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ABSTRACT

Objective To explore the role of folic acid supplements,

dietary folates, and multivitamins in the prevention of

facial clefts.

Design National population based case-control study.

Setting Infants born 1996-2001 in Norway.

Participants 377 infants with cleft lip with or without cleft

palate; 196 infants with cleft palate alone; 763 controls.

Main outcome measures Association of facial clefts with

maternal intake of folic acid supplements, multivitamins,

and folates in diet.

Results Folic acid supplementation during early

pregnancy (≥400 µg/day) was associated with a reduced

risk of isolated cleft lip with or without cleft palate after

adjustment for multivitamins, smoking, and other

potential confounding factors (adjusted odds ratio 0.61,

95% confidence interval 0.39 to 0.96). Independent of

supplements, diets rich in fruits, vegetables, and other

high folate containing foods reduced the risk somewhat

(adjusted odds ratio 0.75, 0.50 to 1.11). The lowest risk of

cleft lip was among women with folate rich diets who also

took folic acid supplements and multivitamins (0.36,

0.17 to 0.77). Folic acid provided no protection against

cleft palate alone (1.07, 0.56 to 2.03).

Conclusions Folic acid supplements during early

pregnancy seem to reduce the risk of isolated cleft lip (with

orwithout cleft palate) by about a third. Other vitamins and

dietary factors may provide additional benefit.

INTRODUCTION

The discovery that folic acid in early pregnancy
reduces the risk of neural tube defects is one of the
important public health advances of recent years.1

Even before folic acid deficiency had been linked to
neural tube defects, it was known to produce facial
clefts in rodents.2 However, studies of an association
with facial clefts in humans have provided inconsistent
results,3-8 and the question remains unresolved.9

This question is especially relevant in countrieswhere
fortification of foods with folic acid has not been
allowed. One of these is Norway, which has one of the
highest rates of facial clefts in Europe.10 We assessed
possible effects of folic acid on facial clefts in Norway
through a population based case-control study.

METHODS

Study design

Infants born inNorwaywith orofacial clefts are treated
at government expense in one of two surgical centres
(Oslo and Bergen). We contacted the families of all
newborn infants born from 1996 to 2001 who had
been referred for surgical treatment of a cleft (either
cleft lip with or without cleft palate or cleft palate
only). During the same years, we randomly selected
an average of four per thousand live births (identified
through the medical birth registry of Norway) as con-
trols. These babies served as controls for both case
groups, with a case:control ratio of about 1:2 for cleft
lip with or without cleft palate, and 1:4 for cleft palate
only. Mothers and fathers provided informed consent.

Data collection

Mothers completed two mailed questionnaires. The
main questionnaire collected data on demographic
characteristics; reproductive history; and smoking,
alcohol, drugs, and other exposures during early preg-
nancy. The median time from the baby′s delivery to
completion of the main questionnaire was 14 weeks
for cases and 15 weeks for controls (interquartile range
13-17 weeks).

After returning the main questionnaire, mothers
were sent a second questionnaire on nutrition. This
quantitative food frequency questionnaire was devel-
oped for the Norwegian diet and has been assessed for
accuracy, validity, and reliability among diverse
groups of Norwegian adults.11-13We adapted this ques-
tionnaire slightly for women of reproductive age and
asked women to recall their diet during the first three
months of pregnancy. Themain questionnaire and the
nutritional questionnaire are available online (dir.
niehs.nih.gov/direb/studies/ncl/question.htm).

We used three sources to identify non-cleft birth
defects among cases: the medical birth registry (based
on delivery records and hospital records during the
first week of life), medical records at the hospital
doing the corrective surgery, and the mothers′ ques-
tionnaire. For the analysis of “isolated clefts,” we
excluded cases with a non-cleft birth defect ascertained
from any of these sources.
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Intake of folic acid supplements
For each of the six months preceding pregnancy and
each of the first three months of pregnancy, mothers
were asked whether they took folic acid supplements
and, if so, the specific product name. We contacted
women who reported taking folic acid and asked them
to sendanemptypill bottleor label to the studyoffice, so
that staff could confirm the contents and dosage.
To be consistent with previous clefts studies,7 8 we

defined a three month exposure window for folate
intake comprising the month before the last menstrual
period and the first two months of pregnancy. (Facial
structures that form the embryonic lip fuse during the
fifth and sixth weeks of life, about eight weeks after the
last menstrual period, whereas the palatal shelves fuse
during weeks seven to 10.14) We counted women as
exposed if they took folic acid for at least one month
during this window; 81% of exposed women took folic
acid for at least two of the three months.
Women who reported using folic acid supplements

