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Abstract

Introduction

Neural tube defects (NTDs) are serious congenital anomalies of the central nervous system
caused by disruptions in early embryonic development. The prevalence is about twice as
common in low- and middle-income countries and more prevalent in sub-Saharan Africa.
Folic acid deficiency is a major risk factor and common during pregnancy. However, limited
research on preconception folic acid supplementation in this region highlights the need for
systematic reviews and targeted interventions to improve maternal and fetal health.

Methods

We conducted a systematic literature search in EMBASE, MEDLINE, Scopus, CINAHL,
Google Scholar, and Google for studies on the proportion of folic acid supplementation dur-
ing the preconception period, covering publications up to January 2024. Study quality was
assessed using the Newcastle-Ottawa Scale. Heterogeneity was evaluated with Cochrane
Q and I? statistics, and small study effects were tested with Egger’s test at a 5% significance
level. The certainty of evidence was assessed using the GRADE approach. A random-
effects model was used to estimate the pooled proportion of FA supplementation during the
preconception period in sub-Saharan African countries.

Result

This systematic review included 28 studies with a total of 12,562 participants. The highest
(45.2%) and lowest (1.9%) proportion of folic acid supplementation during preconception
period were recorded in the southern and Amhara regions of Ethiopia, respectively. The
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estimated pooled proportion of folic acid supplementation among women in Sub-Saharan
Africa (SSA) during preconception period was (14.10%; 95% CI: 11.22—16.98) with signifi-
cant heterogeneity between studies (# = 97.71%, p=0.001). In sub-group analysis based
on corresponding countries the highest estimated folic acid supplementation proportion dur-
ing preconception period was found in studies conducted in Kenya ((22%; 95% Cl: 19%-
25%), P = 97.7%), followed by studies conducted in Ghana (20%; 95% Cl: 7%-33%), F =
96.9%). The majority of the studies included in the analysis are of high quality, with quality
scores ranging from 7 to 8. The certainty of evidence was assessed using the GRADE
approach, resulting in a low overall rating.

Conclusion

The results of this systematic review and meta-analysis indicated that folic acid supplemen-
tation during preconception period is significantly low among mothers in sub-Saharan Afri-
can countries, despite being one of the best approaches to improve birth outcomes.
Therefore, healthcare organizations, governments, policymakers, and other stakeholders
involved in folic acid supplementation must collaborate on developing strategies to improve
its uptake during the preconception period.

1. Introduction

Neural tube defects (NTDs) are serious congenital anomalies that affect the central nervous
system, arising from disruptions in the early embryonic development process responsible for
closing the neural tube [1]. Various types of NTDs, including anencephaly, spina bifida, ence-
phalocele, craniorachischisis, and iniencephaly, cause significant mortality, morbidity, long-
term disability, and substantial psychological and economic impacts [2,3].

Globally, neural tube defects (NTDs) occur in about 1 in 1,000 pregnancies, making them
the second most common congenital anomaly. Annually, they result in 300,000 affected births,
88,000 deaths, and 8.6 million disability-adjusted life years (DALYs) [4-6]. The burden of
NTDs has been documented to be approximately twice as high in low- and middle-income
countries (LMICs) compared to high-income countries [7].

Various studies conducted in LMICs have found that the prevalence of NTDs ranges from
11.7 to 50.74 per 10,000 births, highlighting a significant burden on different segments of the
population [8,9]. In sub-Saharan Africa (SSA), NTDs are prevalent congenital anomalies,
impacting around 1 to 3 births per 1000 annually, with an overall prevalence of about 21.4%
[10]. A systematic review of 58 studies across 16 African countries found the NTD burden in
Africa was 32.95 per 10,000 births, with Eastern Africa at 111.13 and Southern Africa at 11.43
per 10,000 births [11]. Another meta-analysis in Africa reported a pooled prevalence of 50.71
per 10,000 births, highlighting the impact of folic acid (FA) supplementation and maternal
exposures on NTDs in the region [9]. Fetuses with anencephaly usually die either before birth
or shortly thereafter [12]. Neural tube defects (NTDs) impose a significant economic burden.
For instance, the CDC estimated the lifetime cost of spina bifida care at $791,900 in 2014 [13].

The etiology of NTDs is not fully understood, but factors such as genetic predisposition,
maternal nutrition, environmental influences, and insufficient folic acid intake during early
pregnancy are implicated [14]. Folic acid insufficiency is an important risk factor for NTDs
and is common during pregnancy because dietary intake is insufficient to cover daily needs,
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even with a balanced diet [15]. Folate insufficiency exceeds 40% in many countries with avail-
able data, particularly affecting several African nations [16].

Multiple studies have highlighted that most NTDs can be prevented through effective FA
supplementation during preconception [17]. Epidemiological evidence indicates that FA sup-
plementation during preconception period reduces the incidence of NTDs when continued
for a minimum of three months during pregnancy [18].

Folate is a water-soluble vitamin that is important in DNA synthesis, cell replication, and
growth [19]. There are two strategies for improving FA intake prior to pregnancy: one involves
fortifying the general food supply with folate, while the other entails targeted folate supplemen-
tation for individuals [20]. The WHO recommends women of reproductive age take 0.4 mg of
folic acid daily, starting 2-3 months before conception and continuing through the 12th week
of pregnancy [21,22]. High doses (4-5 mg per day of FA) are commonly recommended for
those with certain underlying risk factors for NTDs and can reduce the risk of recurrent NTDs
by more than 70 percent [21]. An alternative recommendation suggests weekly iron and folic
acid supplements for women of reproductive age, especially in populations with anemia rates
over 20% [23].

Folic acid supplementation is recommended before conception because NTDs occur very
early in pregnancy, often before a woman knows she is pregnant [24]. Therefore, it is crucial to
have adequate FA levels in the system before becoming pregnant. Since most pregnancies are
unplanned, many countries have implemented FA fortification of staple foods for the preven-
tion of NTDs [25].

