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Abstract

Background: We conducted a meta-analysis of observational epidemiological

studies to evaluate the association between periconceptional use of vitamin A and

the risk of giving birth to a child with nonsyndromic orofacial clefts (NSOFCs).

Methods: We carried out a systematic literature search of Embase, PubMed,

Web of Science, Google Scholar, and OpenGrey from inception to June

30, 2021. Two reviewers independently evaluated the studies that met the

inclusion criteria and filled out an abstraction form for each study. Study qual-

ity was assessed using the Newcastle-Ottawa Assessment Scale (NOS).

Adjusted estimates were pooled with an inverse variance weighting using a

random-effects model. Heterogeneity and publication bias were assessed using

the Cochran's Q test and funnel plot, respectively.

Results: A total of six case–control studies with moderate risk of bias were

included. The pooled OR showed a 20% reduction in the risk of NSOFCs for

periconceptional use of vitamin A which was not statistically significant

(OR = .80; 95% CI .54–1.17, p = .25). For nonsyndromic cleft lip with or with-

out cleft palate (NSCL/P), the studies were homogenous, and the pooled esti-

mate showed a 13% risk reduction, which was significant (OR = .87; 95% CI

.77–.99, p = .03). For nonsyndromic cleft palate only (NSCPO), the pooled esti-

mate showed a 33% lower likelihood, which was not statistically significant

(OR = .67; 95% CI .42–1.08, p = .10).

Conclusion: Our results suggest a possible protective effect for the per-

iconceptional use of vitamin A on the risk of NSCL/P. This finding should be

investigated further in prospective studies across multiple populations.
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1 | BACKGROUND

Orofacial clefts (OFCs) are the most common congenital
birth defects of the head and neck (Mai et al., 2014), with
an estimated prevalence that ranges between 1 in
500 and 1 in 2500 (Mossey & Modell, 2012). OFCs can be
broadly classified into syndromic orofacial clefts (SOFCs)
and nonsyndromic orofacial clefts (NSOFCs) based on
the presence or absence of other structural or cognitive
impairments (Calzolari et al., 2007). The NSOFCs repre-
sent the most cases of OFCs and, depending on the
affected structure(s), can be further classified into cleft lip
(CL), cleft lip and palate (CLP), and cleft palate only
(CPO) (Carinci, Scapoli, Palmieri, Zollino, &
Pezzetti, 2007). Due to the closely related embryological
basis between CL and CLP, they are usually grouped
together as CL with or without cleft palate (CL/P; Carinci
et al., 2007). The treatment is primarily surgical to correct
the structural defects and improve aesthetics. However,
restoring optimal function requires other care such as
orthodontics, nursing, and speech therapy, among others
(Nahai, Williams, Burstein, Martin, & Thomas, 2005).
The comprehensive care requirement and the integration
of affected individuals and families pose an economic
burden on the family and society, especially in resource-
limited environments.

The etiology of NSOFCs is multifactorial and the
role of several exogenous factors such as maternal nutri-
tion, including multivitamins, medications, and drugs
used during the periconceptional period is well docu-
mented (Kawalec, Nelke, Pawlas, & Gerber, 2015). The
periconceptional period (3 months before pregnancy
and the first trimester) is a critical period of embryonic
development during which tissues and organs are
formed in utero (embryogenesis) (Steegers-Theunissen,
Twigt, Pestinger, & Sinclair, 2013). Embryogenesis
requires the establishment of an accurate methylation
pattern in a process called fetal programming (Kwon &
Kim, 2017). Fetal programming is achieved by gene
expression patterns, which are crucial for the developing
baby's proper structural and functional development
(Lau & Rogers, 2004). Although most human traits are
determined by the genes located in the deoxyribonucleic
acid (DNA), gene expression patterns are affected by
environmental factors (Reik et al., 2003). This alteration
of gene expression by environmental factors (epige-
netics) is achieved through DNA methylation, chroma-
tin remodeling, and histone modification (Joshi,
Chellappan, & Kukshal, 2020). Insufficient or deficient
dietary nutrients during embryogenesis result in a per-
manent alteration to specific structures by affecting the
programming process (Barker, 1990). Maternal nutrition
is among the most important environmental variables

that decide the fate of the developing embryo
(Graham, 2000).