were asked in which specific months they took them
and how often they took them. Among women who
reported taking folic acid,wewere able to confirm intake
for 99% by using the product name or pill bottle label.
Specific dosewas unavailable for 19%ofwomen tak-

ing folic acid. We imputed missing doses as follows.
Before 1999, folic acid supplements of 400 µg were
unavailable in Norway except by prescription. Nor-
way changed this policy in 1998,15 and 400 µg prepara-
tions became available over the counter. This change
was reflected in our data:most women taking folic acid
before 1999 were taking less than 400 µg, while 85% of
women taking folic acid after 1998 took 400 µg or
more. Accordingly, when dose was missing, we
imputed 100 µg up to 1998 and 400 µg thereafter.
Women were asked similar questions about multivi-

tamins; we again collected brand names, empty bot-
tles, and labels for documentation. Fifty six per cent
of multivitamins contained folic acid. Among those
with known dose of folic acid, 70% provided 100 µg
or less (median 100 µg). For women who took multi-
vitamins containing folic acid at an unknown dose, we
imputed 100 µg.
We estimated each woman′s total folic acid intake

from folic acid supplements and multivitamins based
on the folic acid dosage (known or imputed) and the
frequency of intake. The standard recommendation in
Norway (as elsewhere) is 400 µg folic acid a day in the
periconceptional period.15 Fifty five per cent of women
who took folic acid supplements got an average of 400-
500 µg folic acid a day; only 12% got higher doses.
Accordingly, we categorised perinatal folic acid intake
into three groups: none, less than the current recom-
mended daily dose (1-399 µg), and the recommended
daily dose (≥400 µg). For dichotomous analyses, we
assessed folic acid as <400 µg or ≥400 µg a day, con-
sistent with previous studies.3 7

Intake of dietary folates
We estimated dietary folate intake by applying official
Norwegian food composition tables to mothers′

responses on the food frequency questionnaire, with
adjustments for the usualmethods of food preparation.
We categorised dietary folate a priori into quarters on
the basis of the folate distribution among controls.

RESULTS

Participants

Among the nearly 300 000 women who delivered in
Norway during the time of our study (1996-2001),
676mothers had a baby with an orofacial cleft referred
for corrective surgery. We excluded 24 mothers who
did not speak Norwegian or whose baby died after
birth, leaving 652 eligible case mothers. Of these,
88% (573) agreed to participate (377 with cleft lip
with or without cleft palate and 196 with cleft palate
only). We randomly selected 1022 live births within
six weeks of delivery to serve as controls. After we
excluded 16 mothers who were not Norwegian speak-
ers or whose baby died, 1006 control mothers were
eligible, of whom 76% (763) agreed to participate.
More than 95% ofmothers weremarried or living as

if married.Meanmaternal age was 29 years, and about
40% of mothers delivered for the first time. Ten per
cent of control mothers took ≥400 µg folic acid supple-
ments as well as multivitamins in early pregnancy, 9%
took folic acid alone, and 26% took multivitamins
alone. Among the cases, 17% of babies with cleft lip
with or without cleft palate also had some other birth
defect, and 40% of those with cleft palate only had
accompanying defects (table 1).

Folic acid supplement

Table 2 shows odds ratios for clefts with folic acid sup-
plements. The crude odds ratio with folic acid of
≥400 µg/day was 0.66 (95% confidence interval 0.47
to 0.95) for cleft lip with or without cleft palate and
0.81 (0.53 to 1.26) for cleft palate only. Associations
were present only among the cases with isolated clefts
(that is, those with no other birth defects; data not
shown). We therefore restricted subsequent analyses
to the isolated clefts. Adjustment for potential con-
founding factors (diet and multivitamins, mother′s
education, mother′s employment during early preg-
nancy, smoking, alcohol consumption, and year of
baby′s birth) slightly weakened the association
between folic acid and cleft lip with or without cleft
palate and removed the association entirely for cleft
palate only. Lacking any evidence of an effect of folic
acid on cleft palate only (odds ratio 1.07, 0.56 to 2.03),
we focused the remainder of the analysis on cleft lip
with or without cleft palate.
We explored additional adjustments for parity, age

of mother and father, marital status, and measures of
family income, all of which produced little or no
change in estimates. Results were also unchanged
after exclusion of women with imputed values for
folic acid.
None of the analyses, either crude or adjusted, sug-

gested any association of low dose folic acid (<400 µg/
day) with clefting. In the dichotomous analysis of folic
acid (<400 µg/day v ≥400 µg/day), the adjusted
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relative risk for isolated cleft lip with or without cleft
palate was 0.61 (0.39 to 0.96).