Folic acid supplementation not only prevents NTDs but also reduces the occurrence of con-
genital cardiac and urologic anomalies [26]. Adequate folic acid intake before conception and
through the 12th week of pregnancy is linked to reduced spontaneous abortions, preterm
births, small-for-gestational-age babies, and improved pregnancy outcomes [27]. Despite
established recommendations and benefits, folic acid supplementation before conception
remains suboptimal, particularly in resource-limited settings [28]. The use of guidelines and
recommendations for preconceptional FA supplementation varies globally, leading to differ-
ences in supplementation practices [29]. Several studies have indicated that taking FA before
pregnancy is crucial for the health of both the mother and the fetus, particularly SSA countries
[30]. There is a significant gap in the literature regarding folic acid supplementation during
the preconception period in Sub-Saharan Africa. This systematic review and meta-analysis
aims to estimate its proportion, serving as a crucial indicator for governments, health profes-
sionals, and policymakers to monitor progress, implement targeted interventions, and reduce
the burden of NTDs at both individual and national levels.

2. Methods
2.1 Study protocol and registration

This systematic review and meta-analysis was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement guideline [31] and the study proto-
col was registered in the PROSPERO International Prospective Register of Systematic Reviews
under the registration number CRD42024503924.

2.2 Inclusion and exclusion criteria

In this systematic review and meta-analysis, we included all studies conducted on the propor-
tion of FA supplementations during the preconception period in SSA countries that were writ-
ten in English. Quantitative studies, including cross-sectional, cohort, and case-control
designs, were included based on the Population, Exposure, Comparator, Outcome (PECO)
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Table 1. Criteria for inclusion of quantitative studies based on the Population, Exposure, Comparator, Outcome
(PECO) framework.

Criteria Details
Population (P) Women of all age group in Sub-Saharan African (SSA) countries
Excludes women with diabetes, epilepsy, or prior neural tube defect-affected births
Exposure (E) folic acid (FA) supplementation during the preconception period
Comparator (C) Not applicable
Outcome (O) Proportion of folic acid supplementation during the preconception period

https://doi.org/10.1371/journal.pone.0318422.t001

framework (Table 1). We included journal articles, theses, and dissertations without imposing
restrictions based on publication date or age criteria. In contrast, studies utilizing qualitative
methodologies were excluded due to the specific nature of the review and the chosen analytical
approach. Studies done on pregnant women were only included if they had taken folate during
preconception.

Exclusion criteria encompassed studies lacking data on the percentage of women engaging
in any FA supplementation specifically during the preconception period as well as studies
reporting zero prevalence. Additionally, experimental, case report or case series studies were
excluded, along with studies where reported data were inadequate for estimating proportion
(S1 Appendix). Furthermore, studies focusing on women with diabetes, epilepsy, or prior neu-
ral tube defect-affected births were excluded due to differing FA recommendations and poten-
tially closer monitoring by healthcare providers during pregnancy.

2.3. Search strategy

The search strategy for this review involved using both MeSH terms and key terms related to
preconception care and folic acid such as preconception care, preconception, pre-conception,
periconception, peri-conception, before conception, folic acid, folate, vitamin, pteroylglutamic
acid, folic acid supplementation, folic acid administration, folic acid adherence, folinic acid
and vitamin B9. Terms were combined by using the Boolean operator OR and themes were
combined using AND as explained in (S1 Table). Studies published in the English language up
to January 2024 were retrieved from EMBASE, MEDLINE, Scopus, CINAHL, and manually
on Google and Google Scholar. The search for unpublished studies included Google and insti-
tutional repositories(namely Addis Ababa University, Jimma University, Hawassa University,
Haramaya University and Bahir Dar University). The literature search was last conducted on
January 29, 2024 ensuring that the most recent and relevant studies were considered.

2.4. Study selection

We reviewed and evaluated studies from various sources to ensure a comprehensive analysis.
All duplicate studies were removed, and full-text studies were downloaded. All the studies
reviewed through different electronic databases were combined, exported, and managed using
RAYYAN web-based software [32]. Titles and abstracts were first screened based on specific
criteria to exclude irrelevant studies. Those that passed this stage underwent full-text screen-
ing, where their design, methodology, sample size, and key findings were assessed for rele-
vance and suitability. The eligibility of each study was independently evaluated by two
reviewers (BM & EA). Any significant differences in their assessments were resolved through
discussion and consultation with other reviewers (MN & AK). Subsequently, the data were
exported to the EndNote reference manager to facilitate the management and organization of
citations.
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2.5 Data extraction

The selected studies were carefully reviewed, and data were extracted using a pre-piloted data
extraction form developed by the authors. Subsequently, data extraction was carried out using
Microsoft Office Excel. All-important data extracted from each study included name of author,
year of publication, study design, sub-Africa region, study period, country, study setting, pub-
lication type, sampling method(random/non-random), population characteristics, response
rate, sample size (N) and overall proportion (S2 Appendix). We contacted one study author to
obtain missing data to ensure comprehensive analysis. Data extraction was performed inde-
pendently by three authors (E.S., A.K,, and L.D.). Any discrepancies or inconsistencies were
resolved through discussion and consensus.

2.6 Assessment of the quality of the included studies

Three reviewers (M.N., B.M and M.C.) assessed the methodological quality and eligibility of the
identified articles using the Newcastle-Ottawa Quality Assessment Scale adapted for cross-sec-
tional studies [33]. Disagreements among reviewers were resolved through discussion. This
assessment scale evaluates several factors, including the representativeness of the sample, sample
size adequacy, non-response rate, validity of measurement tools, comparability of subjects in
different outcome groups, outcome assessment, and statistical testing. The quality assessment
score for each study ranges from 0 to 10, with classifications including "Very Good" (9-10
points), "Good" (7-8 points), "Satisfactory” (5-6 points) and "Unsatisfactory” (0 to 4 points).

2.7 Evidence certainty assessment

In accordance with Cochrane’s guidelines, we evaluated the certainty of the evidence related to
preconception FA supplementation, synthesizing findings from the included studies. This
evaluation utilized the GRADE (Grading of Recommendations, Assessment, Development,
and Evaluation) framework, considering factors such as study design, inconsistency, indirect-
ness, imprecision, and potential publication bias, as outlined in the GRADE handbook [34].
The assessment was adapted to proportion estimates, with the certainty of evidence catego-
rized as high, moderate, low, or very low. The results were presented in a Summary of Findings
(SoF) table, generated using the GRADE approach [35]. The certainty of evidence was assessed
independently by E.A. and M.C., with any disagreements resolved through consensus.

