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Abstract

Background

Folate deficiency (FD) can cause adverse health outcomes of public health significance.
Although FD is a significant micronutrient deficiency in Ethiopia, concrete evidence is lim-
ited. Therefore, this systematic review and meta-analysis was designed to estimate the
pooled prevalence of FD among women of reproductive age (WRA).

Methods

A systematic literature search was performed using MEDLINE, Embase, CINAHL, Google
Scholar, African Journals Online (AJOL), The Vitamin and Mineral Nutrition Information Sys-
tem (VMNIS) of the World Health Organization (WHO), Global Health Data Exchange
(GHDx), and institutional repositories of major universities and research centers. Addition-
ally, we scanned the reference lists of relevant articles. Two authors independently selected
the studies, extracted the data, and the study risk of bias. Heterogeneity was assessed
using the F statistic. We used a random-effects model to estimate the pooled mean serum/
plasma folate and the pooled prevalence of FD. Begg's and Egger’s tests were used to
check publication bias.

Results

Ten studies—nine cross-sectional and one case-control—with a total of 5,623 WRA were
included in the systematic review and meta-analysis. Four (WRA = 1,619) and eight (WRA =
5,196) cross-sectional studies were used to estimate the pooled mean serum/plasma folate
and prevalence of FD, respectively. The pooled mean serum/plasma folate concentration
estimate was 7.14 ng/ml (95% CI: 5.73, 8.54), and the pooled prevalence of FD was esti-
mated to be 20.80% (95% Cl: 11.29, 32.27). In addition the meta-regression analysis
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showed that the sampling technique was significantly associated with mean serum/plasma
folate concentration.

Conclusions

FD is a significant public health issue among WRA in Ethiopia. Therefore, the public health
strategies of the country should focus on promoting the consumption of folate-rich foods,
strengthening the coverage of folic acid supplementation and its adherence, and swift trans-
lation of the mandatory folic acid fortification into action.

Systematic review registration
PROSPERO 2022—CRD42022306266.

Introduction

Folate is a naturally occurring essential vitamin mainly found in green leafy vegetables and
legumes [1]. It is necessary for deoxyribonucleic acid (DNA) replication and normal cell for-
mation and growth [2]. Therefore, folate deficiency (FD) reduces thymidylic acid and
increases homocysteine in the body, resulting in several health risks [3].

Folate deficiency is caused primarily by inadequate dietary intake [4, 5] and partly by medi-
cal and physiologic conditions that increase the need or excretion of folate [5-8]. Different
study findings show that iron deficiency anemia [4, 9], knowledge of folate-rich foods [4, 10],
and folic acid supplementation [11] are significantly associated with FD. Folate intake is sub-
optimal in the diets of many WRA and exacerbated by overcooking foods and poor bioavail-
ability [8], estimated to be from 50% to 82% [12, 13]. In several developed countries, fortifying
grains with folic acid has increased folate intake [14]. However, in Ethiopia, the unavailability
of fortified foods further increases the risk of folate insufficiency, particularly for vulnerable
populations such as WRA [4, 15].

A definition for what constitutes a public health problem for folate deficiency is not well
established [16] due to limited relevant population-based data [17]. However, a 5% and above
prevalence generally represents a public health problem [16-19]. Therefore, folate deficiency is
considered a severe public health issue, especially among disadvantaged groups in developing
countries, including Ethiopia [20, 21]; some of the most affected groups by FD include WRA
(5,7, 17].

According to a global systematic review based on the available evidence of folate status in
WRA, the prevalence of FD was greater than 20% in many low-income countries, which is far
above the general threshold for public health concerns. However, in high-income countries,
the prevalence was less than 5%. In this review the prevalence of folate insufficiency was more
than 40% in most countries [22]. Among different African countries, the prevalence of FD in
pregnant women fluctuated from 0.8% in Kenya to 86.1% in Cote d’Ivoire [9, 23-26]. Simi-
larly, different study findings in Ethiopia show the prevalence of FD in WRA ranging from
1.9% to 46% [4, 10, 27-32]. However, in most of these studies, the prevalence of FD was above
5%—indicating its public health significance in the country.

The consequences of FD among WRA include megaloblastic anemia [8, 33-35] and neural
tube defects (NTDs) [36-39]. Maternal anemia is highly prevalent in Ethiopia [40]; however,
reports showing FD as the etiology of anemia are unavailable. Folate deficiency is a significant
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risk factor for neural tube defects (NTDs), which affects more than 300,000 births worldwide
and 65 per 10,000 births in Ethiopia [36-39]. As countries progress in reducing child mortality
from infectious diseases, congenital disabilities become a more significant cause of under-five
mortality in many countries [41]. Other consequences of FD include abortion [33-35], pre-
term birth [33], and hyperhomocysteinemia, which is a risk factor for metabolic and cardio-
vascular diseases [3, 34, 35, 42].