Vitamin A is a fat-soluble vitamin that can be
obtained from the diet in the form of provitamin A
(carotenoids) from plant products or as preformed vita-
min A (retinol and retinyl esters) from animal products
(Finnell et al., 2004; Tang, 2010). Additionally, preformed
vitamin A can also be gotten directly from supplements
together with other vitamins (as multivitamins) or in iso-
lation (vitamin A supplements). The absorption and con-
version of dietary carotenoids into vitamin A occurs in
the small intestine (Tang, 2010). The absorption process
is influenced by food formulation, processing, and fat
contents (Furr & Clark, 1997). Furthermore, the absorp-
tion and conversion of carotenoids is less efficient in the
presence of vitamin A from other sources regulating the
plasma level of vitamin A in humans (Tang, 2010). Vita-
min A plays a crucial role during embryogenesis, most
importantly in the modulation of the upper lip and palate
morphogenesis (Finnell et al., 2004). Studies in experi-
mental animals have linked excess or deficiency of vita-
min A to an increased risk of OFCs (Finnell et al., 2004).
While the teratogenic effect of excess vitamin A has been
reported in animal studies, the threshold at which vita-
min A becomes teratogenic in humans remains contro-
versial (Bastos Maia et al., 2019). Furthermore, fetal
vitamin A (retinol) levels do not increase significantly fol-
lowing maternal supplementation (Miller, Hendrickx,
Mills, Hummler, & Wiegand, 1998). This is because while
the placenta can transfer teratogenic compounds and
continue to produce teratogens through ongoing oxida-
tive metabolism and isomerization (Miller et al., 1998),
the mean serum levels of vitamin A remain within the
physiologic range even at a dosage of 30,000 IU (9,000
μg/day) (The recommended daily dose during pregnancy
is 800 μg/day) (WHO, 2004).

Over the years, human epidemiological studies have
focused largely on multivitamins (with or without vita-
min A as a component; Czeizel, Dob�o, & Vargha, 2004;
Itikala, Watkins, Mulinare, Moore, & Liu, 2001; Shaw,
Wasserman, O'Malley, Tolarova, & Lammer, 1995). The
few human studies that evaluated the specific effect of
vitamin A (Johansen, Lie, Wilcox, Andersen, &
Drevon, 2008; Mitchell, Murray, O'Brien, & Christensen,
2003; Werler, Lammer, Rosenberg, & Mitchell, 1990)
reported a largely nonsignificant protective effect of vita-
min A on the risk of NSOFCs. Only one study reported a
statistically significant protective effect of vitamin A on
CPO (Johansen et al., 2008). Further, studies have shown
that vitamin A deficiency during pregnancy is likely to
have different phenotypic effects depending on the stage
of fetal development (Bastos Maia et al., 2019). Hence,
this meta-analysis of observational epidemiological
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studies aims to evaluate the association between vitamin
A use during the periconceptional period and the risk of
giving birth to a child with NSOFCs among pregnant
women. We hypothesize that the use of vitamin A (die-
tary intake or supplement) during the periconceptional
period will reduce the risk of NSOFCs or a sub-
phenotype (CL/P and CPO).

2 | METHODS

2.1 | Search strategy

We carried out a systematic literature search of Embase,
PubMed, Web of Science, Google Scholar, and OpenGrey
using the following search terms: “Vitamin A,” “Retinol,”
“beta-carotene,” alpha-carotene,” and “multivitamins” in
combination with “orofacial cleft,” “craniofacial birth
defects,” “congenital birth defects,” “oral cleft,” “cleft
lip,” and “cleft palate.” The search included all the arti-
cles from the inception of the databases to June 30th,
2021. An additional manual search of references from
selected studies was also conducted. From our search,
only one article was not in English, and after going
through its abstract, which was available in English, it
did not meet our inclusion criteria. Our search included
both published articles and gray literatures. A study was
included if it was an original human observational epide-
miological study (cross-sectional, case–control, or cohort
study), evaluating the association between orofacial cleft
or craniofacial birth defects including OFCs and vitamin
A (dietary, supplement, or both) used at anytime within
the periconceptional period (3 months before pregnancy
and first 3 months of pregnancy). Included studies must
provide the result for vitamin A specific effect on the risk
for NSOFCs. Studies were excluded if they were animal
or experimental study, shared population with another
included study, case report, case series, review, or quasi-
experimental studies. Studies without relevant quantita-
tive information or without adequate data for odds ratio
or relative risk calculations were also excluded.