2.8 Statistical analysis

The extracted data were transferred to STATA/MP version 17.0 software (Stata Corp LLC,
College Station, TX, USA) for analysis. The pooled proportion of FA during preconception
period was analyzed using the random effects model with DerSimonian-Laird model weight.
Heterogeneity in meta-analysis is commonly inevitable due to variations in study quality, sam-
ple size, methodology, and outcome measurements across studies. Statistical assessment of sig-
nificant heterogeneity was conducted using the Cochrane Q-test and I” statistics. The
interpretation of the I” test statistics < 50, 50-75%, and > 75% was declared as low, moderate,
and high heterogeneity, respectively [36]. To reduce variance in estimated points between pri-
mary studies, subgroup analyses were performed based on sub-Africa regions, countries, year
of publication, study setting, sampling methods, and study population (various articles include
pregnant individuals, others encompass mothers who have delivered, while some incorporate
women in their childbearing years). Also, sensitivity analyses were done to assess the influence
of included studies on pooled estimates. Publication bias was evaluated both graphically and
using Egger’s statistical test. A statistically significant result from Egger’s test (P-value < 0.05)
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would indicate the presence of a small study effect, which would then be addressed using non-
parametric trim and fill analysis with the random effects model. We then proceed to explore
the origins of heterogeneity using a meta-regression model, incorporating publication year
and sample size as covariates.

3. Results
3.1 Selection and Identification of studies

Through a comprehensive and systematic exploration of literature, this systematic literature
search identified 1,259 potential studies through electronic search and other sources. After
eliminating the duplicates (n = 327), we reviewed 929 studies by title and abstract and elimi-
nated 734 irrelevant studies. We reviewed the full texts of the remaining 195 articles for eligi-
bility. Of these, 166 studies were not eligible, and 29 studies were eligible for inclusion in our
review. After assessing the full texts of the remaining articles, an additional 1 article was
excluded due to poor quality.

Finally, 28 studies that met the eligibility criteria were included in the final analysis (Fig 1).

3.2 Characteristics of included studies

This systematic review included 28 studies with a total of 12,562 participants [7,37-64]. All the
studies utilized in this meta-analysis were cross-sectional and were conducted from 2014 to
2024 across various countries within the SSA region. From all studies 12 (42.86%) were con-
ducted in Ethiopia [37,40,42,46,47,49-51,53-55,62], seven (25.0%) were from Nigeria
[7,38,41,48,52,61,63], four (14.29%) from Ghana [43-45,59], and two (7.14%) were from
Sudan [56,58] and Kenya [57,60], and one study (3.6%) was conducted in Cameroon [39].
Among those the highest sample size was observed in studies conducted in Sudan [58] which
was equal to 1000 and the lowest was found in Nigeria 50 [38]. Out of 28 studies included in
this review and analysis, eight (28.57%) were conducted on community-based and 20 (71.43%)
were facility-based studies. The articles examined in this study encompass various participant
groups, such as pregnant women, women of childbearing age, and postnatal mothers. Out of
all the articles, the participants of eight studies (28.57%) were women of childbearing age, 16
studies (57.1%) centered on pregnant mothers, and four studies (14.3%) included postnatal
mothers (Table 2). The majority of the studies included in the analysis were of high quality,
with quality scores ranging from seven to eight (S2 Table).

3.3 Proportion of preconception FA supplementation

The proportion of preconception FA supplementation ranged from 1.9% to 45.2% among the
included studies. The highest (45.2%) and lowest (1.9%) proportion of FA supplementation
during preconception period were recorded in the southern and Amhara regions of Ethiopia,
respectively [47,55]. The pooled proportion using the fixed effect model showed significant het-
erogeneity among the studies. Therefore, we performed the analyses using the random effects
model. Using the random effects model, the estimated pooled proportion of FA supplementa-
tion among women during preconception period in SSA was 14.10% (95% CI: 11.22-16.98)
with significant heterogeneity between studies (I* = 97.7%, p = 0.001). The pooled proportion of
FA supplementation during preconception period was presented using a forest plot (Fig 2).

3.4 Subgroup analysis

A subgroup analysis was done by classifying studies based on corresponding countries in SSA
to compute and relate the proportion of preconception FA supplementation focusing on
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Saharan African countries.

https://doi.org/10.1371/journal.pone.0318422.9001

various characteristics. Sub-group analysis was done by study location (sub-Africa region and
country), study period, and based on types of participants. From the 28 studies, the highest
estimated FA supplementation proportion during preconception period was found in studies
conducted in Kenya ((22%; 95% CI: 19%-25%), I = 97.7%), followed by studies conducted in
Ghana ((20%; 95% CI: 7%-33%), I = 96.9%) (Fig 3).

The proportion estimates were categorized based on the study period, with studies con-
ducted up to 2019 and those conducted after 2019. However, there was no noticeable differ-
ence in proportion estimates between the two study periods (Fig 4).

We examined articles involving different participant categories of mothers including preg-
nant women, childbearing-age women, and postnatal mothers. Among these groups, the
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Table 2. Characteristics of the included studies and their proportion of preconceptional FA supplementation in SSA, 2024.