Folate deficiency among WRA is one of the significant public health issues in Ethiopia [43].
Therefore, to address this problem, the Ethiopian Government adopted the global targeted
iron and folic acid supplementation for pregnant women during their antenatal care visits to
reduce the prevalence of anemia in WRA and children under five [44]. Additionally, in 2022,
the country endorsed the mandatory fortification of edible oil and wheat flour with folic acid,
an effective intervention strategy to overcome the burden of FD [45]. However, to our knowl-
edge, no systematic review and meta-analysis study has addressed FD among WRA in Ethiopia
to provide high-level evidence for policymakers to track the progress, evaluate the impact of
existing programs and design further context-specific interventions. Therefore, this systematic
review and meta-analysis was designed to address the gap and estimate the exact prevalence of
FD among WRA in Ethiopia.

Methods and materials

Registration

This systematic review and meta-analysis was performed, according to the protocol registered
in the International Prospective Register of Systematic Reviews (PROSPERO) on 22 February
2022, with registration ID: CRD42022306266.

Search strategy

Studies were identified by searching electronic databases, institutional and organizational
repositories, and websites. Additionally, the reference lists of key articles were examined to
retrieve additional related studies. From the electronic databases, we searched MEDLINE (via
PubMed), Embase (via Ovid), CINAHL (via EBSCOhost), African Journals Online (AJOL),
and Google Scholar. The Vitamin and Mineral Nutrition Information System (VMNIS) of the
World Health Organization (WHO), Global Health Data Exchange (GHDx), institutional
repositories of major universities (including Addis Ababa University, Jimma University,
Hawassa University, Haramaya University, Arbaminch University, University of Gondar,
Bahir Dar University, and Mekelle University), and the institutional repositories of research
centers (including the Ethiopian Public Health Institute (EPHI), Ethiopian Health and Nutri-
tion Research Institute (EHNRI) and Ethiopian Nutrition Institute (ENI)) were searched for
reports and unpublished articles.

The search was first conducted on 28 February 2022, and updated on 31 May 2022. Two
authors (BG and HSR) performed the search activities independently. The following search
terms were used to find all relevant studies in the databases and other sources: "prevalence”,
"magnitude", "status", "level", "folate", "folic acid", "micronutrient”, "deficiency" and "Ethiopia".
The search terms were used separately and in combination using the Boolean operators 'OR’
and ’AND’ (S1 Text). The PRISMA guideline for systematic review [46] was used to report the
search results.

PLOS ONE | https://doi.org/10.1371/journal.pone.0285281 May 8, 2023 3/22


https://doi.org/10.1371/journal.pone.0285281

PLOS ONE

Folate deficiency among women of reproductive age in Ethiopia

Eligibility criteria

The studies which fulfilled the following criteria were included: all observational study designs
(cross-sectional, case-control, and cohort studies) which reported mean or median serum or
plasma folate, or prevalence of FD, published in the English language from 2004 to 2022, full-
text articles, conducted among WRA (15-49 years old) in Ethiopia, studies with a response
rate greater than 80%, reporting quality assurance methods, and quality assessment score bet-
ter than 50%. For any studies from the same survey, we selected and included the study that
reported the desired outcomes and the extracted variables clearly. Studies were excluded if
they were found to have a poor quality score as per the stated criteria, were review articles,
qualitative studies, abstracts, or failed to determine the desired outcomes (i.e., mean or median
serum or plasma folate or FD).

The outcome variable was "folate deficiency’ and was defined according to the WHO rec-
ommendation as follows: (1) serum or plasma folate <3 ng/mL or red blood cells (RBC) folate
<100 ng/mL (using macrocytic anaemia as a haematological indicator); (2) serum or plasma
folate <4 ng/mL or RBC folate <151 ng/mL (using homocysteine concentration as a metabolic
indicator). Folate insufficiency (level of folate below which is a risk for NTD) was defined as
RBC folate < 400 ng/mL [47].

Study risk of bias and quality assessment

We assessed the risk of bias and quality of the included studies using the Joanna Briggs Insti-
tute (JBI) Critical Appraisal Checklist for Studies Reporting Prevalence Data [48]. The check-
list contains nine items: (1) appropriateness of the sample frame to address the target
population, (2) appropriateness of sampling procedure/technique, (3) adequacy of sample size,
(4) detail description of study subjects and setting, (5) sufficiency of data analysis coverage of
the identified sample, (6) validity of methods used for the identification of the condition, (7)
measurement of the condition in a standard and reliable way for all WRA, (8) appropriateness
of statistical analysis, and (9) adequacy of response rate and appropriateness of management of
low response rate.