Two reviewers independently evaluated the studies
that met the inclusion criteria and filled out an abstrac-
tion form for each of the studies. The information con-
tained in the abstraction form included: study
authorship, year of publication, study location, study
design, study population, sample size, source of
vitamin A, duration of exposure, the dosage of vitamin A,
and how it was calculated, outcome ascertainment
method, cleft phenotypes, and confounders adjusted for.
Study quality was assessed using the Newcastle–Ottawa
Assessment Scale (NOS; Wells et al., 2000). The NOS
scale has three domains (selection of participants,

comparability, and exposure/outcome assessment) with a
maximum score of 9. Each item under the domains has a
maximum score of 1, except for the comparability
domain, which has item and a maximum score of 2. These
scores are assigned based on how well a study fulfills the
individual items using a set of standardized criteria. Stud-
ies were classified based on the total quality score using
arbitrary cut-offs [≤3 = low-quality (high-risk of bias), 4–
6 = moderate quality (moderate risk of bias), and 7–
9 = high-quality (low-risk of bias)]. A third reviewer
checked the abstraction forms from the two independent
reviewers for discrepancies, and all discrepancies were
resolved by consensus.

Adjusted odds ratios were used for the analyses.
These adjusted estimates were pooled with a generic
inverse variance weighting method using a random-
effects model to estimate the summary measure of effects
in the main and subgroup analyses. Funnel plots were
created using the effects of vitamin A on all NSOFCs for
five studies (excluding one study, which reported only
the subphenotype specific results) to visually assess publi-
cation bias by checking for asymmetry. Cochran's Q test
was used to assess the heterogeneity of the included stud-
ies, and a p-value < .2 indicates potential heterogeneity.
Additionally, I2 was calculated to assess the degree of het-
erogeneity. Subgroup analyses were conducted for the
subphenotypes of OFCs (CL/P and CPO) as these have
been shown to be etiologically distinct and are in line
with our hypothesis, which suggests the possibility of a
phenotype-specific effect. Revman (Review Manager
from the Cochrane Collaboration) meta-analytic software
was used for the analyses (RevMan, 2020). Systematic
review registration: International prospective register of
systematic reviews (PROSPERO CRD42021268825).

3 | RESULTS

A total of six studies were included in the meta-analysis.
The systematic literature search resulted in a total of
605 potentially eligible studies after we removed the
duplicates. Primarily, we identified 517 studies through
PubMed, 31 via Embase, 35 via Google Scholar,
304 through Web of Science, and seven by reference sea-
rch of selected articles (total of 894 with duplicates). Fol-
lowing abstract and title screening, 579 studies were
excluded. We then excluded 18 more studies based on
our inclusion and exclusion criteria. Two studies were
further excluded as they only presented mean differences
in vitamin A without any association data (Figure 1).

Four of the included studies were conducted outside
the United States; that is, in the Netherlands, Denmark,
and Norway (Bille et al., 2007; Johansen et al., 2008;
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Krapels et al., 2004; Mitchell et al., 2003). Most (5/6)
(Johansen et al., 2008; Krapels et al., 2004; Mitchell
et al., 2003; Wallenstein, Shaw, Yang, & Carmichael,
2013; Werler et al., 1990). Five of the included studies
were case–control studies with diet as the major source of
vitamin A. Four of the studies had vitamin supplements
as additional sources (Bille et al., 2007; Johansen
et al., 2008; Mitchell et al., 2003; Werler et al., 1990). Four

of the included studies (Bille et al., 2007; Johansen
et al., 2008; Krapels et al., 2004; Wallenstein et al., 2013)
specified the dosage of vitamin A; two used quartile, one
used percentile and the last dichotomized vitamin A
exposure into yes or no. The quartile and percentile were
calculated based on the distribution of vitamin A among
control mothers. There was considerable variability in
the duration of exposure to vitamin A reported by four