S. | Author Publication | Study Africa | Country |Study setting |Population Location/ | Number of Sample | Reported
No year design region Scale Facilities/ size prevalance (%)
scales
1 | Adeboetal 2017 cross West Nigeria institutional | pregnant Facilities | 3 300 3.0
sectional | Africa based women
2 Amaje et al. 2022 Cross East Ethiopia | community pregnant District 4 677 12.7
sectional | Africa based women
3 | Anzaku A. 2014 cross- West Nigeria institutional | pregnant Facility 1 595 4.8
sectional | Africa based women
4 | Asresuetal 2019 cross East Ethiopia | community | delivered District 1 564 15.7
sectional | Africa based mothers
5 | Ayele A. etal. 2022 cross- East Ethiopia | community | childbearing District 1 504 8.6
sectional | Africa based age women
6 | BoakyeY.etal. |2018 Cross- West Ghana institutional | pregnant Facility 1 200 34.0
sectional | Africa based women
7 | Dessie et al. 2017 cross- East Ethiopia | institutional | pregnant Facility 1 422 1.9
sectional | Africa based women
8 | Ekemetal. 2018 cross- West Nigeria institutional | pregnant Facility 1 453 3.8
sectional | Africa based women
9 Fetena N.etal. |2023 Cross- East Ethiopia | community pregnant District 1 393 11.3
sectional | Africa based women
10 | Gedefawetal. | 2018 cross- East Ethiopia | institutional | delivered province 1 222 9.0
sectional | Africa based mothers
11 | Gelgaluetal. 2021 cross- East Ethiopia | institutional | pregnant Facility 5 455 11.0
sectional | Africa based women
12 | Girmaetal. 2023 cross- East Ethiopia | institutional | pregnant Facility 1 385 31.2
sectional | Africa based women
13 | Habteetal. 2021 Cross- East Ethiopia | community | delivered District 1 600 452
sectional | Africa based mothers
14 | Hassan et al. 2024 cross- East Sudan institutional | 1st trimaster Facility 1 720 3.8
sectional | Africa based Preg
15 | Lawal T. 2014 cross- West Nigeria institutional | childbearing Facility 2 602 2.5
sectional | Africa based age women
16 | Akinajo et al. 2019 Cross West Nigeria institutional | pregnant Facility 1 50 32.0
sectional | Africa based women
17 | Alemajo et al. 2022 cross West Cameroon | institutional | pregnant Facility 2 393 5.1
sectional | Africa based women
18 | Alsammani 2021 cross East Sudan institutional | pregnant Facility 1 1048 3.2
etal. sectional | Africa based women
19 | Asumaduetal. | 2020 Cross- West Ghana institutional | delivered Facility 1 363 6.9
sectional | Africa based mothers
20 | Beyuo T etal. 2021 cross- West Ghana institutional | pregnant Facility 1 120 10.8
sectional | Africa based women
21 | Fekene et al. 2020 cross- East Ethiopia | community | childbearing District 1 680 7.8
sectional | Africa based age women
22 | Gamshe Eand | 2021 cross- East Ethiopia | institutional | pregnant Facility 3 333 30.2
DDB sectional | Africa based women
23 | Joyce C. etal. 2018 cross- East Kenya institutional | childbearing Facility 1 384 19.8
sectional | Africa based age women
24 | Mohammed B. | 2019 cross- West Ghana institutional | pregnant Facility 18 303 28.7
etal. sectional | Africa based women
25 | Mukhalisi A 2022 cross- East Kenya community | Couples District 1 422 23.7
etal. sectional | Africa based
26 | Nwaolisa H. 2021 cross- West Nigeria institutional | pregnant Facility 1 165 38.0
etal sectional | Africa based women
(Continued)
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Table 2. (Continued)

S. | Author Publication |Study
No year design
27 | Olowokere, A.E | 2015 Cross-
et. al sectional
28 | Setegn AlieM | 2022 cross-
etal. sectional
29 | Ubong Akpan | 2020 Cross-
Okon et al. sectional

https://doi.org/10.1371/journal.pone.0318422.t1002

Africa | Country |Study setting |Population Location/ | Number of Sample |Reported

region Scale Facilities/ size prevalance (%)
scales

West Nigeria institutional | childbearing Facility 11 375 30.4

Africa based age women

East Ethiopia | community | childbearing District 1 624 5.3

Africa based age women

West Nigeria institutional | childbearing Facility 11 606 10.4

Africa based age women

highest estimated proportion of FA supplementation was observed among studies with postna-
tal mothers as participants (19.2%; 95% CI: 3.8%, 34.5%) with level of heterogeneity (I* =
98.9%) (Fig 5).

Subgroup analyses indicated that the proportion of FA supplementation before pregnancy
showed similar magnitude variations across regions implying a consistent pattern across the
sub-regions of Africa (Fig 6).

3.5 Heterogeneity and sensitivity analysis

In our systematic review and meta-analysis, we addressed heterogeneity in study results by ini-
tially using a fixed-effects model and subsequently by using a random-effects model to accom-
modate variability. Despite conducting sensitivity analyses, subgroup analyses, and meta-
regression analyses, significant heterogeneity persisted, leading to further investigation. Upon
conducting a meta-regression analysis, we found that the year of publication did not influence
heterogeneity. However, we discovered that the sample size had a statistically significant rela-
tion to the presence of heterogeneity, as shown in Table 3.

Sensitivity analysis was performed to assess the impact of each individual study on the over-
all proportion estimate. Remarkably, removing any single study did not result in a statistically
significant change to the pooled proportion estimate. Additionally, we conducted sensitivity
analyses excluding studies of poor quality. Even after excluding these lower-quality studies,
there were no significant changes to the estimated proportion (Fig 7).

3.6 Publication bias

In our meta-analysis, evidence of publication bias was observed through funnel plots and tests,
indicating asymmetrical distribution (Fig 8).

Trim and fill analysis was conducted to estimate the effect sizes of missed studies and adjust
for publication bias (Fig 9).

Egger’s and Begg’s tests were performed, showing considerable evidence of publication bias
(Table 4).

3.7 Evidence certainty

Opverall, the certainty of the evidence regarding the pooled proportion estimates assessed by
the GRADE approach was low (Table 5). Although the majority of the included studies were of
high quality, significant heterogeneity was observed, with an I” value exceeding 97.7%. The
directness of the evidence was rated as direct, and the precision of the proportion estimate was
satisfactory. However, evidence of publication bias contributed to downgrading the certainty.
Consequently, while the evidence offers valuable insights into the proportion of preconception
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Effect size Weight