Two review authors (BG and HSR) independently applied the checklist to assess the risk of
bias in each included study. If there were any discrepancies between the two review authors,
first, the two authors discussed the issue trying to reach a consensus, with a third review author
(AG, DT or HA) acting as an arbiter if necessary. Finally, studies with a quality assessment
score of greater than 50% were included in the systematic review; fortunately, all the assessed
studies scored above 60% (S1 Table).

Data collection (extraction) process

A structured data extraction format, prepared using Microsoft Excel 2010, was used to extract
all the necessary data. Two reviewers (BG and HSR) independently extracted the data from the
eligible studies. Disagreements between the two authors were resolved through discussions
and consultations with a third review author (AG, DT or HA). For each included study, we
extracted the following study characteristics: authors’ names and publication date, study year,
study setting, study scale/level, study population, sample size, sampling technique, response
rate, mean age of WRA, fasting status of WRA during blood sample taking, laboratory assay
methods and biomarkers used, cut-off-point used, mean or median serum and/or RBC folate
concentration, the prevalence of FD and associated factors of FD.
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Data synthesis and analysis

The meta-analyses were performed using STATA version 16.0 statistical software package. A
random-effects model was applied to estimate the pooled mean serum/plasma folate level and
the pooled prevalence of FD in WRA [49]. We used the metan and metaprop STATA com-
mands to estimate the pooled mean serum or plasma folate and the pooled prevalence of FD,
respectively. The standard error for mean serum/plasma folate was generated using the follow-
ing formula: se = % [50], where se = standard error, SD = Standard Deviation and n = sample

size. We generated and used the standard error instead of standard deviation to give more
weight to studies with precise estimates and to include the role of sample size in the
estimation.

Forest plots were used to present the results of pooled estimates with a 95% confidence
interval (CI). The I* statistic was used to test heterogeneity among studies. To explore the
sources of heterogeniety, subgroup analysis was done for the mean serum/plasma folate level
by survey year and sampling technique. Additionally, subgroup analysis was done for the prev-
alence of FD by population group and mean age of WRA. Begg’s rank correlation test and
Egger’s linear regression test were used to check for the publication bias. Leave-one-out sensi-
tivity analysis was performed to show how each individual study affects the overall estimate of
the rest of the studie. Finally, meta-regression analyses were carried out to identify parameters
associated with FD.

Ethics statement

All analyses were based on previously done original studies. Therefore, no ethics approval or
patient/participant consent was required.

Results
Study selection process

Initially, 1600 studies were identified from the electronic searches. Of these, 1560 were pub-
lished articles, while 40 were theses and organizational reports. After removing 97 duplicates,
1503 records were screened by title and abstract, and 1467 studies were excluded. Next, 36 rec-
ords were further assessed for risk of bias and eligibility, and 26 studies were excluded (23 did
not meet the eligibility criteria, and three had duplicated content). Finally, ten studies were
included in the systematic review and meta-analysis (Fig 1).

Characteristics of included studies

This systematic review and meta-analysis included 10 studies [4, 10, 27-32, 51, 52] with a total
of 5,623 WRA, which were conducted between 2004 and 2022. Among the studies, nine [4, 10,
27-32, 52] were cross-sectional studies, and one was a case-control [51]. Regarding the study
setting, six of the studies [4, 27, 28, 30, 31, 52] were done at the community level, while the
other four [10, 29, 32, 51] were institutional-based. Three studies [4, 28, 30] were conducted at
a national level, whereas the other seven were conducted at the sub-national/local level—three
in Oromia Region [29, 32, 52], one in Amhara Region [31], one in Sidama Region [27], and
two in Addis Ababa City Administration [10, 51].

Six studies [10, 27, 29, 32, 51, 52] were conducted among pregnant women, and two were
[28, 30] done among non-pregnant/non-lactating women. However, two studies [4, 31] were
performed generally in WRA without specifying the physiological status of the women. Five
studies [4, 28, 30, 31, 52] applied probability sampling techniques, while the other five [10, 27,
29, 32, 51] used non-probability sampling. The sample size of the studies ranged from 99 [27]
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Databases (n = 1560) Duplicate records removed (n=32) s Duplicate records removed
(n=97) Reference lists of key (n=0)

studies (n=8)

A

A
Records screened Records excluded by title Records screened Records excluded by title
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Studies included in review

(n=10)

Fig 1. PRISMA flow diagram showing the selection process of studies for the systematic review and meta-analysis on folate deficiency among
women of reproductive age in Ethiopia, 2022.

https://doi.org/10.1371/journal.pone.0285281.g001

to 1647 [30], with response rates ranging from 89.5% [31] to 100% [4, 28, 29, 32, 51]. Nine of
the studies [4, 10, 27, 29-32, 51, 52] reported mean (+ SD) age of the WRA, ranging from 24.5
(+5.0) [32] to 33.1 (+ 7.2) [31] years.

