
 

 

 University of Groningen

Co-occurrence of iron, folate, and vitamin A deficiency among pregnant women in eastern
Ethiopia
Fite, Meseret Belete; Tura, Abera Kenay; Yadeta, Tesfaye Assebe; Oljira, Lemessa; Wilfong,
Tara; Mamme, Newas Yusuf; Asefa, Gemechu; Gurmu, Demiraw Bikila; Habtu, Wossene;
Waka, Feyissa Challa
Published in:
BMC Nutrition

DOI:
10.1186/s40795-023-00724-x

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Fite, M. B., Tura, A. K., Yadeta, T. A., Oljira, L., Wilfong, T., Mamme, N. Y., Asefa, G., Gurmu, D. B., Habtu,
W., Waka, F. C., Demiss, N. T., Woldeyohannes, M., Tessema, M., Alemayehu, D., Hassen, T. A.,
Motuma, A., & Roba, K. T. (2023). Co-occurrence of iron, folate, and vitamin A deficiency among pregnant
women in eastern Ethiopia: a community-based study. BMC Nutrition, 9, Article 72.
https://doi.org/10.1186/s40795-023-00724-x

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

https://doi.org/10.1186/s40795-023-00724-x
https://research.rug.nl/en/publications/d31f281d-4432-4733-b5cb-62984d51d9f4
https://doi.org/10.1186/s40795-023-00724-x


Fite et al. BMC Nutrition            (2023) 9:72  
https://doi.org/10.1186/s40795-023-00724-x

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Nutrition

Co‑occurrence of iron, folate, and vitamin 
A deficiency among pregnant women in eastern 
Ethiopia: a community‑based study
Meseret Belete Fite1, Abera Kenay Tura2,3, Tesfaye Assebe Yadeta2, Lemessa Oljira4, Tara Wilfong4, 
Newas Yusuf Mamme4, Gemechu Asefa4, Demiraw Bikila Gurmu5, Wossene Habtu5, Feyissa Challa Waka5, 
Nahom Tefera Demiss6, Meseret Woldeyohannes6, Masresha Tessema6, Dawit Alemayehu6, 
Tahir Ahmed Hassen2, Aboma Motuma2 and Kedir Teji Roba2* 

Abstract 

Background  It is well known that the magnitude of undernutrition in Ethiopia is unacceptably high. The burden of 
co-occurrence of iron, folate, and vitamin A deficiency, on the other hand, has received less attention. Thus, in this 
study, we looked at the prevalence of iron, folate, and vitamin A deficiency in pregnant women in eastern Ethiopia.

Methods  A community-based cross-sectional study was conducted among 397 pregnant women in Haramaya 
district, eastern Ethiopia. An interview-assisted questionnaire and blood serum were collected from pregnant women 
using standard techniques and shipped to an EPHI for micronutrient analysis. Factors associated with the co-occur-
rence of iron, folate, and vitamin A deficiency were identified using binary and multiple logistic regressions.

Results  According to this study, 81.6% of the participants were deficient in at least one micronutrient, and 53.53.2% 
were deficient in two or more. Women who did not receive iron-folic acid supplementation (AOR = 2.44; 95% 
CI = 1.52–3.92), did not attend Antenatal care (ANC) follow up (AOR = 2.88; 95% CI = 1.81–4.61), and reported low 
consumption of diversified diet (AOR = 2.18 (95% CI = 1.35–3.51) had a higher risk of co-occurrence of iron, folate, and 
vitamin A deficiency.

Conclusion  This study found that more than half of pregnant women were in multiple micronutrients, indicating a 
major public health issue. In addition to the IFA supplementation programs that are already in place, there is a need 
for multiple micronutrient supplementation.
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Introduction
Micronutrients constitute minerals, vitamins, and trace 
elements that are required in small amounts for biologi-
cal functions, called the ‘magic wands’ of health by the 
World Health Organization (WHO) [1]. Micronutrients 
support the body to yield enzymes, hormones, and other 
substances that are vital for proper growth and develop-
ment. Although the body requires a small quantity of 
micronutrients, the impacts of their lack are severe [2]. 
Micronutrients play important biological roles during the 
reproductive years and are vital in preparing a woman 
for pregnancy [3, 4]. Although micronutrient deficiency 
affects all age groups, pregnant women tend to be one of 
the most at-risk groups [5]. As such, deficiencies during 
pregnancy are related to several adverse outcomes for the 
mother and her newborn: prenatal anemia, maternal and 
perinatal death, low birth weight, preterm birth, intra-
uterine growth restriction, altered immune response, and 
cognitive deficits in the baby [5–8].

Micronutrient deficiencies in pregnancy are common 
in low resource settings like Ethiopia. A recent system-
atic review revealed that 35.6% of pregnant women in 
Sub-Saharan Africa [9] and 35.6% in Ethiopia [10] were 
anemic. Folate deficiency is yet a severe public health 
problem, particularly among pregnant women in devel-
oping countries [11, 12]. It has been associated to several 
complications in gestation [13], and frequently consid-
ered as a potential risk factor for happening neural tube 
defects (NTD) in the fetus; affecting more than 300,000 
children globally, and 65 babies out of 10,000 births in 
Ethiopia [12, 14]. Vitamin A deficiency (VAD) remains 
the leading cause of preventable blindness and serous a 
public health issue in developing countries [15]. Many 
investigations related vitamin A deficiency during preg-
nancy with several adverse pregnancy and birth out-
comes [16]. The existing previous studies [17, 18] carried 
out in the Ethiopia indicted higher prevalence figures 
ranging from 17 to 37.9%.