Study with 95% ClI (%)
Adebo et al. : ] | 3.00[ 1.07, 4.93] 3.75
Amaje et al. # 12.73[10.18, 15.27] 3.70
Anzaku A. | [ 479 299, 6.58] 3.75
Asresu et al. —F— 15.69[12.68, 18.70] 3.66
Ayele A. et al. . 3 , 8.60[ 6.14, 11.06] 3.71
Boakye Y. et al. | —i— 34.00[27.43, 40.57] 3.18
Dessie et al. || [ 1.92[ 0.60, 3.24] 3.78
Ekem et al. | [ 3.78[ 2.02, 554] 3.76
Fetena N.et al. - 11.34[ 8.19, 14.50] 3.64
Gedefaw et al. | 9.01[ 5.24, 12.78] 3.58
Gelgalu et al. i 10.99[ 8.12, 13.86] 3.67
Girma et al. [ —— 31.17 [ 26.54, 35.80] 3.47
Habte et al. [ —l— 45.18[41.17, 49.19] 3.55
Hassan et al. [ | l 3.75[ 2.36, 5.14] 3.78
Lawall T. H | 249 1.25, 3.74] 3.78
Akinajo et al. | = 32.00[ 19.07, 44.93] 2.15
Alemaijo et al. = | 5.00[ 2.92, 7.26] 3.73
Alsammani et al. [ | | 3.20[ 211, 4.29] 3.79
Asumadu et al. . B | 6.89[ 4.28, 949] 3.69
Beyuo T et al. —m- 10.83[ 5.27, 16.39] 3.34
Fekene et al. = | 7.77[ 574, 9.80] 374
Gamshe E and DDB l —— 30.21[25.26, 35.16] 3.42
Joyce C. et al. | —— 19.79[15.81, 23.78] 3.55
Mohammed B.et al. | —— 28.71[23.62, 33.81] 3.40
Mukhalisi A et al. | —— 23.65[19.43, 27.87] 3.52
Olowokere, A.E et. al { —— 30.40 [ 25.74, 35.06] 3.46
Setegn Alie M et al. ) 529[ 3.51, 7.07] 3.75
Ubong Akpan Okon et al. I, 1041[ 7.94, 12.88] 3.71
Overall # 14.10 [ 11.22, 16.98]
Heterogeneity: ©° = 56.62, I = 97.71%, H* = 43.58 l

Test of 8; = 6;: Q(27) = 1176.58, p = 0.00 ]

Testof 6 =0:z=9.60, p=0.00 |

0 50
prevalence

Random-effects DerSimonian—Laird model

Fig 2. Forest plot of FA supplementation during preconception period in sub-Saharan African countries.

https://doi.org/10.1371/journal.pone.0318422.g002
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Effect size Weight
Study with 95% ClI (%)
Cameroon
Alemajo et al. B 5.09[ 292, 7.26] 3.73
Heterogeneity: 7 = 0.00, I = .%, H? = . ’ 5.00[ 2.92, 7.26]
Test of 6, = 6;: Q(0) =0.00, p=.
Ethiopia
Amaje et al. E 3 12.73[10.18, 15.27] 3.70
Asresu et al. . 15.69[ 12.68, 18.70] 3.66
Ayele A. etal. E 3 8.60[ 6.14, 11.06] 3.71
Dessie et al. [ ] 1.92[ 0.60, 3.24] 3.78
Fetena N.etal. - 11.34[ 8.19, 14.50] 3.64
Gedefaw et al. - 9.01[ 524, 12.78] 3.58
Gelgalu et al. IF 10.99[ 8.12, 13.86] 3.67
Girma et al. —- 31.17 [ 26.54, 35.80] 3.47
Habte et al. —l- 45.18[41.17, 49.19] 3.55
Fekene et al. »n 7.77[ 574, 9.80] 3.74
Gamshe E and DDB —— 30.21[25.26, 35.16] 3.42
Setegn Alie M et al. B 5.29[ 3.51, 7.07] 3.75
Heterogeneity: ©* = 94.34, I” = 98.26%, H* = 57.40 ‘ 15.64 [ 10.07, 21.22]
Test of 6, = 6;: Q(11) = 631.38, p = 0.00
Ghana
Boakye Y. et al. —l— 34.00[27.43, 40.57] 3.18
Asumadu et al. L 3 6.89[ 4.28, 9.49] 3.69
Beyuo T etal. —@— 10.83[ 5.27, 16.39] 3.34
Mohammed B.et al. —— 28.71[23.62, 33.81] 3.40
Heterogeneity: 7 = 176.98, I = 96.92%, H? = 32.45 ‘ 19.95[ 6.66, 33.24]
Test of 6, = 6; Q(3) =97.35, p = 0.00
Nigeria
Adebo et al. L} 3.00[ 1.07, 4.93] 375
Anzaku A. | | 4.79[ 299, 6.58 3.75
Ekem et al. ] 3.78[ 2.02, 554] 3.76
Lawal1 T. [ ] 249[ 125, 3.74] 378
Akinajo et al. —@—  32.00[19.07, 44.93] 215
Olowokere, A.E et. al —I1— 30.40[ 25.74, 35.068] 3.46
Ubong Akpan Okon et al. 10.41[ 7.94, 12.88] 3.71
Heterogeneity: ©* = 31.67, I° = 96.49%, H’ = 28.46 < 1026 581, 14.72]
Test of 6, = 6;: Q(6) = 170.76, p = 0.00
Sudan
Hassan et al. [ | 3.75[ 2.36, 5.14] 3.78
Alsammani et al. [ ] 320[ 211, 4.29] 379
Heterogeneity: 7° = 0.00, I’ = 0.00%, H* = 1.00 ’ 341[ 255, 4.27]
Test of 6, = 6 Q(1) =0.37, p=0.54
kenya
Joyce C. etal. . 19.79[15.81, 23.78] 3.55
Mukhalisi A et al. - 23.65[19.43, 27.87] 3.52
Heterogeneity: 7 = 3.06, I* = 41.06%, H* = 1.70 ‘ 21.66 [ 17.88, 25.43]
Testof 6, = 6;: Q(1)=1.70, p=0.19
Overall ‘ 14.10[ 11.22, 16.98]
Heterogeneity: t° = 56.62, I” = 97.71%, H* = 43.58
Test of 6, = 6;: Q(27) = 1176.58, p = 0.00
Test of group differences: Q,(5) = 111.88, p = 0.00
0 50
prevalence

Random-effects DerSimonian—Laird model

Fig 3. Sub-group by country pooled proportion of FA supplementation during preconception period in SSA

countries.