Concerning the laboratory methods, three studies [4, 10, 51] used fasting blood samples,
one [27] used non-fasting blood samples, and six studies [28-32, 52] did not report the fasting
status. Seven studies [4, 10, 27, 29, 32, 51, 52] used one of the protein binding assays to assess
folate status, two studies [30, 31] used microbiological assays, and one study [28] did not
report the type of assay used. Additionally, eight studies [4, 27-29, 31, 32, 51, 52] reported
serum/plasma folate as a biomarker, one reported RBC folate [10], and one study reported
both serum and RBC folate [30].

Out of those included, six of the cross-sectional studies [4, 27, 29, 31, 52] reported mean
(+ SD) serum/plasma folate concentration, ranging from 4.5 ng/ml (+ 0.1) in Oromia Region
[52] to 12.6 ng/ml (SD not reported) in Amhara Region [31]. The single case-control study
[51] also reported mean (+ SD) serum/plasma folate concentration for the cases (4.4 ng/ml
(+ 1.8)), and controls (8.0 ng/ml (+ 3.0)), separately. On the other hand, one cross-sectional
study [32] reported median (IQR) serum folate concentration as 4.2 ng/ml (2.3) and the case-
control study [51] reported 4.8 ng/ml (3.7) for the cases and 8.9 ng/ml (5.3) for the controls.
Whereas, one study [10] reported median (IQR) RBC folate concentration as 585 ng/ml (IQR
not reported), and another one study [30] reported both median (IQR) serum and RBC folate
concentrations as 5.0 ng/ml (4.5) and 255.5 ng/ml (174), respectively.
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Eight of the cross-sectional studies [4, 27-32, 52] reported FD fluctuating from 1.9% [31] in
Ambhara Region to 46.0% [4] in a national study. Three of these studies [4, 29, 31] also reported
possible or marginal FD, varying from 2.6% [31] to 21.2% [4]. On the other hand, the case-
control study [51] merged the FD and possible FD, and found 57% for the cases and 33.5% for
the controls. However, one cross-sectional study [10] reported folate insufficiency instead of
FD.

From all studies, two [4, 52] described four factors associated with FD, while another study
[10] found one associated with folate insufficiency. Accordingly, poor vegetable and grain
intake [4], poor knowledge on folate-rich foods [52], iron deficiency anemia [4, 52], and no
iron-folic acid supplementation [52] were identified as the significant predictors of FD. Simi-
larly, poor vegetable intake [10] was significantly associated with folate insufficiency (Table 1).

Risk of bias and quality assessment

The risk of bias and quality of the studies was assessed by the Joanna Briggs Institute (JBI) Crit-
ical Appraisal Checklist for Studies Reporting Prevalence Data [48], a 9-item based checKklist,
indicated in the methods and materials section. The overall quality assessment score, with a
potential total of 9 points, ranged from 6 (66.7%) to 9 (100%) points. In all (100%) of the
included studies, the study subjects and settings were described in detail; valid methods were
used for the identification of the condition; the data analysis was performed with sufficient
coverage of the identified samples and response rates were adequate. However, the sampling of
WRA was inappropriate in 5 (50%) of the studies and sample size was inadequate in 6 (60%)
studies (S1 Table).

Mean serum/plasma folate concentration

Four cross-sectional studies totaling 1,619 WRA were included in the meta-analysis to estimate
the pooled mean serum/plasma folate level. Three of the studies [4, 27, 29] were published arti-
cles, and one was a master thesis [52]. Two of the studies were from Oromia Region [29, 52],
one was from Sidama Region [27], and one [4] was a national study. Concerning the study set-
ting, three studies [4, 27, 52] were community-based whereas one [29] was an institution-
based study. The studies were conducted in 2004 [27], 2005 [4], 2015 [29] and 2021 [52].
Three studies [27, 29, 52] were conducted in pregnant women, while one [4] was in WRA. All
four studies used protein binding assay to analyze the serum/plasma folate level. Two studies
[4, 52] used probability sampling and the other two [27, 29] used non-probability sampling.
The sample size of the studies ranged from 99 [27] to 970 [4], with a response rate ranging
from 94.5% [27] to 100% [4, 29]. The mean (+ SD) serum/plasma folate concentration varies
from 4.5 ng/ml (+ 0.1) [52] to 11.5 ng/ml (+ 5.6) [27] (Table 1).

The meta-analysis revealed that the pooled estimate of the mean serum/plasma folate con-
centration was 7.14 ng/ml (95% CI: 5.73, 8.54). The analysis revealed considerable between-
study heterogeneity (I = 99.0%, p = 0.000) (Fig 2). The Egger’s test detected significant publi-
cation bias (p = 0.000), however, it was not detected in the Begg’s test (p = 0.09).

