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A R T I C L E

Vitamin Supplements and the Risk for Congenital
Anomalies Other Than Neural Tube Defects
LORENZO D. BOTTO,* RICHARD S. OLNEY, AND J. DAVID ERICKSON

Randomized trials, supported by many observational studies, have shown that periconceptional use of folic acid,
alone or in multivitamin supplements, is effective for the primary prevention of neural tube defects (NTDs).
Whether this is true also for other congenital anomalies is a complex issue and the focus of this review. It is useful
to consider the evidence not only for specific birth defects separately but, importantly, also for all birth defects
combined. For the latter, the Hungarian randomized clinical trial indicated, for periconceptional multivitamin use,
a reduction in the risk for all birth defects (odds ratio (OR)¼ 0.53, 95% confidence interval (CI)¼ 0.35–0.70),
even after excluding NTDs (OR¼ 0.53, 95% CI¼ 0.38–0.75). The Atlanta population-based case-control study,
the only large observational study to date on all major birth defects, also found a significant risk reduction for all
birth defects (OR¼ 0.80, 95% CI¼ 0.69–0.93) even after excluding NTDs (OR¼ 0.84, 95% CI¼ 0.72–0.97).
These and other studies also evaluated specific anomalies, including those of the heart, limb, and urinary tract, as
well as orofacial clefts, omphalocele, and imperforate anus. For cardiovascular anomalies, two studies were
negative, whereas three, including the randomized clinical trial, suggest a possible 25–50% overall risk reduction,
more marked for some conotruncal and septal defects. For orofacial clefts, six of seven case-control studies
suggest an apparent reduced risk, which could vary by cleft type and perhaps, according to some investigators, by
pill dosage. For limb deficiencies, three case-control studies and the randomized trial estimated approximately a
50% reduced risk. For urinary tract defects, three case-control studies and the randomized trial reported reduced
risks, as did one study of nonsyndromic omphalocele. All these studies examined multivitamin supplement use.
With respect to folic acid alone, a reduced rate of imperforate anus was observed among folic acid users in China.
We discuss key gaps in knowledge, possible avenues for future research, and counseling issues for families
concerned about occurrence or recurrence of these birth defects. Published 2004 Wiley-Liss, Inc.{
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INTRODUCTION

Decades of studies, including two ran-

domized clinical trials [MRC Vitamin

Study Research Group, 1991; Czeizel

andDudas, 1992] have demonstrated the

effectiveness of folic acid in preventing

a substantial fraction of neural tube

defects. These findings have led to

recommendations and actions on the

part of medical, public health, and

community groups to ensure that such

research would translate into the public’s

benefit.

Whether the risk for birth defects

other than neural tube defects is de-

creased by folic acid alone or multi-

vitamin use is a question of considerable

relevance. As a group, congenital ano-

malies are a major cause of morbidity,

disability, and mortality among children
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Whether the risk for birth

defects other than neural tube

defects is decreased by folic acid

alone or multivitamin use is

a question of considerable

relevance. As a group,

congenital anomalies are a

major cause of morbidity,

disability, and mortality

among children.
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[Centers for Disease Control and Pre-

vention, 1998; Shibuya and Murray,

1998]. Heart defects, for example, ac-

count for a third or more of infant deaths

due to congenital anomalies, more than

any other congenital anomaly, including

neural tube defects [Centers for Disease

Control and Prevention, 1998]. Finding

simple and inexpensive ways to prevent

such congenital anomalies is desirable in

any setting and particularly in less af-

fluent countries where 90% of births

currently occur and where costly med-

ical and surgical care is not always

available.

Because the effect on neural tube

defects is established, in this paper we

focus on congenital anomalies other

than neural tube defects. Animal models

are beyond the scope of the review and

will not be covered. We first summarize

the published evidence, adding some

findings from a large case-control study

from Atlanta; then we highlight gaps in

knowledge; and finally we discuss re-

search and clinical implications.