Dietary folates

The estimated median intake of dietary folates
(adjusted for usual method of cooking) was 205 (inter-
quartile range 160-260) µg/day. Dietary folate intake
across quarters was moderately associated with the
crude risk of cleft lip with or without cleft palate (P
for trend=0.03) (table 3). The relative risk for women
above themedian comparedwith those belowwas 0.78
(0.61 to 1.01). Adjustment for covariatesweakened this
risk slightly (0.80, 0.60 to 1.08).

Multivitamins

Intake of multivitamins around conception showed a
similarly modest association with reduced risk of cleft
lip with or without cleft palate (crude odds ratio 0.77,
0.57 to 1.03). Adjustment for covariates (including folic
acid) againproducedminimal change (0.75,0.50 to1.11).

Combining three sources of folic acid and vitamins

The figure showsadjustedodds ratios for eight groupsof
mothers, categorised by whether the mothers were
above or below the median for dietary folate, whether
they were takingmultivitamins around conception (yes
or no), and whether they were taking ≥400 µg folic acid
around conception (yes orno).Womenwith lowermea-
sures in all three categories are the reference group. The
groups at lowest risk were those who took ≥400 µg of
folic acid in combination with multivitamins or good
diet. The estimated relative risk among women with
all three (≥400 µg folic acid plus multivitamins and
healthy diet) was 0.36 (0.17 to 0.77).

DISCUSSION

We found evidence that folic acid supplementation of
400 µg or more a day reduces the risk of isolated cleft
lipwith orwithout cleft palate by a third,with no appar-
ent effect on the risk of cleft palate alone. Separate find-
ings for the two types of orofacial clefts are consistent
with embryological and epidemiological data that
show distinct causal mechanisms for these two types of
defects.16 Multivitamins and a diet rich in vegetables
and fruits may also be protective for cleft lip with or
without cleft palate, although these effects (if real) are
weaker. The fact that perinatal multivitamins and folic
acid supplements were often taken separately in Nor-
way allowed us to distinguish the association of cleft lip
with or without cleft palate with folic acid from the
weaker association with multivitamins alone – a dis-
tinction not possible in earlier studies.

Strengths and weaknesses

Study design –Cases were drawn from a large and well
defined population, with virtually complete ascertain-
ment, a high participation rate (88%), and clinical con-
firmation of all defects. Although the participation rate
was lower for controls (76%), the controls had the
advantage of being drawn randomly from the entire

population of births. Our study was designed to test
the folate hypothesis. Women were contacted as soon
as possible after delivery to reduce the recall interval.
We cannot reconstruct the mothers′ complete expo-
sure history retrospectively, but the collection of
brands, bottles, and labels allowed us to correct some
errors in self report.

Data quality – Folic acid is a synthetic folate dis-
pensed inwell calibrateddoses.Althougherror inmea-
surement inevitably occurs (for example, owing to
missing data or errors in reported frequency of intake),
folic acid is estimated more reliably than dietary
folates. Nutritional assessment is notoriously inexact.
In addition, our measure of dietary folate (based on
recalled intake of fruit and vegetables) probably

Table 1 | Demographic andother characteristicsofmothers and

children, cases and controls, Norway1996-2001. Values are

numbers (percentages)

Cases Controls
(n=763)Cleft lip ± cleft

palate (n=377)
Cleft palate
only (n=196)

Mothers

Age (years):

<20 8 (2) 6 (3) 12 (1)

20-29 199 (53) 105 (54) 408 (54)

30-39 165 (44) 81 (41) 328 (43)

≥40 5 (1) 4 (2) 15 (2)

Education less
than high school

70 (19) 23 (12) 87 (11)

Employment in
early pregnancy

297 (79) 158 (81) 646 (85)

Folic acid supplement*:

None 240 (64) 119 (61) 453 (59)

1-399 µg 86 (23) 46 (23) 165 (22)

≥400 µg 51 (14) 31 (16) 145 (19)

Dietary folate, µg (quarters)

0-171 111 (31) 62 (33) 176 (25)

172-214 88 (25) 44 (23) 177 (25)

215-264 81 (23) 36 (19) 177 (25)