Prevalence of folate deficiency

The meta-analysis included eight cross-sectional studies conducted from 2004 to 2021, with a
total of 5196 WRA, to estimate the pooled prevalence of FD. Four of the studies [4, 27-29]
were published articles, three [31, 32, 52] were master theses, and one [30] was an organization
survey report. Six of the studies [4, 27, 28, 30, 31, 52] were community-based and two [29, 32]
were institutional-based. Of the eight studies, three [4, 28, 30] were done at national level,
while five were conducted at the sub-national/local level—three studies were from Oromia
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Fig 2. Forest plot of mean serum/plasma folate level among women of reproductive age in Ethiopia, 2022. NOTE: Weights are from random-effects

model.

https://doi.org/10.1371/journal.pone.0285281.9002

Region [29, 32, 52], one from Amhara Region [31], and one from Sidama Region [27]. Preg-
nant women were the target group in four studies [27, 29, 32, 52], and non-pregnant/non-lac-
tating women were the targets of two studies [28, 30]. Nevertheless, two studies [4, 31] were
done generally in WRA without specifying the physiological status of the women. Five studies
[4,27,29, 32, 52] used protein binding assays, two [30, 31] used microbiological assays, and
one [28] did not report the type of laboratory assay. From the studies, five [4, 28, 30, 31, 52]
applied probability sampling techniques, while three [27, 29, 32] used non-probability sam-
pling. The sample varied from 99 [27] to 1647 [30], with response rates ranging from 89.5%
[31] to 100% [4, 28, 29, 32]. The prevalence of FD was widespread from 1.9% [31] in a study
reported from Amhara Region to 46.0% [4] in a national study (Table 1).
In this meta-analysis, the pooled prevalence of FD was estimated to be 20.80% (95% CI:

11.29, 32.27). The meta-analysis indicated marked evidence of heterogeneity among the stud-
ies (I = 98.71%, p = 0.00) (Fig 3). No significant publication bias was detected using Egger’s
(p=0.51) and Begg’s (p = 0.17) tests.
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Fig 3. Forest plot of the prevalence of folate deficiency among women of reproductive age in Ethiopia, 2022.

https://doi.org/10.1371/journal.pone.0285281.9003

Subgroup analysis for mean serum/plasma folate concentration

To explore sources of heterogeneity, sub-group analyses were performed for the mean serum/
plasma folate level by survey year and sampling technique. Consequently, the level of mean
serum/plasma folate was higher among studies from 2015 or earlier (n = 3), (8.18 ng/ml, 95%
CI: 5.38, 10.98) compared to those conducted after 2015 (n = 1) (4.50 ng/ml, 95% CI: 4.49,
4.51). There was considerable between-group heterogeneity (p = 0.01) (Fig 4).

Likewise, the mean serum/plasma folate was higher among studies which used non-proba-
bility sampling techniques (n = 2) (9.52 ng/ml, 95% CI: 5.70, 13.34) compared to those that
used probability sampling (n = 2) (5.04 ng/ml, 95% CI: 3.97, 6.12). Significant heterogeneity
was observed between the groups (p = 0.03) (Fig 5).

Subgroup analysis for the prevalence of folate deficiency

We also performed subgroup analyses for the prevalence of FD to find out the possible sources
of heterogeneity. Subgroup analysis by population/target group indicated that the prevalence
of FD was higher among WRA (unspecified/general population group) (n = 2), (36.73%, 95%
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Fig 4. Forest plot of subgroup analysis for mean serum/plasma folate level by survey year among women of reproductive
age in Ethiopia, 2022. NOTE: Weights and between-subgroup heterogeneity test are from random-effects model.

https://doi.org/10.1371/journal.pone.0285281.9004

CI: 33.96, 39.55) than the non-pregnant/non-lactating (n = 2), (24.08%, 95% CI: 22.63, 25.57)
and pregnant women (n = 4), (20.01, 95% CI: 3.34, 45.44). The between-groups heterogeneity
was significant (p = 0.000) (Fig 6).

In the same way, the prevalence of FD was higher among women older than 30 years
(n=2), (36.73%, 95% CI: 33.96, 39.55) compared to those aged 30 years or less (n = 5),
(19.53%, 95% CI: 7.10, 36.10). Significant between-groups heterogeneity was observed
(p = 0.045) (Fig 7).

Sensitivity analysis

We performed influential sensitivity (leave-one-out) analysis to assess the effect of each indi-
vidual study on the observed heterogeneity. Accordingly, the overall point estimate fell within
the CI of each sub-set of the studies obtained by leaving out exactly one study. This indicates

that no individual study significantly affected the overall estimate of the rest of the studies
(Table 2).