https://doi.org/10.1371/journal.pone.0318422.g003
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Effect size Weight
Study with 95% Cl (%)
studies condacted before 2020
Adebo et al. B 3.00[ 1.07, 4.93] 3.75
Anzaku A. B 479[ 299, 658 3.75
Asresu et al. . N 156.69[12.68, 18.70] 3.66
Boakye Y. et al. —— 34.00 [ 27.43, 40.57] 3.18
Dessie et al. ] 1.92[ 0.60, 3.24] 3.78
Ekem et al. ] 378 2.02, 554] 3.76
Gedefaw et al. - 9.01[ 5.24, 12.78] 3.58
Lawal1 T. 249[ 1.25, 3.74] 3.78
Akinajo et al. —— 32.00[19.07, 44.93] 2.15
Joyce C. et al. —- 19.79[15.81, 23.78] 3.55
Mohammed B.et al. —— 28.71[23.62, 33.81] 3.40
Olowokere, A.E et. al —- 30.40 [ 25.74, 35.06] 3.46
Heterogeneity: ©° = 53.79, I* = 97.48%, H® = 39.67 <> 14.31[ 9.96, 18.66]
Test of 6; = 6;: Q(11) = 436.35, p = 0.00
studies conducted since 2020
Amaje et al. E 3 12.73[10.18, 156.27] 3.70
Ayele A. et al. E 3 8.60[ 6.14, 11.06] 3.71
Fetena N.et al. El 11.34[ 8.19, 14.50] 3.64
Gelgalu et al. E 3 10.99[ 8.12, 13.86] 3.67
Girma et al. —— 31.17 [ 26.54, 35.80] 3.47
Habte et al. —l- 45.18[41.17, 49.19] 3.55
Hassan et al. B 3.75[ 2.36, 5.14] 3.78
Alemajo et al. ] 509[ 292, 7.26] 3.73
Alsammani et al. | ] 3.20[ 211, 4.29] 3.79
Asumadu et al. . 3 6.89[ 4.28, 949] 3.69
Beyuo T et al. —— 10.83[ 5.27, 16.39] 3.34
Fekene et al. n 7.77[ 574, 9.80] 3.74
Gamshe E and DDB —— 30.21[25.26, 35.16] 3.42
Mukhalisi A et al. —- 23.65[ 19.43, 27.87] 3.52
Setegn Alie M et al. e 529[ 3.51, 7.07] 3.75
Ubong Akpan Okon et al. I} 1041[ 7.94, 12.88] 3.71
Heterogeneity: ©° = 64.29, I* = 97.89%, H® = 47.28 < 13.95[ 9.94, 17.96]
Test of 6; = 6;: Q(15) = 709.26, p = 0.00
Overall $ 14.10 [ 11.22, 16.98]
Heterogeneity: ©° = 56.62, I = 97.71%, H® = 43.58
Test of 6, = 6;: Q(27) = 1176.58, p = 0.00
Test of group differences: Qy,(1) = 0.01, p = 0.90
50
prevalence

Random-effects DerSimonian—Laird model

Fig 4. Sub-group by year pooled proportion of folic acid supplementation during preconception period in SSA countries.

https://doi.org/10.1371/journal.pone.0318422.g004
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Effect size Weight
Study with 95% ClI (%)
Childbearing age women
Ayele A. et al. : 3 8.60[ 6.14, 11.06] 3.71
Lawal1 T. [ | 249[ 125 3.74] 3.78
Fekene et al. » 7.77[ 574, 9.80] 3.74
Joyce C. et al. -+ 19.79[ 15.81, 23.78] 3.55
Mukhalisi A et al. —_- 23.65[19.43, 27.87] 3.52
Olowokere, A.E et. al — = 30.40 [ 25.74, 35.06] 3.46
Setegn Alie M et al. 1 529[ 3.51, 7.07] 3.75
Ubong Akpan Okon et al. . 3 10.41[ 7.94, 12.88] 3.71
Heterogeneity: v = 49.74, I* = 97.30%, H* = 37.06 Ees 13.23[ 8.22, 18.23]
Test of 6, = 6 Q(7) = 259.40, p = 0.00
Postnatal Mothers
Asresu et al. - 15.69[ 12.68, 18.70] 3.66
Gedefaw et al. -~ 9.01[ 5.24, 12.78] 3.58
Habte et al. —l- 45.18[41.17, 49.19] 3.55
Asumadu et al. {F 6.89[ 4.28, 949] 3.69
Heterogeneity: ©° = 241.30, I’ = 98.86%, H* = 87.80  ——iiims— 19.15[ 3.83, 34.46]
Test of 6, = 6;: Q(3) = 263.40, p = 0.00
pregnant women
Adebo et al. ] 3.00[ 1.07, 4.93] 3.75
Amaje et al. E 3 12.73[10.18, 15.27] 3.70
Anzaku A. ] 479[ 299, 6.58] 3.75
Boakye Y. et al. —— 34.00 [ 27.43, 40.57] 3.18
Dessie et al. [ | 1.92[ 0.60, 3.24] 3.78
Ekem et al. ] 3.78[ 2.02, 554] 3.76
Fetena N.et al. g 11.34[ 8.19, 14.50] 3.64
Gelgalu et al. E 3 10.99[ 8.12, 13.86] 3.67
Girma et al. —— 31.17[26.54, 35.80] 3.47
Hassan et al. B 3.75[ 2.36, 5.14] 3.78
Akinajo et al. —®———  32.00[19.07, 44.93] 2.15
Alemajo et al. It 5.09[ 292, 7.26] 3.73
Alsammani et al. [ | 3.20[ 2.11, 4.29] 3.79
Beyuo T et al. 10.83[ 5.27, 16.39] 3.34
Gamshe E and DDB —— 30.21[25.26, 35.16] 3.42
Mohammed B.et al. —_1 28.71[23.62, 33.81] 3.40
Heterogeneity: ©° = 40.66, I* = 97.04%, H® = 33.77 < 13.00[ 9.71, 16.29]
Test of 6, = 6: Q(15) = 506.62, p = 0.00
Overall < 14.10[ 11.22, 16.98]
Heterogeneity: ©° = 56.62, I’ = 97.71%, H® = 43.58
Test of 6, = 6;: Q(27) = 1176.58, p = 0.00
Test of group differences: Qy(2) = 0.59, p = 0.74
0 50
prevalence

Random-effects DerSimonian—Laird model

Fig 5. Sub-group by participant categories pooled proportion of FA supplementation during preconception period in SSA

countries.

https://doi.org/10.1371/journal.pone.0318422.9005
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Effect size Weight

