 0·09 0·08, 0·11 1·28* 1·10, 1·51 2·0 0·73, 3·7
No 3210 0·91 0·89, 0·92 1

Currently breast-feeding
Yes 1317 0·37 0·34, 0·40 1·09* 1·03, 1·28 3·1 0·99, 8·8
No 2210 0·63 0·60, 0·67 1 1

Current contraceptive
Yes 717 0·20 0·18, 0·23 1·01 0·91, 1·11 0·20 –1·8, 2·3
No 2810 0·80 0·77, 0·82 1 1

Birth in last 1 year
Zero 2797 0·79 0·77, 0·82 1 1
1–2 730 0·21 0·18, 0·23 1·15* 1·01, 1·32 2·7 0·18, 5·6

Menstruated in last 6 weeks
Yes 1795 0·51 0·48, 0·54 1·10* 1·01, 1·23 4·6 0·47, 10·1
No 1732 0·49 0·46, 0·52 1

PAF, population attributable fractions.
*P< 0·05.
†Proportion of anaemic women exposed to a factor (ratio of exposed cases to total cases).
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Table 3 Adjusted OR (AOR) from multilevel multinomial logistics regression, and population attributable fraction for factors associated with mild and moderate–severe anaemia among women in
Ethiopia, 2016

Variables

Mild anaemia Moderate–severe anaemia

Proportion of
cases CI† AOR CI PAF CI

Proportion
of cases CI† AOR CI PAF CI

Educational status
No education 55·1 51·7, 58·4 1·36 1·07, 1·74* 14·6 3·4, 24·8 62·0 55·6, 68·1 1·41 0·94, 2·11 18·0 –3·5, 35·8
Primary 33·2 30·3, 36·3 1·28 1·01, 1·61* 7·3 0·3, 13·8 29·2 24·4, 34·5 1·08 0·73, 1·60 2·2 –9·0, 12·9
Secondary 9·0 7·4, 10·9 1·27 0·99, 1·62 1·9 –0·1, 4·2 6·6 4·5, 9·7 1·0 0·66, 1·53 0 –2·3, 3·4
Higher 2·7 1·9, 3·8 1 1 2·2 1·2, 4·0 1 1

Wealth index
Poorest 21·8 18·3, 25·8 1·23 0·97, 1·54 4·1 –0·6, 9·0 32·7 23·8, 42·9 1·63* 1·14, 2·34 12·6 2·9, 24·6
Poorer 19·1 16·3, 22·2 1·17 0·92, 1·46 2·8 –1·4, 7·0 20·7 16·3, 26·0 1·39 0·96, 2·01 5·8 –0·7, 13·1
Middle 20·2 17·6, 23·1 1·18 0·94, 1·49 3·1 –1·1, 7·6 17·2 13·0, 22·4 1·34 0·93, 1·94 4·4 –1·0, 10·9
Richer 18·5 15·7, 21·7 0·95 0·76, 1·19 –1·0 –5·0, 3·5 15·2 11·3, 20·1 1·17 0·81, 1·67 2·2 –2·7, 8·1
Richest 20·3 17·3, 23·7 1 1 14·2 10·3, 19·2 1 1

Residence
Urban 16·6 14·0, 19·6 1 1 11·2 8·2, 15·2 1 1
Rural 83·4 80·4, 86·0 1·22 0·95, 1·56 15·0 –4·2, 30·9 88·8 84·8, 91·8 1·75* 1·23, 2·48 38·1 15·9, 54·8

Age (years)
15–19 18·5 16·4, 20·8 1 1 16·0 12·8, 19·8 1 1
20–29 35·6 32·7, 38·6 0·87 0·74, 1·02 –5·3 –11·5, 0·76 43·1 38·9, 47·4 1·12 0·88, 1·44 4·6 –5·3, 14·5
30–39 29·4 26·9, 32·0 0·86 0·70, 1·05 –4·8 –11·5, 1·5 29·6 25·6, 34·0 1·14 0·85, 1·54 3·6 –4·5, 11·9
40–49 16·5 14·4, 18·9 0·82 0·65, 1·04 –3·6 –7·8, 0·7 11·3 8·4, 15·0 0·88 0·61, 1·27 –1·5 –5·4, 3·2