Meta-regression

Meta-regression was performed for the mean serum/plasma folate level and FD for covariates
to explain the possible sources of heterogeneities observed in the studies. Accordingly, sam-
pling technique was found to be the only covariate significantly associated with mean serum/
plasma folate. The application of non-probability sampling technique increased the mean
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Fig 5. Forest plot of subgroup analysis for mean serum/plasma folate level by sampling technique among women of reproductive age in
Ethiopia, 2022. NOTE: Weights and between-subgroup heterogeneity test are from random-effects model.

https://doi.org/10.1371/journal.pone.0285281.9005

serum/plasma folate level by 4.45 ng/ml (95% CI: 0.57, 8.33; p = 0.025) compared to probabil-
ity sampling method. No covariate showed a significant association with FD (Table 3).

Discussion

Given that there is a paucity of evidence on folate status, particularly in low-income countries
[22], this systematic review and meta-analysis was a step towards estimating the pooled mean
serum/plasma folate and prevalence of FD among WRA—a vulnerable population group—in
Ethiopia, a low-income country. This will provide an essential step for policymakers and other
stakeholders in designing, planning and implementing future context-specific interventions
on folate.

Ten studies were eligible for this review; however, two [10, 51] were not considered in the
meta-analyses. One of these two studies reported folate insufficiency instead of FD [10], and
the other reported both possible/marginal FD and FD combined into one [51]. On the other
hand, only two studies reported factors associated with FD. We did not perform a meta-analy-
sis because iron deficiency anemia was the single factor reported in these studies [4, 52]. There-
fore, we calculated pooled mean serum/plasma folate and pooled prevalence of FD from four
[4,27, 29, 52] and eight [4, 27-32, 52] studies, respectively.

The current meta-analysis revealed that the pooled mean serum/plasma folate estimate was
7.14 ng/ml (95% CI: 5.73, 8.54). It was significantly higher among studies that applied non-
probability sampling and those conducted in 2015 or earlier. Besides, the meta-regression
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Fig 6. Forest plot of subgroup analysis for the prevalence of folate deficiency by population group among women of reproductive age in

Ethiopia, 2022.

https://doi.org/10.1371/journal.pone.0285281.9006

analysis showed that the non-probability sampling technique was significantly associated with
the mean serum/plasma folate. Although there is no comparative meta-analysis, the mean
serum/plasma folate was consistent with study findings from Nepal (5.9 ng/ml) [53], Georgia
(7.2 ng/ml) [54], Iran (8.0 ng/ml) [55], Lebanon (8.4 ng/ml) [56] and Senegal (8.5 ng/ml) [24].
However, it was lower than the findings of various studies in different parts of the world,
where the mean serum/plasma folate ranged from 8.6 ng/ml in Austria to 16.3 ng/ml in Ecua-
dor [57-67]. On the other hand, it was slightly higher than one national study included in this
meta-analysis (5.6 ng/ml) [4]. Additionally, it was higher than the findings of several studies,
where the mean serum/plasma folate ranged from 2.3 ng/ml in Mongolia to 5.7 ng/ml in Tur-
key [23, 68-73].

The discrepancies in the mean serum/plasma folate could be due to the differences in
socio-economic status, study scale, population group, study period, blood sample collection
and storage method, the type of laboratory assay used, and eating habits. Our meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0285281 May 8, 2023 13/22


https://doi.org/10.1371/journal.pone.0285281.g006
https://doi.org/10.1371/journal.pone.0285281

PLOS ONE

Folate deficiency among women of reproductive age in Ethiopia

Folate deficiency by age

%

Study ES (95% CI) Weight
Above 30 years old
Bekele and Baye, 2019 1.68 (0.35, 4.82) 14.25

Haidar et al., 2010
Subtotal (I"2=.%,p=".)

30 years old or below

—— 46.08 (42.91, 49.28) 14.56

<> 36.73 (33.96,39.55)  28.81

Elema et al., 2018 —_— 17.31 (10.59, 25.97) 13.99
EPHI, 2016 -I-E 17.30 (15.51, 19.22) 14.59
Gibson et al., 2008 - E 2.02 (0.25,7.11) 13.96
Mebratu and Baye, 2016 —_—— 21.77 (15.39, 29.32) 14.17

—— 49.33 (44.59, 54.07) 14.48

1
Yusuf et al., 2021 '

Subtotal (I"2 =98.17%, p = 0.00 <>' 19.53 (7.10, 36.10) 71.19
:
1
Heterogeneity between groups: p | 0.045 .
Overall (I"2 =98.86%, p = 0.00) <> 19.21 (7.67, 34.32) 100.00

Proportion

Fig 7. Forest plot of subgroup analysis for the prevalence of folate deficiency by mean age among women of reproductive age in Ethiopia, 2022.

https://doi.org/10.1371/journal.pone.0285281.9007

Table 2. Leave-one-out sensitivity analysis showing the influence of each individual study on the overall estimate
in the mean serum/plasma folate level (n = 4) and the prevalence of folate deficiency (n = 8) among women of
reproductive age in Ethiopia, 2022.