MATERIALS AND
METHODS

We searched Medline using the search

terms vitamin, multivitamin, folic acid,

congenital abnormality, and birth defects.

We searched for all languages and all

available years. We also reviewed refer-

ence lists of key articles and reviews for

additional articles. We included studies

that were published in peer-reviewed

journals, were original research articles

using epidemiologic data, quantified an

association with vitamin use, and had an

outcome that was a congenital abnorm-

ality in human beings. We also included

studies quantifying an association with

the common 677C! T variant of the

MTHFR gene, as a possible indicator of a

specific etiologic role of folic acid. We

did not include studies on genetic or

chromosomal conditions such as Down

syndrome.

For the Hungarian randomized

clinical trial we used the final data re-

ported in 1998 [Czeizel, 1998]. We

reanalyzed data from the Atlanta Birth

Defects Case-Control Study, a large

population-based studyof all major birth

defects [Erickson, 1991], to compute the

estimated relative risk for all birth defects

combined,with andwithout neural tube

defects, to expand on findings previously

reported in abstract form [Mulinare

et al., 1995]. In our analysis of this

case-control study we compare regular

periconceptional multivitamin use (three

or more times per week, beginning from

before conception) to no use before

conception or during first trimester, and

adjust via logistic regression model for

maternal race, period of birth, and hos-

pital of birth (the study design variables).

From published reports we ab-

stracted features related to study design,

patient population, and results. We re-

port the published effect estimates,

though we recomputed some for a more

uniform presentation. When a finding

was unclear to us (e.g., whether a case-

control study was population based or

not) we left that entry blank.

RESULTS

With respect to supplement use, we

selected 17 studies [Li et al., 1995; Shaw

et al., 1995a,b, 2000; Tolarova and

Harris, 1995; Czeizel et al., 1996; Hayes

et al., 1996; Yang et al., 1997; Czeizel,

1998; Scanlon et al., 1998; Werler et al.,

1999; Botto et al., 2000, 2002b; Beaty

et al., 2001; Itikala et al., 2001; Loffredo

et al., 2001; Myers et al., 2001].

With respect to MTHFR variants

we focused on five studies on oral clefts

[Shaw et al., 1998; Gaspar et al., 1999;

Mills et al., 1999; Martinelli et al., 2001;

van Rooij et al., 2003]. For studies on

MTHFR variants and heart defects, we

refer to the discussion in Botto et al.

[2003].

For all birth defects (Fig. 1) the risk

reduction associated with periconcep-

tional multivitamin use was 47% in the

Hungarian randomized trial (odds ratio

(OR)¼ 0.53, 95% confidence interval

(CI)¼ 0.35–0.70) and 20% in the

Atlanta case-control study (OR¼ 0.80,

95% CI¼ 0.69–0.93). For all birth

defects excluding neural tube defects

the risk reduction was 47% (OR¼ 0.53,

95% CI¼ 0.38–0.75) and 16% (OR¼
0.84, 95% CI¼ 0.72–0.97) in the two

studies, respectively.

Specific studyelements and findings

are here summarized for selected birth

defects, including oral clefts (Table I),

heart defects (Table II), and other

congenital anomalies (Table III).We also

summarize findings relative to the

677C!T variant of the MTHFR

gene and cleft lip and palate, for which

more data are available among the ano-

malies examined here (Table IV).

Figure 1. Estimated relative risk for all major birth defects, with and without neural
tube defects, associated with periconceptional multivitamin use. From Hungarian
randomized clinical trial and Atlanta Birth Defects Case-Control Study.
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To provide an evaluation of poten-

tial benefits as a preventable fraction

(rather than a relative risk), we com-

puted the number of cases potentially

prevented by periconceptional multi-

vitamin use in a hypothetical cohort of

370,000 newborns (roughly the esti-

mated number of births worldwide

daily). This calculation assumes that

the relative risk from the literature

(Tables I–III) reflect a causal relation.

Weconsideredonly thoseanomalieswith

at least two published relative risk estim-

ates, all of which were in same direction.