According to World Health Organization (WHO), 
the most common micronutrient deficiencies are iron, 
vitamin A and iodine deficiencies. These are followed 
by zinc, folic acid (vitamin B9), vitamin B12 and other 
B-group vitamins, vitamin C, vitamin D, calcium, sele-
nium, and fluoride [19]. Although supplementation of 
iron ad folic acid has become part of routine care during 
antenatal care (ANC), providers’ compliance in providing 
counseling and provision of the tables seems inadequate 
[20]. In addition, women’s compliance in taking the pre-
scribed tablets as required is limited. For example, the 
2016 Ethiopian Demographic and Health Survey (EDHS) 
study found that only 5% of pregnant women took IFA 
supplements for at least 90  days [21]. For individual 
nutrients such as ferritin, vitamin A, or folate, evidence 

on the level of micronutrient deficiency, its effect on 
pregnancy outcome, and factors associated with such 
deficiencies is well established [18, 22, 23]. To the best of 
our knowledge, no research has been conducted on the 
co-occurrence of iron, folate, and vitamin A deficiency 
among pregnant women in Ethiopia, particularly in east-
ern Ethiopia. In this study, we assessed the prevalence of 
iron, folate, and vitamin A deficiency in pregnant women 
in eastern Ethiopia.

Methods
Study settings and period
The study was embedded into the Haramaya Health 
Demographic Surveillance and Health Research Centre 
(HDS-HRC) established in 2018 by Haramaya Univer-
sity. HDS-HRC is established to be a comprehensive and 
sustainable data source for monitoring population health 
and demographic events in the Haramaya district. Profile 
of HDS-HRC and other details are described elsewhere 
[24]. The detail description of this study has been given 
elsewhere in the previous paper [25, 26]. This study was 
conducted from January 5 to February 12, 2021.

Study design and population
This study is part of a larger study on pregnant women’s 
nutritional status in HDS-HRC, which is also described 
elsewhere [26]. In brief, a cross-sectional community-
based study was conducted among randomly selected 
pregnant women who lived in specific kebeles for at 
least six months during the study period. Women with 
a recent history of anemia or on anemia treatment, as 
well as those with chronic illnesses (acute or chronic 
liver disease, heart disease, chronic renal failure, diabetes 
mellitus, hypertension, etc.), gestational diabetes, preg-
nancy-induced hypertension, and acute or chronic blood 
loss) were excluded from the study because their health 
does not reflect that of the general population.

Sample size and sampling procedures
The sample size was calculated using a single population 
proportion formula with the following assumptions: a 
50% prevalence of at least two micronutrient deficien-
cies with a 95% confidence interval and a 5% margin of 
error. After accounting for a 10% non-response rate, the 
final sample size calculated was 422. However, because 
this study was part of a larger longitudinal study (a pro-
spective cohort study aimed at assessing neonatal birth 
weight and its association with maternal iron status), 
the same 475 pregnant women were included. Previous 
papers published detailed sampling methods and proce-
dures [25, 26].
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Data collection
Face-to-face interviews, anthropometric measurements, 
and blood collection were conducted by trained research 
assistants. Data on socioeconomic, obstetric, maternal 
perception, food consumption, dietary diversity, knowl-
edge, attitude, and practices of pregnant women were 
collected through face to face interviews. This methods 
of data collections were published elsewhere [21, 27–32]. 
Then mid-upper arm circumference (MUAC) and mater-
nal height measurement were followed the interviews. 
The formerly validated food frequency questionnaire 
(FFQ), dietary diversity scores (DDS), The food variety 
score (FVS) and food consumption score and Household 
Food Insecurity Access Scale (HFIAS) were collected 
and analyzed [27–32]. A 5 ml venous blood sample was 
drawn by trained and experienced laboratory profes-
sionals for serum analysis of ferritin, folate, retinol con-
centration, and serum high-sensitive C-reactive protein 
(hsCRP). In addition to this women dietary diversity were 
calculated [31]. A detailed description of data collection 
can be found in previous papers [25, 26].

Biochemical measurement
An experienced laboratory technologist used a serum 
separator tube (SST) to collect whole blood (5  ml) for 
30  min. Samples were temporarily stored at -80’C until 
analysis, at which point they were transferred to the Ethi-
opian Public Health Institute (EPHI) for examination. 
At the EPHI National Reference Laboratory, we meas-
ured serum hsCRP using an immune-turbidimetric assay 
(reagent CRPHS Ref. 04628918190), ferritin using the 
Sandwich electrochemiluminescence principle (reagent 
ferritin Ref. 03737551190), and folate using the Com-
petition electrochemiluminescence principle (reagent 
folate Ref. 07559992190). Serum retinol levels were also 
measured.

Data quality assurance
Data collectors, laboratory professionals, and supervi-
sors were trained for two days, and the questionnaire was 
pre-tested on 5% of pregnant women in a nearby district, 
with adjustments made based on the results. Supervi-
sors closely monitored data collection, double-checking 
it daily before entry. The national laboratory analysis was 
performed at the EPHI, which is internationally accred-
ited (accreditation no. M 0025).