Study with 95% Cl (%)
East Africa
Amaije et al. B 12.73[10.18, 15.27] 3.70
Asresu et al. - 15.69[12.68, 18.70] 3.66
Ayele A. et al. E 3 8.60[ 6.14, 11.06] 3.71
Dessie et al. [ | 1.92[ 0.60, 3.24] 3.78
Fetena N.et al. E = 11.34[ 8.19, 14.50] 3.64
Gedefaw et al. |- 9.01[ 5.24, 12.78] 3.58
Gelgalu et al. X 10.99[ 8.12, 13.86] 3.67
Girma et al. ——- 31.17[26.54, 35.80] 3.47
Habte et al. —l- 45.18[41.17, 49.19] 3.55
Hassan et al. [ | 3.75[ 236, 5.14] 3.78
Alsammani et al. [ | 3.20[ 211, 4.29] 3.79
Fekene et al. ] 777[ 574, 9.80] 3.74
Gamshe E and DDB —— 30.21[25.26, 35.16] 3.42
Joyce C. et al. -+ 19.79[ 15.81, 23.78] 3.55
Mukhalisi A et al. —- 23.65[ 19.43, 27.87] 3.52
Setegn Alie M et al. ] 529[ 3.51, 7.07] 3.75
Heterogeneity: ©° = 70.18, I* = 98.20%, H” = 55.52 <> 14.77 [ 10.59, 18.95]
Test of 6, = 6;: Q(15) = 832.82, p = 0.00
West Africa
Adebo et al. B 300[ 1.07, 4.93] 3.75
Anzaku A. B 479[ 299, 658 3.75
Boakye Y. et al. —— 34.00[ 27.43, 40.57] 3.18
Ekem et al. B 3.78[ 2.02, 5.54] 3.76
Lawal1 T. [ | 249[ 125 3.74] 3.78
Akinajo et al. —— 32.00[ 19.07, 44.93] 2.15
Alemaijo et al. B 509[ 2.92, 7.26] 3.73
Asumadu et al. 3 6.89[ 4.28, 9.49] 3.69
Beyuo T et al. —— 10.83[ 5.27, 16.39] 3.34
Mohammed B.et al. —— 28.71[23.62, 33.81] 3.40
Olowokere, A.E et. al —- 30.40 [ 25.74, 35.06] 3.46
Ubong Akpan Okon et al. gy 1041 [ 7.94, 12.88] 3.71
Heterogeneity: ©° = 44.75, I> = 96.67%, H’ = 30.06 <> 13.03[ 9.03, 17.03]
Test of 6, = 6;: Q(11) = 330.67, p = 0.00
Overall <> 14.10 [ 11.22, 16.98]
Heterogeneity: ©°=56.62, I’ =97.71%, H* = 43.58
Test of 6, = 6;: Q(27) = 1176.58, p = 0.00
Test of group differences: Q,(1) = 0.35, p = 0.55

0 50
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Fig 6. Sub-group by African region pooled proportion of FA supplementation during preconception period in SSA countries.
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Table 3. Meta-regression analysis of factors with heterogeneity of the proportion of preconceptional FA supplementation in SSA, 2024.

Heterogeneity source Coefficient
Sample size -.023446
Publication year .7000846
_cons -1389.062

https://doi.org/10.1371/journal.pone.0318422.t003

Std. err.

.0080509
5774253
1165.572

P-value
0.004
0.225

folic acid supplementation among women in Sub-Saharan Africa, it is essential to recognize
the limitations and uncertainties inherent in the findings.

4. Discussion

The current systematic review provides evidence of an estimated pooled proportion of FA sup-
plementation during the preconception period in SSA countries. The study synthesizes data

from 28 cross-sectional studies conducted between 2014 and 2024, involving 12,562 partici-
pants, with significant contributions from Ethiopia (42.9%) and Nigeria (25%). The proportion
of preconception FA supplementation reported in included studies varied widely, ranging
from 1.9% to 45.2%. In the meta-analysis utilizing a random-effects model, the subgroup and
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Fig 7. Sensitivity analysis of FA supplementation during preconception period in SSA countries.
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Fig 8. Funnel plot result of FA supplementation during preconception period in SSA countries.

https://doi.org/10.1371/journal.pone.0318422.9008

meta-regression analysis. Additionally, the quality assessment of the included studies showed
that the majority were of high quality, demonstrating robust methodologies and reliable data.

The quality of evidence for preconception folic acid supplementation, evaluated with the
GRADE approach, was rated as low. This is primarily due to notable differences between stud-
ies and some concerns about publication bias, despite the fact that most of the included studies
were of high quality. Subgroup analysis by African region reveals closely similar findings
between Eastern and Western African countries.

Despite implementing various strategies such as targeted health education initiatives, policy
reforms, and healthcare provider training programs, the subgroup analysis found no signifi-
cant change in the proportion of FA supplementation across different study periods. This
implies a concerning trend indicating a persistent lack of improvement in FA utilization and
failure to align with WHO recommendations which suggests a critical need for reevaluation
and potential enhancement of current intervention approaches to effectively address barriers
hindering optimal FA before pregnancy across SSA countries. This meta-analysis showed that
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Adebo et al.
Amaje et al.
Anzaku A.
Asresu et al.
Ayele A. et al.
Boakye Y. et al.
essie et al.
Ekem et al.
Fetena N.et al.
Gedefaw et al.
Gelgalu et al.
Girma et al.
Habte et al.
Hassan et al.
Lawalt T.
Akinajo et al.
Alemajo et al.
Alsammani et al.
Asumadu et al.
Beyuo T et al.
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2017
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Fig 9. Trim and fill analysis of FA supplementation during preconception period in SSA countries.

https://doi.org/10.1371/journal.pone.0318422.9009

2.02

|
2.36 2.43

the highest estimated proportion FA supplementation during preconception period was found
in studies conducted in Kenya (22%). Another reason for this variation might be due to the
small number of articles from Kenya and these small studies may overestimate the true effect
size of FA supplementation during the preconception period. It is plausible that the observed
variability in FA supplementation during preconception period rates across countries could be
linked to the educational levels, cultural norms, and different activities and efforts to increase
the supplementation of FA before conception.
In subgroup analysis based on study participants, the highest estimated proportion of FA
supplementation was observed among studies involving postnatal mothers (19.2%). The
observed variation in FA supplementation proportion during preconception period may be
attributed to the positive influence of postnatal care (PNC) services. Mothers who receive post-
natal services have higher health-seeking behavior for their health and their newborns [65].

Table 4. Egger’s of publication bias of included studies in the systematic review and meta-analysis of preconceptional FA supplementation in SSA, 2024.