We computed a range of preventable

cases using three parameters: the highest

and lowest published point estimates and

an estimate of defect occurrence rates

(per 1,000 births). These parameters

were as follows: all birth defects (OR¼
0.80 and 0.53, rate¼ 30/1,000); heart

defects (OR¼ 0.76 and 0.42, rate¼ 8/

1,000); conotruncal defects (OR¼ 1.00

and 0.46, rate¼ 0.8/1,000); limb defects

(OR¼ 0.64and0.19, rate¼ 0.5/1,000);

andurinary tract defects (OR¼ 0.60 and

0.17, rate¼ 4/1,000). The findings,

rounded to the closest 50 units, are

summarized in Figure 2.

DISCUSSION

The interpretation of these data is ulti-

mately founded on a reasoned balance

between methodology, data, biology,

and context. Because these may vary by

type of birth defect and can hardly be

conveyed adequately in this short sum-

mary, we shall focusmainly on issues that

are shared across types of birth defects.

For more comprehensive, defect-speci-

fic discussion refer to recent reviews

[Munger, 2002; Botto et al., 2003].

It is useful to defer the discussion of

specific defects and examine first the

question ofwhether supplements reduce

the overall risk for birth defects. This

question is key to preventive clinical

practice and public health action and,

because of sheer numbers, could be

answered more easily than questions on

specific, rarer anomalies. However, few

studies have examined systematically the

overall association with birth defects.

TheHungarian randomized trial report-

ed a 47% decrease for all birth defects
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combined (the same even after exclud-

ing neural tube defects). In the Atlanta

case-control study the overall reduction

was approximately 20% (16% excluding

neural tube defects). The difference

between these two estimates (20% and

47%) can be due to many factors,

including bias and confounding (e.g.,

differential and nondifferential reporting

bias in the case-control study), as well as

the relative size of the two studies. One

should alsonote that the randomized trial

could estimate risks with limited preci-

sion given its size, and that the Atlanta

study was observational and retrospec-

tive.However,becausemorethan10,000

children are estimated to be born daily

with congenital anomalies worldwide

(3% of the estimated 135 million births

that occur yearly), even a 15–20%

decrease in the overall risk for birth

defects, if true, would be important.

Because more than 10,000

children are estimated to be

born daily with congenital

anomalies worldwide . . . , even

a 15–20% decrease in the

overall risk for birth defects,

if true, would be important.

Moving to the question of specific

birth defects, the two studies just cited,

which survey many types of anomalies,

already underscore the challenges of

identifying which anomalies are related

to multivitamin use and which are not.

For example, for some anomalies (e.g.,

cardiac, limb) there is evidence of a

risk reduction in both studies, whereas

for others (e.g., orofacial clefts) such

evidence is present in one but not

the other study. Adding the data from

other focused studies (summarized in

Tables I–III) provides a complex picture

with conflicting findings.

In part, the variation in the findings

could reflect the heterogeneity of the

studies. In the studies on oral clefts

(Table I), for example, the assessment

of multivitamin supplement use varied

considerably, with respect to pattern

(e.g., any use vs. regular use), timing

(first trimester vs. from before concep-

tion), and folic acid content (from un-

known to 10.0 mg). These studies often

used different study populations (e.g.,

hospitals/clinics or population-based

setting), comparison groups (no supple-

ment use vs. irregular use), and end-

points (e.g., all cases vs. isolated cases).

Some geographic locations also had

considerable ethnic heterogeneity. This

diversity might have reduced the power

of these studies to show an effect, parti-

cularly if a particular polymorphism was

involved, due to genetic heterogeneity

among multiple ethnic groups.