Marital status
Single 20·2 17·9, 22·8 0·95 0·76, 1·20 –1·1 –5·7, 3·8 14·8 11·5, 18·9 1·18 0·81, 1·72 2·3 –2·7, 7·0
Married 71·3 68·5, 73·9 1·05 0·89, 1·23 3·4 –8·5, 13·8 78·1 73·9, 81·8 1·19 0·91, 1·56 12·5 –7·3, 29·4
Divorced/widowed/
separated

8·5 7·1, 10·1 1 1 7·0 5·0, 9·9 1 1

Gravidity
0 25·2 22·7, 27·8 1 1 22·2 17·9, 27·1 1 1
1–3 29·8 27·2, 32·5 1·15 0·93, 1·43 3·9 –2·0, 9·8 34·5 28·7, 40·9 1·02 0·72, 1·43 0·7 –11·2, 12·3
4þ 45·0 42·0, 48·0 1·33* 1·03, 1·71 11·2* 1·2, 19·9 43·3 37·9, 48·9 1·02 0·70, 1·51 0·9 –16·2, 16·5

CEB in 5 years
0 44·3 41·0, 47·6 1 1 35·4 30·2, 40·9 1 1
1 29·4 26·6, 32·3 1·0 0·85, 1·18 0 –4·7, 5·8 33·2 28·0, 38·8 1·33 1·04, 1·71 8·2 1·1, 16·1
2þ 26·4 23·5, 29·5 1·22* 1·0, 1·49 4·8 0·0, 9·7 31·5 27·0, 36·3 1·50* 1·12, 2·00 10·5 2·9, 18·2

HIV test
Positive 1·2 0·8, 1·9 1·89* 1·39, 2·57 0·6 0·2, 1·2 1·4 0·7, 2·9 3·04 1·92, 4·80 0·9 0·3, 2·3
Negative 98·8 98·1, 99·2 1 1 98·6 97·1, 99·3 1 1

Water source
Improved 13·3 11·0, 16·0 1 1 12·3 8·7, 17·0 1 1
Unimproved 86·7 84·0, 89·0 1·09 0·89, 1·34 7·2 –10·4, 22·6 87·7 83·0, 91·3 0·83 0·61, 1·14 –18·0 –53·1, 1·2

Latrine facility
Improved toilet 13·0 11·0, 15·4 1 1 12·6 9·4, 16·7 1 1
Unimproved toilet 87 84·6, 89·1 1·04 0·89, 1·21 3·4 –10·5, 15·5 87·2 83, 90·6 1·24* 1·0, 1·56 16·9 0·0, 32·5

Currently pregnant
Yes 6·7 5·5, 8·2 0·95 0·77, 1·18 –0·35 –1·6, 1·3 15·9 12·5, 19·9 2·35* 1·83, 3·01 9·1 5·7, 13·3
No 93·3 91·8, 94·5 1 1 84·2 80·1, 87·5 1 1
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Moreover, having rural residency, no formal education, high
gravidity, being in the poorest wealth quantile and having
unimproved latrine facilities were positively associated with
the occurrence of any anaemia amongwomen. These results
are consistent with other study findings from low-income
countries, which reported associations between socio-
economic status and all anaemia levels(39–41).