≥265 74 (21) 46 (25) 174 (25)

Multivitamins* 123 (33) 71 (36) 279 (37)

Cigarette smoking†:

No exposure 152 (40) 92 (47) 414 (54)

Passive only 58 (15) 32 (16) 106 (14)

Active, 1-5 93 (25) 36 (18) 142 (19)

Active, 6-10 49 (13) 31 (16) 73 (10)

Active, ≥11 25 (7) 5 (3) 28 (4)

Alcoholic beverages‡:

0 230 (61) 120 (61) 527 (69)

1-3 70 (19) 37 (19) 123 (16)

4-6 26 (7) 17 (9) 40 (5)

≥7 45 (12) 22 (11) 68 (9)

Missing 6 (2) 0 5 (1)

Infants

Other birth
defects

63 (17) 78 (40) 38 (5)

*Any intake of folic acid supplements (either alone or with multivitamins)

during month before pregnancy and first two months of pregnancy.

†Number of cigarettes per day.

‡Total number of drinks during the first three months of the pregnancy.
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captures many aspects of good nutrition, and the
observed association with dietary folate could reflect
the effects of other vitamins in addition to folates.

Bias –As in all case-control studies, recall bias is a
concern. We sent the main questionnaire to women
around three months after delivery, much earlier
than in many previous studies. Concerns about recall
bias were further reduced by the specificity of the find-
ings. In our data, the association with folic acid was
strong for cleft lip with or without cleft palate but
absent for cleft palate only. This is consistent with pre-
vious positive studies, which have found associations
more often with cleft lip with or without cleft palate
than with cleft palate only.3 6 7 Also, recall bias would
presumably operate among all women who took folic
acid, not only thosewho took thehigher doses.The fact
that folic acid less than 400 µg a day showed no asso-
ciation with clefts suggests a lack of recall bias.

Confounding –Confounding is a general threat to
observational studies, particularly when the response
rate is higher among cases than among controls. Differ-
ential participation by social class or other confounding
characteristics could contribute to theobserved associa-
tions. However, adjustments for social factors, alcohol,
smoking, and other potential confounding variables
had little impact on the estimates. This weak evidence
for confounding in the analysis reduces the likelihood

of residual confounding by these or other closely
related factors. We cannot rule out the presence of
unmeasured confounders, although such confounders
would have to be strongly related to cleft lip with or
without cleft palate in order to produce the observed
results.

Comparisons with previous human studies

Previous evidence from epidemiological studies of
folic acid and clefts has beenmixed.3-7 Some ambiguity
in previous studies may reflect the relatively weaker
association of folic acid with clefts compared with
neural tube defects. Furthermore, most of the earlier
clefts studies were not specifically designed to test the
folic acid hypothesis, few were able to distinguish
intake of folic acid from intake of multivitamins, and
none sought documentation of reported intake.
Recently, van Rooij and colleagues reported a protec-
tive effect on isolated cleft lip with or without cleft
palate with folic acid supplement alone,7 although
this study was limited by a small sample and a hapha-
zard set of controls. The plausibility of a specific role
for folic acid in preventing cleft lip is further supported
(albeit indirectly) by a study of pregnant women taking
drugs that can act as folic acid antagonists.17 An
increased risk of facial clefts was reported among the
prenatally exposed infants. No previous studies have
collected information on daily folic acid intake less
than 400 µg, and sowe are unable to compare our find-
ing of an apparent threshold effect with other studies.

Contribution of other vitamins

The finding that the relatively low levels of dietary
folates (which are less bioavailable than folic acid)
seemed to be weakly protective against cleft lip with

Table 2 | Crude and adjusted odds ratios (95% confidence intervals) for cleft lipwith andwithout

cleft palate and cleft palate only, for three categories of folic acid supplementation

Folic acid
supplement
(µg/day)

All cases: crude risk Isolated clefts

Crude risk Crude risk (restricted to
subset with complete data)

Adjusted risk*

Cleft lip with or without cleft palate

(n=377) (n=314) (n=287) (n=287)

0 1.0 1.0 1.0 1.0

1-399 0.98 (0.73 to 1.33) 0.97 (0.70 to 1.35) 0.97 (0.69 to 1.36) 1.17(0.75to1.84)

≥400 0.66 (0.47 to 0.95) 0.58 (0.39 to 0.86) 0.57 (0.38 to 0.85) 0.65(0.40to1.05)

Cleft palate only

(n=196) (n=118) (n=114) (n=114)