FIGURE 1 Prisma flow diagram for the systematic literature search for the meta-analysis
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studies (Bille et al., 2007; Johansen et al., 2008; Krapels
et al., 2004; Wallenstein et al., 2013). Although these four
studies used the term “periconceptional” for the duration,
the definition of this term differed between studies. One
study (Mitchell et al., 2003) matched cases to controls by
site and place of birth, while others presented the
adjusted estimate after controlling for potential con-
founders (Table 1). All the included studies had moderate
quality with the same total score, and thus, we were
unable to stratify by quality (Table 2).

Five studies assessed all NSOFCs irrespective of the
phenotype; two of which calculated the dosage of vita-
min A from the distribution among controls, and one
dichotomized vitamin A exposure. Using the adjusted
OR for the studies (comparing the largest quartile/per-
centile), we calculated the pooled OR using a random-
effects model. This showed a 20% reduction in the risk
of NSOFCs for periconceptional use of vitamin A, which
was not statistically significant (OR = 0.80; 95% CI
0.54–1.17, p = .25; Figure 2). There was moderate het-
erogeneity among the included studies, with an I2 value
of 30%. Visualization of the funnel did not suggest the
presence of publication bias (Figure 3). All the included
studies reported a nonsignificant odds ratio for the
effects of vitamin A on NSOFCs, making publication
bias highly unlikely.

For the subgroup analysis, we identified studies
where the effects, of vitamin A on NSCL/P and NSCPO
were presented separately (four studies). For NSCL/P, the
studies were homogenous, with an I2 of 0%, and the
pooled estimate showed a 13% reduction in the risk,
which was significant (OR = 0.87; 95% CI 0.77–0.99,
p = .03). In contrast, we found evidence (p = .09,
I2 = 54%) for between-study heterogeneity in the NSCPO
subgroup analysis. The pooled OR using a random-effect
model showed a 33% lower likelihood of NSCPO, which
was not statistically significant (OR = 0.67; 95% CI 0.42–
1.08, p = .10) (Figure 3b).

4 | DISCUSSION

Following the advocacy for the use of vitamin supple-
ments during the periconceptional period, studies investi-
gating the effects of folic acid and other components of
multivitamins on the risk of congenital birth defects,
especially NSOFCs, have gained traction. Like the uncer-
tainty concerning the protective effects of folic acids on
NSOFCs risk, the evidence for vitamin A remains
unclear. To the best of our knowledge, this is the first
meta-analysis to evaluate the effect of periconceptional
use of vitamin A on the risk of NSOFCs. Our results
showed a nonsignificant protective effect of vitamin A on
the risk of giving birth to a child with NSOFCs among
pregnant women. When we performed the analysis sepa-
rately for the subphenotypes (NSCL/P and NSCPO), we
found a significant protective effect of vitamin A on the
risk of NSCL/P and a nonsignificant effect on the risk of
NSCPO. A similar finding was seen in a meta-analysis
conducted on the effect of folic acid fortification and the
prevalence of NSOFCs, where a significant effect was
seen only with the NSCL/P subphenotype (Millacura,
Pardo, Cifuentes, & Suazo, 2017). This observation could
be explained by the underlying differences between these
two subphenotypes (Fogh-Andersen, 1967). For instance,
NSCL/P occurs during lip and primary palate formation,
while NSCPO occurs during the formation of the second-
ary palate (Leslie & Marazita, 2013). Also, NSCL/P are
more common in males while NSCPO are commoner in
females (Grosen et al., 2010). These differences point to
distinct genetic, embryologic, and possibly exogenous
factors.