A relevant question to ask is howmuch of the burden of
anaemia could be avoided if these factors were addressed,
or reduced, in the population. PAF is a measure of the over-
all effect of a factor on the problem/outcome of interest at
the population level(23). The PAF estimates of this study
showed that the proportion of mild anaemia cases attribut-
able to high gravidity (≥4), currently breast-feeding and
menstruation in the last 6 weeks was 11·2 %, 5·2 and
6·1 %, respectively, and could potentially be reduced if
these factors are addressed in the population. Similarly,
the proportion of moderate–severe anaemia attributable
to living in a rural area, having no formal education, being
in the poorest wealth quantile and giving birth in the last
5 years was 38·1, 18, 12·6 and 10·5 %, respectively. The
higher proportion of any anaemia cases could be attributed
to rural residency (19 %), having no formal education
(15 %), high gravidity (13 %), poorest wealth quantile
(6 %) and having unimproved latrine facilities (8 %).
These are theoretical calculations, but they illustrate the
important role these factors play in determining the occur-
rence of anaemia among women in this population. Thus,
rural residence, illiteracy and being in a lowwealth quantile
would be predicted to have a substantial effect on the
occurrence of anaemia among women in Ethiopia.
Similar findings have been reported in other studies from
developing countries, in that high proportions of anaemia
cases were observed in women of rural residence, with low
education and being in a low wealth quantile(42,43).

Research has recognised low socio-economic status as a
predictor of higher odds of anaemia among reproductive-
age women(14,44,45). A higher prevalence of anaemia was
observed in women with low socio-economic status com-
pared with women with high socio-economic status(46,47).
Our results are in line with these findings and indicated that
women from households in the poorest wealth quantile
were at higher risk of having moderate–severe anaemia.
About 13 % of moderate–severe anaemia cases among
women could be attributed to being in the poorest wealth
quantile; this is consistent with a previous finding that
showed that higher odds of moderate–severe anaemia
cases were associated with the poorest wealth quantile(48).
Moreover, the current study revealed that the odds of
any anaemia amongwomenwas higher among the poorest
compared with the richest women, which aligns with study
findings in Bangladesh(44,49) and Ethiopia(14). A possible
explanation is that, as the income level of women is lower,
the womenmay not be able to purchase adequate or varied
foodstuffs and subsequently do not consume a diversified
nutritious diet(50). As a result, women are unable to obtainT
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adequate nutrients and are subsequently exposed to anae-
mia. Furthermore, women with no formal education are at
higher odds of anaemia compared with women with a
tertiary education. The proportion of any anaemia attribut-
able to having no education was nearly 15 %. This result
is consistent with previous study results conducted in
Ethiopia(14), Timor-Leste(13), India(42,43), Bangladesh(44,49)

and Senegal(51), which reported that low educational status
was associated with an increased odds of anaemia among
women. Evidence has also shown that low educational
status is associated with higher odds of moderate–severe
anaemia among women(40,48). The effect of low education
on the odds of anaemia could be due to the low capacity to
pursue health care and limited awareness about diversified
food intake or health risks.

The odds of any anaemia and moderate–severe anae-
mia were higher in rural compared with urban women,
but the odds of mild anaemia were not statistically different
between urban and rural women. The odds of any anaemia
and moderate–severe anaemia attributable to rural resi-
dence are 19 and 38%, respectively, which is consistent with
evidence, suggesting that higher moderate–severe anaemia
prevalence was more noticeable in individuals of rural
residence(41,49). A higher prevalence of moderate–severe
anaemia and any anaemia in rural areas could be attributed
to differences in availability and utilisation of health care,
diversified foods, infection risk and fertility preferences(4,39).
Moreover, having unimproved latrine facilities was associ-
ated with an increased odds of any anaemia and moderate–
severe anaemia among women. This result is in line with
other study findings from low-income settings(42,48,51).
This may be partially explained by the fact that unimproved
toilet facilities could decrease sanitation standards and
increase the risk of intestinal infections(52), which are risk
factors for anaemia(53).