Data processing and analysis
Epi-data 3.1 was used to double-enter the data, and Stata 
14 was used to clean and analyze it. The outcome variable 
(concurrent micronutrient status) was dichotomized as 
deficient if at least two of the three micronutrients were 

deficient (coded as 1), or no if none of the three micro-
nutrients were deficient (coded as 0). (coded as 0). The 
factors associated with micronutrient deficiency were 
then identified using a binary logistic regression. After 
adjusting for multicollinearity, all binary regression vari-
ables with p 0.25 were added to multiple logistic regres-
sion models. Serum iron, retinol, and folate deficiency, as 
well as serum CRP levels, were measured and classified in 
accordance with their respective standards [33–35].

The principal component analysis was used to calculate 
the wealth index (PCA). The index was calculated using 
41 household variables, including ownership of latrines, 
agricultural land and size, selected household assets, 
livestock quantities, and source of drinking water. Nutri-
tional knowledge and attitudes toward iron-rich diet con-
sumption were assessed using a Likert scale and the PCA; 
factor scores were totaled and classified into tertiles.

Ethical considerations
This study was conducted in agreement with the Decla-
ration of Helsinki-Ethical principle for medical research 
involving human subjects. The proposal was approved by 
the Institutional Health Research Ethics Review Commit-
tee (IHRERC) of the College of Health and Medical Sci-
ences, Haramaya University (ref No: IHRERC/223/2020). 
Written informed consent was obtained from all partici-
pants and legally authorized representatives "of minors 
below 16 years of age and illiterates” and confidentiality 
was maintained by excluding all personal identifiers.

Results
Socio‑demographic characteristics
In this study, 397 women were included, for whom all 
biochemical test results were available (Fig. 1).

The majority of respondents (73.05%) could not read or 
write, were housewives (96.73%), farmers (93.45%), and had 
a family size of 1–5 (76.32%). Furthermore, only 21.66% of 
respondents were in the richest quintiles (Table 1).

Level of Factors associated withco‑occurrence of iron, 
folate, and vitamin A deficiency
This study found that 53.15% (95% CI: 48, 58) of people 
had more than two deficiencies, while 16% had three. 
Table 2 shows the individual and co-occurrence of iron, 
folate, and vitamin A deficiency (Table 2).

Factors associated withco‑occurrence of iron, folate, 
and vitamin A deficiency
In the bivariable analysis, age, women’s educational level, 
family size, ANC follow up, IFA supplementation, source 
of drinking water, knowledge of micronutrient rich 
foods, restriction of the intake of some foods and dietary 
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diversity, and khat chewing were found to be candidate 
variables for multivariable analysis at, p < 0.25.

In the final multivariable logistic regression model, 
after adjusting for potential confounders, ANC follow up, 
IFA supplementation, and dietary diversity were found 
to be the independent predictors of the co-occurrence 
of iron, folate, and vitamin A deficiency. The risk of co-
occurrence of iron, folate, and vitamin A deficiency was 
2.44 times more likely among women who didn’t receive 
IFA supplementation (AOR = 2.44; 95% CI = 1.52–3.92), 
2.88 times more likely among who didn’t attend ANC fol-
low up (AOR = 2.88; 95% CI = 1.81–4.61,) and 2.18 time 
more likely among those who reported low consumption 
of diversified diet (AOR = 2.18 (95% CI = 1.35–3.51) com-
pared to their counterparts, respectively (Table 3).

Discussion
The prevalence of concurrent micronutrient deficiency 
was 53.15% (95% CI: 48, 58) in this study. Co-occurrence 
of iron, folate, and vitamin A deficiency was more com-
mon in women who did not take regular IFA supple-
mentation, but less common in women who received 
antenatal care and reported adequate dietary diversity.

The co-occurrence of more than one or two micro-
nutrients among pregnant women in low and middle-
income countries is well documented [36, 37]. The 
present study reveals that pregnant women in rural 
Haramaya district are likely at risk of multiple micronu-
trients deficiencies. Our finding is lower than the find-
ing of a study carried out in Nepal [38] which reported 
82% prevalence of coexistence of two or more micronu-
trient deficiencies. However, the result of the current 

study is lower than the finding of the study that docu-
mented in Ghana [39]. The possible reason for the vari-
ation might be due to the differences in the number of 
micronutrients measured in which the studies.

In the current study the individual micronutrient 
(iron, folate and Vitamin A) deficiencies were compa-
rable probably resulting in part from a shared nutri-
ent insufficiency of good dietary sources such as meat, 
inadequate of which is consumed in this area [25]. 
Another reason might be a combined adverse effect of 
no regular consumption of micronutrient-rich foods 
and diet that is usually high in inhibitors of mineral 
absorption [40].

Micro-nutrient nutrient intakes are often low among 
women in sub Saharan Africa [41], including Ethiopia 
[42] because access to micronutrient-rich foods and 
fortified foods is limited, and these foods are expen-
sive, locally unavailable, or unacceptable for cultural or 
religious reasons. Moreover, the reason for the higher 
prevalence could result of poor quality diets and ampli-
fied physiological requirements, which are intensified 
by inadequate health systems, poverty and inequities, 
and by socio-cultural aspects (early marriage, and tra-
ditional food habits) [43]. Concomitant nutritional 
deficiencies could decrease the likely benefit of a spe-
cific nutrient supplement in improving nutrition status 
and morbidity [44]. Antenatal multiple micronutrient 
supplement use has emerged as an important public 
health intervention for women in low-income coun-
tries and has benefits for pregnancy outcomes over and 
above IFA, which is currently recommended for preg-
nant women by the WHO [45].