In the overall NSOFCs cleft analyses, the moderate
statistical heterogeneity (I2 = 30%) observed was due
mainly to the Werler study (Werler et al., 1990), which
reported a nonsignificant increase in the risk of oral clefts
among mothers who used vitamin A. The study did not
provide information about vitamin A dosage or duration.

FIGURE 2 Shows the studies odds ratios as well as the pool odds ratio for the association between periconceptional use of vitamin A

and NSOFCs
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Participants were restricted to only mothers taking pref-
ormed vitamin A from supplements (retinol, retinol ace-
tate, and retinol palmitate) daily for at least 1 week
within the first trimester. This could potentially select
mothers with very high-vitamin A levels due to the

increased bioavailability of vitamin A from preformed
sources compared to provitamin A carotenoids. Further-
more, this study was conducted prior to the folic acid for-
tification of foods across most countries. Although the
study participants were asked about folic acid intake, it

FIGURE 3 (a) Shows the funnel plot for the association between periconceptional use of vitamin A and nonsyndromic orofacial clefts

(NSOFCs). (b) Shows the studies odds ratios as well as the pool odds ratio by cleft phenotype (NSCL/P and NSCPO) for the association

between periconceptional use of vitamin A and NSCL/P and NSCPO
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was not adjusted for in the results. For the CLP subgroup
analyses, the reported ORs were similar across all the
included studies despite the difference in vitamin A
source, duration, and covariates adjusted for. The low-
heterogeneity might be because of the ability to regulate
plasma concentration of vitamin A in humans and the
lack of significant difference between crude and adjusted
ORs in the included studies. Whereas for CPO subgroup
analyses, Bille et al. (2007) and Johansen et al. (2008)
reported more protective ORs compared to Mitchell
et al. (2003) and Wallenstein et al. (2013). A possible
explanation could be the difference in controls used in
these studies. The Bill et al. and Johansen et al. studies
recruited controls from the general populations, while
the Mitchel and Wallenstein studies recruited hospital-
based controls. This perhaps could introduce recall bias
where mothers recruited in hospitals whose child may
have some other health conditions are more likely to
recall in detail food, and supplements consumed com-
pared to mothers recruited from the general population.
Additionally, it is possible that the smaller sample sizes
for the cleft palate only phenotype in all the included
studies introduced random errors into the estimates, con-
tributing to the heterogeneity.

In this study, we included only studies that pres-
ented vitamin A specific results among those looking
at the association between diet, multivitamins, or both
and OFCs. We did this to identify vitamin A-specific
effect after adjusting for other components in multivi-
tamins, especially folic acid, which has been well docu-
mented to protect against OFCs when taken during the
periconceptional period (Botto, Olney, &
Erickson, 2004; van Rooij et al., 2004). Despite this
targeted approach and the use of adjusted odds ratio in
our meta-analysis, the effect of unmeasured con-
founders (dietary habits, socioeconomic status, previ-
ous reproductive history, family history of OFC, health
behavior, and other micro/macronutrients present in
multivitamins) cannot be completely ruled out. For
example, the components of multivitamins, including
vitamin A, vary by region (Martínez-Frías &
Salvador, 1990). The majority (5/6) of the studies
pooled together were case–control studies without
standardization of the vitamin A dosage or duration.
Also, our results are prone to recall bias because all the
studies assessed vitamin A exposure via questionnaires
administered to mothers after birth which could have
biased the reported associations.

Furthermore, all the included studies are of moderate
quality, with a total quality score of 5. This was due to
multiple factors randomly distributed across the studies,
except for exposure ascertainment, which was self-
reported in all. Finally, while it is possible to estimate

vitamin A consumption from dietary foods as done in
most of the included studies, cooking methods may sig-
nificantly impact the retained vitamin content. Thus, fur-
ther studies should assess this.

In conclusion, our result suggests a possible protective
effect for the periconceptional use of vitamin A on the
risk of giving birth to a child with NSCL/P among preg-
nant women. However, future studies using standardized
dose and definition for the periconceptional period
(a period critical in the development of craniofacial struc-
tures) will be required to confirm our findings.
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