The results of this study also revealed that higher gravid-
ity of women was associated with increased odds of any
anaemia and mild anaemia. Similarly, a higher number of
births in the previous 5 years, as well as in the past year,
was associated with an increased odds of moderate–severe
anaemia among women. A similar finding was reported
that moderate–severe anaemia was higher in women
who had more births in the last 5 years(41) and who had

given birth in the previous year(13). Similarly, studies from
Ethiopia(14), Myanmar(54), Iran(46) and India(45) have reported
that higher gravidity was associated with a higher odds of
anaemia among women of reproductive age. This could
be the fact that repeated pregnancies/higher gravidity
reduces Fe stores, which leads to anaemia(41,46,54).

Menstruation in the 6 weeks preceding the survey was
associated with increased odds of anaemia among women.
Similar results have been documented in other studies, in
which high menstruation blood loss was associated with
an increased odds of anaemia among women of reproduc-
tive age(14,42). This could be the fact that excessive blood
loss is linked directly to a depletion of Fe stores and leads
to anaemia(55). The infection by HIVmight also increase the
risk of anaemia due to its effects on the bone marrow and
the reduction of Hgb levels in the blood(56). However, our
results indicate that HIV prevalence in women of reproduc-
tive age in Ethiopia is estimated to be about 1·7 % and was
not the major contributor to anaemia(14).

Strengths and limitations of the study
One of the main strengths of this study is the large repre-
sentative population-based survey data. The other strength
of this study is the identification of predictors for different
levels of anaemia among women of reproductive age using
multilevel multinomial models. Furthermore, in this study,
the relative contribution of each factor for the occurrence of
anaemia among women was quantified through PAF,
which will help to prioritise any intervention programmes.
The PAF were estimated using AOR to obtain unbiased
estimates(57).

This study sets a benchmark for assessing the impact of the
predictors at the population level, using large population-
based cross-sectional data. However, the analyses and esti-
mates of PAF for assessing the impact of factors depend on
assumptions that cannot be addressed, including thepotential
for unincorporated factors and remaining confounding or
non-causal relations. Since this study is an observational
study, temporal and cause–effect relationships cannot be
established. Recall bias might also be an issue for this study,
as the DHS data relied on the memory of study participants.
This error could inflate/deflate someof the estimates reported

Table 4 Measure of variation for different anaemia types at the cluster level (effect of variation from the random
intercept model)

Variation

Model 1* Model 2†

Mean SE Mean SE

Variance 0·907 0·074 0·313 0·036
ICC % 21·6 8·7
DIC (-2log likelihood ratio) 20 562·4 19 512·2

ICC, Intra-cluster Correlation Coefficient; DIC, Deviance Information Criterion.
*Empty model (without the predictors).
†Adjusted for predictor factors.
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in this study. Another limitation of this study was the lack of
data on some important factors in anaemia, such as dietary
intake and helminthic infections.

Conclusion

The current study indicated that having no formal educa-
tion, currently breast-feeding and higher (≥4) gravidity
were factors associated with increased odds of mild
anaemia among women. Furthermore, higher odds of
moderate–severe anaemia were observed among women
who were rural residents, had an unimproved latrine
facility, gave birth in the past year, were currently pregnant,
were in the poorest wealth quantile or were infected
with HIV.

The PAF suggest that rural residency, low education,
low wealth status, pregnancy and high gravidity contribute
substantially to the occurrence of anaemia among women.
The burden of different levels of anaemia amongwomen in
the population could potentially be reduced by employing
a large range of approaches targeting these maternal and
sociodemographic factors. Therefore, pregnant women,
women with high gravidity and those with recent births,
women with low education, low wealth status and women
living in rural areas should be prioritised in any intervention
programme targeting anaemia. Different approaches
would be needed when targeting mild and moderate–
severe anaemia. Mild anaemia could be reduced by setting
intervention strategies targeting multigravida and breast-
feeding women, while preventing moderate–severe anae-
mia may require working on improving income, educating
women and improving living conditions through the acces-
sibility of hygienic latrines. Further research needs to be
conducted to identify potential factors associated with mild
anaemia by incorporating data on dietary intake and infec-
tions (malaria and helminths).
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