Fig. 1  Flowchart of the study
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We discovered that eating a diverse diet during preg-
nancy is significantly associated with a lower risk of 
iron, folate, and vitamin A deficiency co-occurring. 
This is consistent with previous research conducted in 
African countries [39, 46, 47]. The possible explanation 
is that women with a more diverse diet consume signifi-
cantly more meat, legumes, and nuts. Furthermore, the 
vegetables and fruits consumed in the groups with the 
highest dietary diversity are high in vitamin C, which 
increases iron absorption. As a result, it is possible 
to conclude that consuming a diverse diet may affect 

serum ferritin concentration by changing the intake of 
diet items to a higher consumption of iron-rich diet. 
Furthermore, proper food consumption may result in 
a link between food intake from different food groups 
and adequacy of micronutrient intake. As a result, pub-
lic health awareness must be emphasized in order to 
encourage a higher intake of various food groups dur-
ing pregnancy.

The current study discovered that antenatal care is 
associated with a lower risk of having multiple micronu-
trient deficiencies, which is consistent with research con-
ducted in developing countries [39, 48, 49]. This could 
be because antenatal care offers unique opportunities 
for nutrition communication and provides insights into 
women’s experiences obtaining nutrition information 
during pregnancy [50]. Thus, dietary counseling could 
improve nutrient, vitamin, and mineral intake from food 
and supplementation during pregnancy. This implies that 
achieving adequate micronutrient consumption during 
pregnancy will necessitate strengthening the delivery and 
utilization of maternal nutrition services integrated into 
ANC services in the health system. Therefore, because 
pregnant women need more support to optimize food 
and nutrient intakes, making sure that women get qual-
ity ANC  services and access to nutrition information is 
really important.

Furthermore, regular IFA consumption was linked 
to a lower risk of iron, folate, and vitamin A deficiency, 
which is consistent with previous research [51, 52]. This 
could be because the supplementation is specifically 
designed for the two micronutrients (iron, and folate). 
As a result, it is suggested that women receive regular 
IFA to ensure positive outcomes for both mothers and 
their children, which will affect future generations.

Table 1  Socio-demographic characteristics of pregnant women 
in Haramaya District, Eastern Ethiopia, 2021 (n = 397)

Variables Frequency(n = 397) Percentage (%)

Age (years) Mean (±SD) 24.97(±5.15)
     < 18 21 5.29

    18–35 353 88.92

     > 35 23 5.79

Educational level of the woman
  Can’t read or write 290 73.05

  Read or write 24 6.05

  Formal education 83 20.91

Educational Level of husband
  Can’t read or write 217 54.66

  Read or write 54 13.62

  Grade 1–8 102 25.69

  Grade 9 and above 24 6.05

Occupation of the woman

  Housewives 384 96.73

  Merchants 13 3.27

Occupation of husband
  Farmers 391 93.45

  Daily labors 26 6.55

Family size
  1–5 303 76.32

   > 5 94 23.68

Agricultural land possession
  No 246 61.96

  Yes 151 38.04

Wealth Index (Quintile)
  Poorest 80 20.1

  Poor 77 19.40

  Middle 73 18.39

  Rich 81 20.40

  Richest 86 21.66

Parity
  0(primiparas) 91 22.92

  1–4 262 65.99

  ≥5 44 11.08

Table 2  Micronutrient deficiency among pregnant women in 
Haramaya district, eastern Ethiopia, 2021 (n = 397)

Variables Frequency 
(n = 397)

Percentage (%)

Ferritin deficiency 212 53.40

Folate deficiency 198 49.87

Vitamin A deficiency 191 48.11

Combination of micronutrient deficiency

  Ferritin and folate deficiencies 140 35.26

  Ferritin and vitamin A efficiencies 110 27.71

  Folate and vitamin A deficiencies 93 23.43

  No micronutrient deficiency 73 18.39

  One micronutrient deficiency 324 81.61

  Two micronutrient deficiencies 145 36.52

  Three micronutrient deficiencies 66 16.62

  (2 ≥) micronutrient deficiency 211 53.15
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The fact that the study was the first to assess the level 
of concurrent micronutrient deficiency among preg-
nant women in Ethiopia was its main strength. In addi-
tion, an analysis of conceptually important confounder 
(CRP) was performed and was used for serum ferritin 
concentration adjustments in the current study to make 
a decision on the co-occurrence of inflammation in the 
interpretation of iron status findings. The findings of 
this study should also be interpreted with some caution. 
Due to limited resources, this study looks at parameters 
for assessing iron, folate, and vitamin A deficiencies in 

pregnancy, which may underestimate the magnitude of 
concurrent micronutrient deficiency.