Std_Eff Coefficient Std. err.
slope .0443915 2695872
bias 2.98436 4336036

https://doi.org/10.1371/journal.pone.0318422.t1004

P>|t
0.16 0.870
6.88 0.000

[95% conf.
-5097529
2.093075

interval]
.5985359
3.875644
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Table 5. Certainty assessment for included outcomes for the proportion of preconception FA supplementation among women in Sub-Saharan Africa.

Outcome Study design Source |Riskof |Inconsistency | Directness |Imprecision |Publication Proportion (CI) |Certainty
bias bias

Preconception folic acid Observational 28 Low' Serious® Direct’ low* Very low”, 14.10% Low

supplementation studies (11.2216.98)

'Rated as low because most studies included were of high quality.

*Rated as Serious due to significant heterogeneity (I> > 97.7%).

® Rated as direct as there is a clear link between preconception folic acid intake and the outcome.
“Rated as low due to narrow confidence intervals.

% publication bias present and rated as low but handled with trim and fill analysis.

https://doi.org/10.1371/journal.pone.0318422.t005

This increased awareness and active engagement with healthcare services potentially plays a
pivotal role in fostering improved adherence to preconception care practices, including the
essential supplementation of FA.

Our findings demonstrate a higher proportion of preconceptional FA supplementation
compared to a study conducted in Egypt, where only 8.8% of women reported taking FA sup-
plements before pregnancy [66]. The discrepancy in proportion might be attributed to the
time period of the conducted studies. In recent years, various mechanisms have been imple-
mented, especially in low-income countries, to enhance awareness and access to FA supple-
mentation. Many studies included in this meta-analysis were conducted after 2014, reflecting
these advancements, which likely contributed to an increased proportion of preconceptional
FA use observed in more recent studies compared to those conducted earlier. Another reason
for this discrepancy could stem from variations in research methodology and the distinct char-
acteristics of the population groups studied.

In addition, Toivonen et al. showed that the proportion of FA supplementation during the
preconception period in Africa was 0% [28], which is lower than from our estimated pooled
proportion. The discrepancy might be due to the previous review including only three studies
from the African region, potentially underestimating the true proportion of FA supplementa-
tion during the preconception period. Another contributing factor to the variation in propor-
tion estimates could be attributed to several factors, including changes in healthcare policies,
economic conditions, and awareness campaigns.

The findings of this study indicate a significantly lower proportion of preconceptional FA
supplementation compared to a study conducted in Lebanon, where 48% of participants
reported using FA supplements before pregnancy [67]. This discrepancy underscores varia-
tions in health behaviors and practices across different populations, influenced by factors such
as healthcare access, awareness campaigns, socioeconomic status, and cultural norms related
to maternal health.

Similarly, our findings showed a significantly lower proportion compared to a study con-
ducted in Vietnam, where FA use before pregnancy was reported to be 24.5% [68]. The lower
proportion of FA supplementation in SSA compared to Vietnam can be attributed to factors
such as less strong public health initiatives, socioeconomic disparities, and varying cultural
practices that health seeking behavior. In the prior study, a significant majority of participants,
exceeding 77%, had planned pregnancies which drove them to actively seek preconception
care services including FA supplementation [69,70].

Likewise, studies conducted across various high-income nations have indicated a higher
proportion of preconceptional FA intake compared to the current findings. For instance, a sys-
tematic review and meta-analysis conducted in 2018 reported that in North America, the pro-
portion of preconceptional FA supplementation ranged from 32% to 51% [28]. Similarly,
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research conducted in China, Iran, and Vietnam documented proportion rates of 52.1%,
54.5%, and 24.9%, respectively [68,71,72]. These differences in supplementation rates across
regions can be attributed to various factors, such as disparities in healthcare policies, availabil-
ity of supplements, and the effectiveness of public awareness campaigns.

In high-income countries, comprehensive health education and awareness programs for
childbearing women are provided through well-resourced healthcare systems, public health
campaigns, and mandatory prenatal care guidelines. Greater awareness and education about
the importance of preconceptional health and nutrition in high-income countries contribute
significantly to the higher proportion of FA supplementation [73]. In contrast, low-income
nations face significant barriers such as financial constraints and limited access to healthcare
facilities, which pose challenges to women seeking essential healthcare services [74].

The findings highlight a critical need for targeted public health strategies aimed at improv-
ing access, awareness, and utilization of FA supplementation across Sub-Saharan Africa. In
conclusion, the findings provide valuable insights into the proportion of preconception folic
acid supplementation among women in Sub-Saharan Africa. However, based on the GRADE
framework, the overall quality of evidence is rated as low. These limitations underscore the
need for caution in interpreting the results and highlight the necessity for further research to
improve the reliability of findings in this important area.

5. Strengths and limitations of the review

This systematic review and meta-analysis is the first comprehensive assessment of preconcep-
tional FA supplementation in SSA, highlighting several strengths. This review is notably strong
in its broad scope, covering a wide range of studies from different countries and regions within
SSA. It includes both published and unpublished articles in its systematic review and meta-
analysis across the continent. Subgroup analysis was performed to minimize statistical hetero-
geneity. While our study highlights the state of FA supplementation during preconception
period in SSA, it is important to acknowledge several limitations. The lack of studies represent-
ing all countries across SSA may restrict its ability to be generalized to the entire region. Signif-
icant heterogeneity and potential publication bias require cautious interpretation.
Additionally, comparing findings is challenging due to a lack of regional and global systematic
reviews.

6. Conclusions and recommendations

The systematic review and metaanalysis revealed alarmingly low rates of FA supplementation
during the preconception period in SSA. Addressing this critical issue necessitates coordinated
efforts from policymakers, healthcare providers, and community stakeholders. Key strategies
should focus on increasing awareness among women of reproductive age and healthcare pro-
fessionals about the benefits of FA supplementation. Furthermore, integrating FA supplemen-
tation into existing maternal and child health programs, strengthening partnerships with
pharmaceutical companies, and advocating for policy reforms to ensure affordable access to
supplements are crucial steps toward improving maternal and child health outcomes in the
region.

Future research should prioritize longitudinal studies and qualitative investigations into
cultural factors, alongside assessing targeted interventions. These efforts are essential for effec-
tively addressing disparities and enhancing maternal and child health outcomes in the region.
Updated proportion estimates of FA supplementation before pregnancy are crucial for inform-
ing policymakers, health planners, communities, as well as governmental and non-govern-
mental organizations.
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