The studies on heart defects high-

light further difficulties in interpreta-

tion and in drawing inferences that are
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Figure 2. Estimated number of birth defects potentially preventable worldwide
each day by use of multivitamin supplements (estimated births¼ 370,000), assuming
relative risks in published range are true and causal. (See text for assumptions.)
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engendered by heterogeneity, including

defect classification (which could influ-

ence the analysis and possibly the effect

estimates) and screening for 22q11

(which if undiagnosed could inflate

etiologic heterogeneity and bias the

effects, likely toward null results). Such

sources of heterogeneity, well appre-

ciated in such exposure studies [Werler,

2002], remain a considerable challenge

in interpreting the current body of

literature. To what extent such hetero-

geneity accounts for the variation of the

effect estimates is unclear. Nevertheless,

to disregard such heterogeneity is prob-

ably unwise, at this stage of knowledge,

as doing so implicitly assumes, without

proof, that the factors that vary across

studies have no effect on the association.

It may be helpful to conclude these

methodologic considerations with a

comparative look at neural tube defects,

for which the effect of supplements and

folic acid is well established [Botto et al.,

1999; Moore, 2001]. For neural tube

defects, the data are considerable and

include robust randomized clinical trials

as well as several recurrence and occur-

rence studies. Both folic acid alone and

multivitamin supplements have been

studied. Findings are remarkably con-

sistent across different studydesigns, geo-

graphic areas, and ethnic backgrounds.

Genetic data on the 677C!T variant

of theMTHFR gene pooled from several

studies, though variable, are globally

convincing. Ease of diagnosis and lim-

ited morphologic variation further sim-

plify the study of neural tube defects.

These considerations also highlight

the need for large, well-designed studies

(Table V). This approach can leverage

multicenter collaboration to achieve sta-

tistical power, but requires shared epide-

miologic and clinical protocols to ensure

comparability andvalidityof thefindings.

Such studies couldprovidecriticalknow-

ledge on key aspects of the relation be-

tween supplement use and birth defects,

which we will now briefly examine.

Effect Direction and Size

We already noted the marked variability

of the published findings. For example,

the risk reduction for conotruncal heart

defects estimated in different studies

varied from 0–50% (Table II). For oral

clefts, the point estimate varied even in

the same study framework during dif-

ferent study periods, from 1.3 (30%

increased risk) [Hayes et al., 1996] to

0.7 (30% decreased risk) [Werler et al.,

1999]. For limb deficiencies, a similar

risk reduction in two studies [Shawet al.,

1995b; Yang et al., 1997] was driven by

apparently different limb deficiency

subgroups.

These findings further underscore

the critical role for medical geneticists to

ensure valid and consistent clinical clas-

sification, in particular of defect sub-

groups, in such epidemiologic studies.

These findings further

underscore the critical role for

medical geneticists to ensure

valid and consistent clinical

classification, in particular of

defect subgroups, in such

epidemiologic studies.

In addition to validity, precision of the

effect estimate is a desired objective,

which requires large study populations

achievable only through multicenter

collaboration. For example, finding a

25% decrease in risk for conditions such

as hypoplastic left heart,with occurrence

rates of 1 in 5,000 births, even in re-

asonable and favorable study settings

[Botto et al., 2003] could require an

underlying birth cohort the size of all

annual births in the United States.

TABLE V. Understanding Whether Vitamins Prevent Birth Defects: Challenges, Gaps, and Strategies

Challenges and gaps Strategies

Establish effect with reasonable precision Randomized trials with sufficient power

Collaborative well-designed case-control studies (e.g., National

Birth Defects Prevention Study - NBDPS)

Etiologic heterogeneity, subgroup classification Participation of clinical geneticists in studies

Evaluate for known teratogens, genetic causes

Identify and quantify dose-effect relation Randomized trials with treatment arms with varying

vitamin dose

Observational studies stratified by vitamin content

Evaluate effect in occurrence vs. recurrence setting Recurrence prevention trials

Observational studies with family history components

Ethical issues related to randomized trials of folic acid

supplementation

All treatment arms include 400 mcg of folic acid

Higher doses can be tested

Background of flour fortification and baseline multivitamin use in

countries where studies are conducted

Incorporation of biologic sample collection with biochemical

analyses into epidemiologic studies

Assess effect by genotype Incorporation of biologic sample collection with molecular

testing into epidemiologic studies
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Role of Specific Micronutrients

Because nearly all studies examined

multivitamin supplements, little is

known on the role of specific micro-

nutrients. Folic acid, for example, has

been studied nearly exclusively as part

of such multivitamins (Tables I–III).