Based on this study. We recommend promoting the 
intake of a diversified diet, making sure that pregnant 
women get quality ANC to ensure good outcomes for 
both mother and her child that affect the next genera-
tion are very important. While the influence of defi-
ciency of individual micronutrients—ferritin, folate, 
and vitamin A—on pregnancy outcomes is well estab-
lished, there is a need to understand how this concomi-
tant malnutrition affects women and offspring. There is 

Table 3  Factors associated with concurrent micronutrient deficiency among pregnant women Haramaya district, Eastern Ethiopia 
2021

**Statistically significant at p- value < 0.001; * statistically significant at p-value < 0.05

Variables co-occurrence of iron, folate, and vitamin A 
deficiency

COR (95%CI) AOR (95%CI) P-value

Yes
(n = 211)

No
(n = 186)

Age of the women in a years 0.158

   < 18 8 (3.79) 13(6.99) 1 1

  18–35 200 (94.79) 166(89.25) 1.96 (0.79,4.84) 2.07 (0.75,5.68)

   > 35 3 (1.42) 7(3.76) 0.74 (0.14,3.50) 0.85 (0.14,5.10)

Women’s educational level 0.845

  Illiterate 174 (82.46) 140 (75.27) 1 1

  Literate 37 (17.54) 46 (24.73) 0.65 (0.40,105) 0.95 (0.54,1.65)

Family sizes 0.199

  1–5 156 (73.93) 149 (80.11) 1 1

   > 5 155 (26.07) 37 (19.89) 0.42 (0.88,2.28) 1.40 (0.84,2.36)

ANC follow up 0.001*

  Yes 55 (26.07) 83 (44.62) 1 1

  No 156 (156) 103 (55.38) 1.67(1.07,2.60 2.88(1.8,4.61)

IFA supplementation  < 0.001**

  Yes 54 (25.59) 137 (73.66) 1 1

  No 89 (42.18) 49 (26.34) 2.15 (1.40,3.28) 2.44 (1.52,3.92)

Source of drinking water 0.408

  Unprotected 86 (40.76) 95 (51.08) 1 1

  Protected 125 (59.24) 91 (48.92) 1.52 (1.019,2.26) 1.22 (0.76,1.98)

Knowledge of micronutrient-rich foods 0.211

  No 196 (92.89) 164 (88.17) 1 1

  Yes 15 (7.11) 22 (11.83) 0.57 (0.28,1.14) 0.62 (0 29,1.31)

Khat chewing 0.111

  No 72 (34.12) 82 (44.09) 1 1

  Yes 139 (65.88) 104 (55.91) 1.52 (1.01,2.28) 1.43 (0.92,2.23)

Restriction of the intake of some foods 0.999

  No 148 (70.14) 114 (61.29) 1 1

  Yes 63 (29.86) 72 (38.71) 0.74 (0.44,1.02) 0.67 (0.41,1.80)

Dietary diversity 0.001*

  High 48 (22.75) 72 (38.71) 1 1

  Low 163 (77.25) 114 (61.29) 1.69(1.06,2.69) 2.88(1.8,4.61)
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a need towards multiple micronutrients supplementa-
tion in addition to the started folic acid supplementa-
tion programs. Thus, antenatal multiple micro-nutrient 
supplement use has emerged as an important public 
health intervention for women in low-income coun-
tries and has benefits for pregnancy outcomes over and 
above IFA is documented, there is a need to understand 
the effectiveness of these supplements in improving the 
micronutrient status of pregnant women in the Ethio-
pian context, where concurrent micronutrient defi-
ciency is prevalent.

Conclusion
More than half of pregnant women in eastern Ethiopia 
were found to be iron, folate, and vitamin A deficient. 
The independent predictors of the deficiency were die-
tary diversity, ANC follow-up, and IFA supplementa-
tion. This demonstrates that micronutrient deficiencies 
are a significant public health issue in Ethiopia.

Abbreviations
ANC	� Antenatal care
ASF	� Animal source foods
DDS	� Dietary diversity score
EDHS	� Ethiopian Demographic and Health Survey
IDA	� Iron deficiency anemia
IFA	� Iron and folic acid
HDS-HRC	� Haramaya Demographic Surveillance and Health Research Center
MN	� Micronutrient
MMN	� Multiple Micronutrient
CA	� Principal Component Analysis
WHO	� World Health Organization

Acknowledgements
We would like to express our sincere appreciation to Haramaya University 
for funding this study. Special thanks go to the Haramaya District health 
office staff for their enormous support during the data collection period. 
We would like to express our sincere gratitude to Ethiopian Public Health 
Institute for determining the biochemical parameters included in this 
paper. Finally, we like to thank all the women who participated in the 
study, data collectors, and supervisors. Using this opportunity we want to 
acknowledge that the abstract of this paper is has been published recently 
on EPHA Conference Systems, 34th EPHA Annual Conference on the follow-
ing links: https://​confe​rence.​etpha.​org/​index.​php/​34thC​onfer​ence/​34thC​
onfer​ence/​paper/​view/​3618

Authors’ contributions
MBF, AKT, TAY, LO, TW, NYM, GA, DBG, WH, FCW, NTD, MW, TAH Were involved 
in the conception, design of the study, and statistical analysis and result inter-
pretation. MBF drafted the manuscript, which was reviewed for intellectual 
content by KTR, LO, AKT, TAY and WH. All authors read and approved the final 
version for submission and agreed to be accountable for all aspects of the 
article.

Funding
This study was funded by Haramaya University with grant number 223/2020. 
The funder has no role in the conception, design of the study, statistical analy-
sis, result interpretation, manuscript writing, or the decision for publication.