Study omitted Pooled mean serum/plasma folate level in ng/ml | Pooled prevalence of folate deficiency
(95% CI) (95% CI)

Bekele and Baye, — 24.89 (14.93, 36.41)

2019

Bromage et al, 2021 | — 19.21 (7.67, 34.32)

EPHI, 2016 . 21.30 (10.58, 34.49)

Elema et al., 2018
Gibson et al., 2008
Haidar et al., 2010

Mebratu and Baye, | — 20.65 (10.44, 33.20)
20

Yusufetal, 2021 | 8.18 (5.38, 10.98) 17.31 (8.30, 28.71)
Combined 7.14 (5.73, 8.54) 20.80 (11.29, 32.27)
(overall)

6.94 (5.46, 8.43)
5.84 (4.65, 7.03)
7.83 (4.25,11.41)

https://doi.org/10.1371/journal.pone.0285281.t1002

21.29 (11.03, 33.77)
24.49 (14.09, 36.66)
17.64 (8.61, 28.98)
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Table 3. Meta-regression result of covariates to explain heterogeneity observed in the mean serum/plasma folate
level (n = 4) and folate deficiency (n = 8) among women of reproductive age in Ethiopia, 2022.

Outcome variable Covariates ‘ Coefficient (95% CI) | Standard Error P-value
Survey year
2015 or earlier 3.70 (-3.01, 10.41) 0.34 0.28
After 2015 Reference
Scale of study
National -2.23 (-10.12, 5.65) 4.02 0.58
Sub-national/local Reference
Study setting
Community-based -0.43 (-8.90, 8.02) 431 0.92
Institution-based Reference
Sampling technique
Non-probability 4.45 (0.57, 8.33) 1.98 0.03
Probability Reference
Sample size
<500 2.23 (-5.65, 10.12) 4.02 0.58
>500 Reference
Mean age -0.09 (-1.28,1.10) 0.61 0.89
Folate deficiency | Survey year
2015 or earlier -0.07 (-0.34, 0.21) 0.14 0.64
After 2015 Reference
Scale of study
National 0.12 (-0.14, 0.38) 0.13 0.34
Sub-national/local Reference
Study setting
Community-based 0.06 (-0.25, 0.38) 0.16 0.70
Institution-based Reference
Population group
Non-pregnant/non-lactating | -0.01 (-0.41, 0.41) 0.21 0.98
Pregnant -0.01 (-0.38, 0.35) 0.19 0.94
WRA (unspecified) Reference
Sampling technique
Non-probability 0.16 (-0.42, 0.10) 0.13 0.23
Probability Reference
Laboratory assay
Protein binding 0.19 (-0.11, 0.49) 0.15 0.21
Microbiological Reference
Sample size
<500 -0.12 (-0.38, 0.14) 0.13 0.34
>500 Reference
Mean age -0.01 (-0.52, 0.04) 0.02 0.85

https://doi.org/10.1371/journal.pone.0285281.t003

focused on one of the low income-countries (i.e., Ethiopia) with limited coverage and adher-
ence to folic acid supplementation. Although mandatory folic acid fortification has been
endorsed by the country [45], its translation into action has been limited. Contrary to our
review, most other studies were primary studies (not meta-analyses) from middle- and high-
income countries. Additionally, these middle- and high-income countries have better coverage
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and adherence to folic acid supplementation and long history of endorsing of mandatory folic
acid fortification and effective implementation.

The other point is that different studies use different methods and procedures for blood
sample collection and storage and laboratory analysis, such as laboratory assays. Folate results
show poor comparability across the laboratory methods, sometimes even within the same ana-
Iytical technique [74, 75]. A single assay with different calibrators and laboratory set-ups can
even produce different results [22], making it challenging to compare folate concentrations
across surveys.

Differences in dietary habits across communities, including fasting and folic acid supple-
mentations, could also explain the discrepancies, as serum/plasma folate is easily affected by
recent intake [76]. Serum folate concentrations are approximately 10% higher in nonfasting
than in fasting persons, complicating sample collection in field studies [77].