0 1.0 1.0 1.0 1.0

1-399 1.06 (0.72 to 1.56) 1.02 (0.63 to 1.66) 1.09 (.067 to 1.79) 0.98(0.51to1.90)

≥400 0.81 (0.53 to 1.26) 0.90 (0.54 to 1.52) 0.92 (0.55 to 1.57) 1.07(0.56to2.03)

*Adjusted for mother′s education (less than high school, high school or more), mother′s employment in early

pregnancy (yes or no), mother′s consumption of alcohol in early pregnancy (four categories), mother′s smoking

(ordinal linear, five categories: none; passive only; 1-5, 6-10, and ≥11 cigarettes a day), dietary folate

(continuous), periconceptional multivitamin use (yes or no), and year of birth.

Table 3 | Crude and adjusted odds ratios (95%confidence intervals) for isolated cleft lipwith or

without cleft palate associatedwith dietary folate

Dietary folate
(quarters)

All (354 cases; 704 controls): crude risk Subset with complete data (287 cases; 664
controls)

Crude risk Adjusted risk†

Q1 1.0 1.0 1.0

Q2 0.86 (0.59 to 1.26) 0.86 (0.59 to 1.26) 0.97 (0.65 to1.46)

Q3 0.71 (0.49 to 1.05) 0.70 (0.47 to 1.03) 0.75 (0.49 to1.14)

Q4 0.75 (0.51 to 1.11) 0.74 (0.50 to 1.09) 0.80 (0.52 to1.24)

P for trend 0.03 0.07 0.21

†Adjusted for variables as in table 2, plus periconceptional folic acid (less than 400, ≥400 µg/day) and
periconceptional multivitamin use (yes or no).
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Odds ratios for cleft lip with orwithout cleft palate inwomen

divided into eight categories according to their intakeof folic acid

(≥400 µg folic acid v all others), dietary folate (above or below the

median),andmultivitamins(yesorno).Numbersofwomenineach

category are shown beneath the figure
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or without cleft palate, even though we saw no evi-
dence for a protective effect of low dose folic acid sup-
plements (<400 µg/day), is curious. This suggests that
other nutritional factors correlated in diet with the
folates may have a role in preventing cleft lip with or
without cleft palate. Several observations support this
possibility. Multivitamins in the absence of folic acid
showed a weakly protective effect. Also, we saw a
stronger effect when dietary folate and multivitamins
were combined, even in the absence of folic acid sup-
plement (figure). The possibility of other nutritional
components in the causation of cleft lip with or without
cleft palate may help to explain why the population
distributions of cleft lip with or without cleft palate
and neural tube defects are not more similar; neural
tube defects are a category of birth defect strongly
and specifically associated with folates. The role of
unmeasured nutritional factors in combination with
folic acid deserves further investigation.2

Prevalence of birth defects and population attributable risk

This study provides a population based assessment of
the risk of clefting, with reasonable participation rates,
documented folic acid exposure, and clinically vali-
dated outcomes. The size of the actual effect in utero
is not estimable, given that unmeasured fetal losses
may distort this relation.18 Even so, our data provide
a basis for assessing the public health impact of folic
acid supplementation. Given the current levels of
folic acid supplementation in Norway, and the esti-
mated reduction in risk from folic acid, we estimate
that an additional 22% of isolated cases of cleft lip
with or without cleft palate could be averted if all preg-
nant women took ≥400 µg of folic acid a day.

An increase in intake of folic acid has occurred in
many developed nations through supplements and
(in some countries) through food fortification. If our
findings are correct, these increases in folic acid expo-
sure ought to produce reductions in the prevalence of
cleft lip with or without cleft palate at the population
level. Results have been mixed, with reductions
reported in some areas but not others.19-21 Reductions
in neural tube defects at the population level have also
been difficult to document,22 even though the benefits
of folic acid for neural tube defects have beenproved in
clinical trials.1 The inherent difficulties of detecting
population level changes in rare diseases may contri-
bute to this inconclusive evidence.

Conclusion

Intake of 400 µg a day or more of folic acid in the peri-
conceptional period seems to reduce the risk of iso-
lated cleft lip with or without cleft palate in Norway
by about a third. This apparent effect of folic acid is
relevant to ongoing discussions about food fortifica-
tion. If folic acid is able to prevent a major birth defect
in addition to neural tube defects, this benefit should be
included among the risks and benefits of fortifying
foods with folic acid, a matter of ongoing controversy
in many countries.23
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