Availability of data and materials
All data are available within the manuscript. Additional data can be obtained 
from the corresponding author on a reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in agreement with the Declaration of Helsinki-
Ethical principle for medical research involving human subjects. The proposal 
was approved by the Institutional Health Research Ethics Review Committee 
(IHRERC) of the College of Health and Medical Sciences, Haramaya Univer-
sity (ref No: IHRERC/223/2020). Written informed consent or thumb-printed 
consent (illiterates) was obtained from all participants and legally authorized 
representatives “of minors below 16 years of age and illiterates” and confidenti-
ality was maintained by excluding all personal identifiers.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Public Health, Institute of Health Sciences, Wollega University, 
Nekemte, Ethiopia. 2 School of Nursing and Midwifery, College of Health 
and Medical Sciences, Haramaya University, Harar, Ethiopia. 3 Department 
of Obstetrics and Gynaecology, University Medical Centre Groningen, Uni-
versity of Groningen, Groningen, the Netherlands. 4 School of Public Health, 
College of Health and Medical Sciences, Haramaya University, Harar, Ethiopia. 
5 Department of National Clinical Chemistry Reference Laboratory, Ethiopian 
Public Health Institute, Addis Ababa, Ethiopia. 6 Food Science and Nutrition 
Research Directorate, Ethiopian Public Health Institute, Addis Ababa, Ethiopia. 

Received: 9 December 2022   Accepted: 9 June 2023

References
	1.	 Walle BM, Adekunle AO, Arowojolu AO, Dugul TT, Mebiratie AL. Micro-

nutrients deficiency and their associations with pregnancy outcomes: a 
review. Nutr Diet Suppl. 2020;12:237.

	2.	 WHO. World Health RGANIZATIon 2020 WHO antenatal care recommen-
dations for a positive pregnancy experience: nutritional interventions 
update: multiple micronutrient supplements during pregnancy.

	3.	 Vickers NJ. Animal communication: when i’m calling you, will you answer 
too? Curr Biol. 2017;27:R713–5.

	4.	 Parisi F, Di Bartolo I, Savasi V, Cetin I. Micronutrient supplementation in 
pregnancy: Who, what and how much? Obstetr Med. 2019;12:5–13.

	5.	 FAO. La situation Mondale de alimentation et de agriculture 2018. 
Migrations, agriculture et development rural. Rome; 2018. Available from: 
http://​www.​fao.​org/3/​I9549​FR/​i9549​fr.​pdf. Accessed 23 May 2022.

	6.	 Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, De Onis M, et al. 
Maternal and child undernutrition and overweight in low-income and 
middle-income countries. Lancet. 2013;382:427–51.

	7.	 Ota E, Mori R, Middleton P, Tobe‐Gai R, Mahomed K, Miyazaki C, et al. 
Zinc supplementation for improving pregnancy and infant outcome. 
Cochrane Database of Syst Rev. 2015; 2015:CD000230.

	8.	 Burke RM, Leon JS, Suchdev PS. Identification, prevention and treatment 
of iron deficiency during the first 1000 days. Nutrients. 2014;6:4093–114.

	9.	 Fite MB, Assefa N, Mengiste B. Prevalence and determinants of Anemia 
among pregnant women in sub-Saharan Africa: a systematic review and 
Meta-analysis. Archives of Public Health. 2021;79:219.

	10.	 Kassa GM, Muche AA, Berhe AK, Fekadu GA. Prevalence and determinants 
of anemia among pregnant women in Ethiopia; a systematic review and 
meta-analysis. BMC Hematology. 2017;17:1–9.

	11.	 Harika R, Faber M, Samuel F, Kimiywe J, Mulugeta A, Eilander A. Micronu-
trient status and dietary intake of iron, vitamin A, iodine, folate and zinc 
in women of reproductive age and pregnant women in Ethiopia, Kenya, 
Nigeria and South Africa: a systematic review of data from 2005 to 2015. 
Nutrients. 2017;9:1096.

	12.	 Mcnulty H, Ward M, Hoey L, Hughes CF, Pentieva K. Addressing optimal 
folate and related B-vitamin status through the lifecycle: health impacts 
and challenges. Proc Nutr Soc. 2019;78:449–62.

https://conference.etpha.org/index.php/34thConference/34thConference/paper/view/3618
https://conference.etpha.org/index.php/34thConference/34thConference/paper/view/3618
http://www.fao.org/3/I9549FR/i9549fr.pdf


Page 8 of 8Fite et al. BMC Nutrition            (2023) 9:72 

	13.	 Arias LD, Parra BE, Muñoz AM, Cárdenas DL, Duque TG, Manjarrés LM. 
Study exploring the effects of daily supplementation with 400 μg of folic 
acid on the nutritional status of folate in women of reproductive age. 
Birth Defects Res. 2017;109:564–73.

	14.	 Bitew ZW, Worku T, Alebel A & Alemu A. 2020. Magnitude and associated 
factors of neural tube defects in Ethiopia: A systematic review and meta-
analysis. Global Pediatric Health. 7: 2333794X20939423.

	15.	 Ritchie H & Roser M. 2017. Micronutrient deficiency. Our World in data.
	16.	 Bastos Maia S, Costa Caminha MDF, Lins Da Silva S, Rolland Souza 

AS, Carvalho Dos Santos C, Batista FM. The prevalence of vitamin A 
deficiency and associated factors in pregnant women receiving prenatal 
care at a reference maternity hospital in Northeastern Brazil. Nutrients. 
2018;10:1271.