Because of this, indirect data can be quite

useful, including those on folic acid

antagonists [Hernandez-Diaz et al.,

2000] or folate genes (e.g., Table IV).

For example, by searching for distortions

from the expected Mendelian randomi-

zation of polymorphic variants related to

micronutrient metabolism, such genetic

studies can suggest an etiologic role of

specific micronutrients [Clayton and

McKeigue, 2001; Davey Smith and

Ebrahim, 2003]. Understanding the role

of specific micronutrients has important

practical implications, as it can help

develop better prevention strategies,

whether by fortification, supplementa-

tion, improving diet, or a combination

of these.

Effect on Risk from

Other Exposures

A relevant question is: What are the

components of the birth defects’ risk

reduction by supplements? For example,

it would be useful to know whether the

risk associated with exposures such as

febrile illnesses [Botto et al., 2002a;

Shaw et al., 2002], maternal diabetes

[Correa et al., 2003], and other common

factors [Shawet al., 2002] are specifically

reduced by supplements.

Dose

For preventing spina bifida, 400 mg
(0.4 0mg) of folic acid/day is effective

[Berry et al., 1999], and even lower

intakes, for example, from fortification

alone [Persad et al., 2002], probably have

some preventive effect. The effective

dose for other birth defects (if indeed

folic acid alone prevents some) is

unknown but could be different. For

example, some findings relative to

orofacial clefts suggest that high-dose

folic acid might be more effective than

low-dose folic acid [Tolarova andHarris,

1995; Czeizel et al., 1999]. These studies

were not randomized.

The question of dosage is relevant

not only to fortification but also to clini-

cal counseling for recurrence. Only one

clinical trial [Tolarova and Harris, 1995]

provides data directly addressing recur-

rence risk, and because this study was

nonrandomized, includedonlyonebirth

defect, and used a very high dose of folic

acid (10 mg), one is left with insufficient

data on which to base public health re-

commendations. In general, data from

several observational studies outlined in

Tables I–III suggest low doses of folic

acid with multivitamins reduce occur-

rence risks also. More data on dosage

effects are desirable but not yet available.

Interaction and Mechanism

Quantifying the effect of gene-gene and

gene-environment interactions requires

large, carefully conducted studies, but

could help improve prevention efforts

among groups who might be at higher

risk of disease because of their genotype.

Elucidating the mechanism of action of

micronutrients will not only help estab-

lish causality, but can provide important

clues on the basic pathogenesis of birth

defects.

Research Options: Observational

Studies, Epidemiologic

Monitoring, Clinical Trials

Findingvalid andprecise answers to these

questions requires new, well-designed

studies. These may include population-

based case-control studies, case-trios,

randomized clinical trials, and birth de-

fects monitoring, each providing com-

plementary evidence. Larger, if fewer,

studies are preferable to ensure sufficient

sample size for an analysis of specific case

groups in relation to micronutrient in-

take from diet and supplements and

possibly by genotype. One such pro-

mising approach (Table V) is the

National Birth Defects Prevention

Study (NBDPS) [Yoon et al., 2001], a

multicenter, multistate study that incor-

porates clinical classification [Rasmussen

et al., 2003], detailed exposure and

dietary history, and biological data col-

lection [Rasmussen et al., 2002].

Birth defect monitoring in areas

wherewidespread flour fortification is in

place can provide considerable comple-

mentary information. For example, a

decrease of birth defects rates after flour

fortification would suggest that folic

acid is effective alone and in low doses.

Negative results could have more com-

plex interpretations, and in general

inferences based on monitoring of

necessity must consider complicating

factors such as the etiologic heterogene-

ityofmanybirth defects, the background

trends in occurrence, and the influence

of selective pregnancy terminations.