A significant driver of much of the recent public health attention to the importance of folate
has been the link to NTDs [16]. In light of this, our systematic review and meta-analysis
highlighted that the pooled prevalence of FD was 20.80% (95% CI: 11.29, 32.27), which was
four times higher than the threshold for a country-wide public health problem (i.e., greater
than 5%) [16-19]. Therefore, FD is clearly a concern in Ethiopia. Furthermore, significant dif-
ferences were observed in the sub-group analysis by population group and mean age of WRA;
meaning the prevalence was higher among WRA (unclassified population group) than the
non-pregnant/non-lactating and pregnant women. In addition, it was higher among women
above 30 years. However, no covariate was significantly associated with FD.

The prevalence of FD in this meta-analysis was consistent with one systematic review and
meta-analysis, which pooled 45 surveys conducted in 39 countries from 2000 to 2014. Only 11
surveys were from lower economic countries; the pooled FD was greater than 20% for most
countries [22]. Likewise, it was consistent with a national survey report (17.3%) included in
our meta-analysis. However, the prevalence was higher than two study findings reported from
India, with an FD prevalence of 3.2% and 3.5% [60, 73] and another study from Belize (4.1%)
[9]. On the contrary, the prevalence of FD was lower in our meta-analysis than in one primary
study done in Senegal (54.8%) [24].

The differences in socio-economic and demographic characteristics, study scale, setting,
period and population, laboratory methods, cut-offs, and feeding habits could explain the vari-
ations in the prevalence of FD. The three studies [9, 60, 73] with inconsistent findings with our
meta-analysis were single (not meta-analyses). This could be explained by the fact that a single
primary study may not be comparable with a meta-analysis, which results from statistical anal-
ysis of several studies. The other reason for the difference could be the differences in the study
population. For example, the Indian studies focused only on pregnant women. In most set-
tings, pregnant women have more access to folic acid supplementation than other sub-groups
of WRA. On the other hand, Belize is an upper middle-income country, which adopted the
mandatory folic acid fortification into wheat flour in 1998 [78], whereas Ethiopia adopted it in
2022 [45]. This could be why the prevalence of FD is much lower in Belize than in our meta-
analysis. The prevalence of FD in the Senegalese study was far higher than in our meta-analy-
sis. The target group in the Senegalese study was WRA, where 90.8% were not pregnant [24].
This means most do not have access to folic acid supplementation provided during pregnancy
as part of antenatal care.

Most importantly, the differences in FD could be due to variations in laboratory assays, cut-
offs, and dietary practices [22, 76]. Folate is not stable and is found in the body in numerous
forms. Therefore the various assays have a different affinity to the different active forms of
folate [22]. Furthermore, studies use different cut-off points depending on the type of indicator
used to define FD. In our meta-analysis, the included studies used two sets of cut-offs,
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published by the WHO [47]. Therefore, folate status should be measured using a microbiolog-
ical assay as recommended by the WHO that is consistent with regard to common reagents
and protocols along with assay-matched cut-offs to define FD and insufficiency for appropri-
ate comparisons across studies [47, 79].

The systematic review and meta-analysis findings can be used as input for policies and pro-
grams and a gateway for further epidemiological and nutritional studies and meta-analyses.
However, the systematic review and meta-analysis has some limitations. For example we could
not produce the pooled estimates for folate insufficiency (an indicator of the risk of NTDs)
and factors associated with FD or insufficiency due to the scarcity of adequate primary studies.
Additionally, we could not estimate the pooled mean or prevalence of FD using RBC folate,
which reflects long-term folate status, because few studies used this biomarker. Moreover,
using different laboratory assays may have under- or over-estimated the results.

Conclusions

The systematic review and meta-analysis highlighted that the pooled mean serum/plasma
folate concentration among WRA was relatively low. Significant differences were observed in
mean serum/plasma folate concentration depending on the sampling techniques used by the
studies and the study period (survey year). The pooled prevalence of FD was reported in one-
fifth of the WRA, indicating its public health significance in Ethiopia. There was a significant
difference in the prevalence by population group and mean age of WRA.

Therefore, the Ethiopian health and nutrition policies should design and strengthen public
health strategies to address FD among WRA. Since the magnitude of FD varies throughout the
country, targeted interventions are required to address the deficiency. Public health messages
should be disseminated through different platforms to improve women’s knowledge of folate,
its deficiency, prevention strategies, and folate-rich foods. The availability of folate-rich foods
should be ensured by improving production, processing, preservation, pricing, and marketing.
Additionally, the consumption of folate-rich foods and folic acid supplementation with a par-
ticular focus on coverage and adherence should be strengthened. Preconception folic acid sup-
plementation should also be considered to reduce NTDs. Folic acid fortification is considered
one of the most successful public health initiatives to reduce NTDs and has been an effective
intervention strategy in many countries. Thus, the government of Ethiopia, in collaboration
with partners, should invest more in folic acid fortification. The mandatory folic acid fortifica-
tion endorsed by the country should be transformed into action.
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