	17.	 Mulu A, Kassu A, Huruy K, Tegene B, Yitayaw G, Nakamori M, et al. 
Vitamin A deficiency during pregnancy of HIV infected and non-infected 
women in tropical settings of Northwest Ethiopia. BMC Public Health. 
2011;11:1–7.

	18.	 Gebreselassie SG, Gase FE, Deressa MU. Prevalence and correlates of 
prenatal vitamin A deficiency in rural Sidama, Southern Ethiopia. J Health 
Popul Nutr. 2013;31:185.

	19.	 WHO 2006. World Health Organization. Guidelines on food fortification 
with micronutrients. Part II. Evaluating the public health significance of 
micronutrient malnutrition. 341. https://​www.​who.​int/​publi​catio​ns/i/​
item/​92415​94012. Accessed 23 May 2022.

	20.	 Shiferaw K, Mengistie B, Gobena T, Dheresa M, Seme A. Adequacy and 
timeliness of antenatal care visits among Ethiopian women: a commu-
nity-based panel study. BMJ Open. 2021;11: e053357.

	21.	 CSA 2016. Central Statistical Agency. Ethiopia demographic and health 
survey. Addis Ababa and Rockville: CSA and ICF; 2016

	22.	 Auerbach M, Abernathy J, Juul S, Short V, Derman R. Prevalence of iron 
deficiency in first trimester, nonanemic pregnant women. J Matern Fetal 
Neonatal Med. 2021;34:1002–5.

	23.	 Pravst I, Lavriša Ž, Hribar M, Hristov H, Kvarantan N, Seljak BK, et al. Dietary 
intake of folate and assessment of the folate deficiency prevalence in 
Slovenia using serum biomarkers. Nutrients. 2021;13:3860.

	24.	 GirmaGudata Z, Dheresa M, Mengesha G, Roba KT, Yusuf J, Daraje G, et al. 
Cohort Profile: The Haramaya Health and Demographic Surveillance 
System (Haramaya HDSS). Int J Epidemiol. 2022;51:e46–54.

	25.	 Fite MB, Tura AK, Yadeta TA, Oljira L, Roba KT. Prevalence and determi-
nants of dietary practices among pregnant women in eastern Ethiopia. 
BMC Nutrition. 2022;8:3.

	26.	 Fite MB, Tura AK, Yadeta TA, Oljira L, Roba KT. Prevalence, predictors of low 
birth weight and its association with maternal iron status using serum 
ferritin concentration in rural Eastern Ethiopia: a prospective cohort 
study. BMC Nutrition. 2022;8:70.

	27.	 WFP. Food consumption score vulnerability assessment and mapping. 2011
	28.	 Belachew T, Lindstrom D, Gebremariam A, Hogan D, Lachat C, Huybregts 

L, et al. Food insecurity, food-based coping strategies, and suboptimal 
dietary practices of adolescents in Jimma zone Southwest Ethiopia. PloS 
One.2013; 8: e57643.

	29.	 Gebreyesus SH, Lunde T, Mariam DH, Woldehanna T, Lindtjørn B. Is the 
adapted Household Food Insecurity Access Scale (HFIAS) developed 
internationally to measure food insecurity valid in urban and rural house-
holds of Ethiopia? BMC Nutrition. 2015;1:1–10.

	30.	 Torheim LE, Barikmo I, Parr CL, Hatløy A, Ouattara F, Oshaug A. Validation 
of food variety as an indicator of diet quality was assessed with a food fre-
quency questionnaire for Western Mali. Eur J Clin Nutr. 2003;57:1283–91.

	31.	 Demilew YM, Alene GD, Belachew T. Dietary practices and associated fac-
tors among pregnant women in West Gojjam Zone. Northwest Ethiopia 
BMC Pregnancy and Childbirth. 2020;20:18.

	32.	 Kennedy G, Ballard T & Dop MC. Guidelines for measuring household 
and individual dietary diversity, Food and Agriculture Organization of the 
United Nations 2011

	33.	 Bothwell TH, Charlton RW, International Nutritional Anemia Consultative 
Group. Iron deficiency in women. New York: Nutrition Foundation; 1981.

	34.	 Cordero AM, Crider KS, Rogers LM, Cannon MJ, Berry RJ. Optimal serum 
and red blood cell folate concentrations in women of reproductive age 
for prevention of neural tube defects: World Health Organization guide-
lines. MMWR Morb Mortal Wkly Rep. 2015;64:421–3.

	35.	 WHO 2009. Global prevalence of vitamin A deficiency in populations at 
risk 1995–2005: WHO global database on vitamin A deficiency. Geneva: 
World Health Organization; 2009. 1–5.

	36.	 Christian P, Murray-Kolb LE, Khatry S, Katz J, Schaefer BA, Cole PM, LeClerq 
SC, Tielsch JM. Prenatal micronutrient supplementation and intellectual 
and motor function in early school-aged children in Nepal. J Am Med 
Assoc. 2010;304:2716–23.

	37.	 Duggan C, Srinivasan K, Thomas T, Samuel T, Rajendran R, Muthayya S, 
Finkelstein JL, Lukose A, Fawzi W, Allen LH, et al. Vitamin B-12 supplemen-
tation during pregnancy and early lactation increases maternal, breast 
milk, and infant measures of vitamin B-12 status. J Nutr. 2014;144:758–64.