Randomized clinical trials can pro-

vide powerful evidence. However, the

logistic and financial challenges are

numerous, and one must realistically

consider what goals are achievable

within the constraints of resources.

What might be doable, with consider-

able effort, is one or two studies to look

at a few specific vitamins, doses, or

defects. Alternatively, the trial could

focus on assessing the overall reduction

of the risk for congenital anomalies other

than neural tube defects. This ap-

proach would sidestep many interesting

issues of specific causal associations with

individual birth defects, but could be

doable and provide important evidence

for population-wide prevention. Ano-

ther issue is the ethical necessity for all

trial participants to be provided with

at least the daily recommended dose

of folic acid. Depending on the specifics

of the doses used, and the particular

results, it could be very difficult to

understand the effect of folic acid per se.

For example, if a study compared 2 doses

of folic acid and found equal rates in both

dose groups itwould be difficult to know

if this was because both doses were

equally protective or equally ineffective;

making an inference in such a circum-

stance would require reference to data

from outside the study.

CONCLUSIONS AND
CLINICAL IMPLICATIONS

Overall, the findings on supplement

use from the Hungarian randomized

clinical trial, supported by the Atlanta
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Birth Defects Case-Control Study,

are consistent with the notion that

periconceptional multivitamin use

reduces the overall occurrence of

birth defects, in addition to the de-

monstrated effect on neural tube defects

Overall, the findings . . . are

consistent with the notion that

periconceptional multivitamin

use reduces the overall

occurrence of birth defects,

in addition to the

demonstrated effect on neural

tube defects.

(Fig. 1). The extent of risk reduction

differs somewhat in the two studies, but

even the more conservative estimate

(15%, in addition to that on neural tube

defects), if true, would be important.

These and other observational studies

suggest specific reductions for certain

common and severe birth defects. In our

view, these findings deserve to be fol-

lowed up quickly by further and well-

designed studies, given the potential

clinical and public health benefits asso-

ciated with preventing these congenital

anomalies (Fig. 2).

What kind of advice should provi-

ders now give in a clinical setting? With

respect to genotyping for folate-related

genes such as MTHFR, such testing,

while important in research studies, does

not appear currently to be useful as a basis

for clinical or public health practice.

Genotyping for folate-related

genes such as MTHFR, such

testing, while important in

research studies, does not

appear currently to be

useful as a basis for clinical

or public health practice.

The absolute risk associated with partic-

ular alleles would be small, and genotyp-

ing would not be an efficient screening

tool in clinical practice [Davey Smith

and Ebrahim, 2003].

Existing recommendations regard-

ing supplementationwith 0.4mg of folic

acid to prevent neural tube defects

remain the most practical immediate

advice for prevention of occurrence

or recurrence of other birth defects.

Because nearly all studies of birth defects

that reported a reduced risk for birth

defects other than neural tube defects

examined multivitamin supplements,

not folic acid alone, one could consider

using a multivitamin supplement with

the recommended daily dose of folic acid

[Oakley and Erickson, 1995] as an

alternative to folic acid alone.

The suggestions that high-dose folic

acid (several milligrams) might be better

than a daily multivitamin with 0.4–

0.8 mg of folic acid to prevent the

occurrence and recurrence of some birth

defects (other than neural tube defects)

are intriguing but not conclusive. Ran-

domized trials that compare the standard

dose of folic acid with higher doses or

vitamin combinations would be both

ethical and useful.

For the time being, women should

consider the daily use of a folic acid-

containing multivitamin supplement.

This, along with a healthy diet, is a ra-

tional approach to preventing birth de-

fects that is simple, inexpensive, and

consistent with (if not proven by) cur-

rent data.

For the time being, women

should consider the daily use

of a folic acid-containing

multivitamin supplement.

This, along with a healthy

diet, is a rational approach to

preventing birth defects that

is simple, inexpensive, and

consistent with (if not proven

by) current data.
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