	38.	 Jiang T, Christian P, Khatry SK, Wu L, West JR, K. P. Micronutrient deficien-
cies in early pregnancy are common, concurrent, and vary by season 
among rural Nepali pregnant women. J Nutr. 2005;135:1106–12.

	39.	 Gernand AD, Aguree S, Pobee R, Colecraft EK & Murray-Kolb LE. 2019. 
Concurrent micronutrient deficiencies are low and micronutrient status is 
not related to common health indicators in Ghanaian women expecting 
to become pregnant. Current developments in nutrition. 3: nzz053.

	40.	 Hotz C & Brown KH. 2004. International Zinc Nutrition Consultative Group 
(IZiNCG) technical document 1: assessment of the risk of zinc deficiency 
in populations and options for its control.

	41.	 Assefa N, Abdullahi YY, Abraham A, Hemler EC, Madzorera I, Dessie Y, 
et al. Consumption of dietary folate estimates and its implication for 
reproductive outcome among women of reproductive age in Kersa: 
cross-sectional survey. BMC Nutrition. 2021;7:69.

	42.	 Sayed AR, Bourne D, Pattinson R, Nixon J, Henderson B. Decline in the 
prevalence of neural tube defects following folic acid fortification and its 
cost-benefit in South Africa. Birth Defects Res A. 2008;82:211–6.

	43.	 Darnton-Hill, I. Global burden and significance of multiple micronutrient 
deficiencies in pregnancy. In Meeting Micronutrient Requirements for 
Health and Development; Nestlé Nutrition Institute Workshop Series; 
Bhutta, Z.A., Hurrell, R.F., Rosenberg, I.H., Eds.; Karger: Basel, Switzerland, 
2012; 70: 49–60

	44.	 .Suharno D, Karyadi D, West C & Hautvast JG. Supplementation with 
vitamin A and iron for nutritional anaemia in pregnant women in West 
Java, Indonesia. Lancet. 1993;342:1325–8.

	45.	 WHO 2021. WHO recommendation on multiple micronutrient supple-
mentation during pregnancy. Available: https://​srhr.​org/​rhl/​artic​le/​who-​
recom​menda​tion-​on-​multi​ple-​micro​nutri​ent-​suppl​ement​ation-​during-​
pregn​ancy. Accessed 23 May 2022.

	46.	 Ramlal R, Tembo M, King C, Ellington S, Soko A, Chigwenembe M, the 
BAN Study Team, E. Dietary patterns and maternal anthropometry in 
HIV infected, pregnant Malawian women. Nutrients. 2015;7(1):584–94. 
https://​doi.​org/​10.​3390/​nu701​0584. Accessed 23 May 2022.

	47.	 Rayyani E, Siassi F, Djafarian K, Qorbani M, Pak N, Sotoudeh G. Associa-
tions of the Dietary Diversity Score and Food Variety Score with Serum 
Magnesium and Ferritin Status. J Nutr Fasting Health. 2019;7:151–9.

	48.	 Conde-Agudelo A, Rosas-Bermudez A, Castaño F, Norton MH. Effects of 
birth spacing on maternal, perinatal, infant, and child health: a systematic 
review of causal mechanisms. Stud Fam Plann. 2012;43:93–114.

	49.	 Nguyen PH, Kachwaha S, Tran LM, Avula R, Young MF, Ghosh S, et al. 
Strengthening nutrition interventions in antenatal care services affects 
dietary intake, micronutrient intake, gestational weight gain, and breast-
feeding in Uttar Pradesh, India: Results of a cluster-randomized program 
evaluation. J Nutr. 2021;151:2282–95.

	50.	 Rutstein SO. Effects of preceding birth intervals on neonatal, infant and 
under-five years mortality and nutritional status in developing countries: 
evidence from the demographic and health surveys. Int J Gynecol 
Obstet. 2005;89:S7–24.

	51.	 World Health Organization. WHO Recommendations on Antenatal Care 
for a Positive Pregnancy Experience. Geneva, Switzerland: World Health 
Organization; 2016.

	52.	 WHO 2012. World Health Organization (WHO). Daily iron and folic acid 
supplementation in pregnant women: guideline. Daily iron and folic acid 
supplementation in pregnant women: guideline

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.who.int/publications/i/item/9241594012
https://www.who.int/publications/i/item/9241594012
https://srhr.org/rhl/article/who-recommendation-on-multiple-micronutrient-supplementation-during-pregnancy
https://srhr.org/rhl/article/who-recommendation-on-multiple-micronutrient-supplementation-during-pregnancy
https://srhr.org/rhl/article/who-recommendation-on-multiple-micronutrient-supplementation-during-pregnancy
https://doi.org/10.3390/nu7010584

	Co-occurrence of iron, folate, and vitamin A deficiency among pregnant women in eastern Ethiopia: a community-based study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study settings and period
	Study design and population
	Sample size and sampling procedures
	Data collection
	Biochemical measurement
	Data quality assurance

	Data processing and analysis
	Ethical considerations

	Results
	Socio-demographic characteristics
	Level of Factors associated withco-occurrence of iron, folate, and vitamin A deficiency
	Factors associated withco-occurrence of iron, folate, and vitamin A deficiency

	Discussion
	Conclusion
	Acknowledgements
	References


