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■ Summary Background Pericon-
ceptional folic acid supplementa-
tion is suggested to prevent orofa-
cial clefts (OFCs). Other B vitamins
however may be beneficial as well.
Aim of the study To investigate the
maternal periconceptional dietary
intake of thiamine, riboflavin,
niacin, pyridoxine and cobalamin
in association with the occurrence
of OFC. Methods Two hundred and
six mothers of a child with nonsyn-
dromic OFC and 203 control moth-
ers filled out a general question-
naire and a food frequency
questionnaire around 14 months
postpartum as a proxy for pericon-
ceptional intake. After exclusion of
known pregnant and lactating
mothers, those who reported to
have altered their diet compared to
the periconceptional period, and
mothers with incidental folic acid
supplement use periconceptionally,

data of 182 OFC mothers and 173
controls were analysed. After loga-
rithmic transformation, geometric
means (P5-P95) were calculated
and compared between the groups.
After subsequent adjustment for
energy, quintiles of dietary B vita-
min intake were created. Results
The periconceptional intake of thi-
amine, niacin and pyridoxine was
significantly lower in mothers of an
OFC child. A trend towards risk re-
duction for OFC with increasing
dietary intake was demonstrated
for thiamine (p = 0.04) and pyri-
doxine (p = 0.03). Risk reductions
were only demonstrated in women
using folic acid supplements peri-
conceptionally. Supplement users
tended to consume a diet richer in
B vitamins. Conclusions Pericon-
ceptional intake of thiamine, niacin
and pyridoxine seems to contribute
to the prevention of OFC.

■ Key words pyridoxine –
thiamine – niacin – cleft lip – cleft
palate
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Introduction

Orofacial clefts (OFCs) are common congenital abnorm-
alities in humans occurring in 1–2 per 1000 Caucasian
new-borns. Its prevalence varies with geographic re-
gion, ethnic background and socio-economic status [1,
2]. The majority of OFCs are isolated malformations.

The aetiology of nonsyndromic OFC is multifactorial, in
which both genetic and environmental aspects, such as
nutrition are involved. The pathogenesis of OFC though
still remains unravelled due to its complexity and het-
erogeneity [3, 4].

Evidence is accumulating that inadequate maternal
nutrition during pregnancy, in particular of vitamins,
could be a risk factor for the occurrence of congenital
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malformations [5]. Research on OFC has mainly been
focused on maternal use of multivitamin supplements
containing folic acid and several studies reported a pro-
tective effect on the occurrence and recurrence rate of
OFC [6–9].Recently,van Rooij et al.demonstrated a ben-
eficial effect for the periconceptional intake of a folic
acid supplement and/or folate intake on OFC risk [10].
Less is known about the association between OFC and
thiamine, riboflavin, niacin, pyridoxine and cobalamin
intake. Beneficial effects of these vitamins on facial de-
velopment are mainly derived from animal studies and
one case reported recurrent cleft lip and palate in sib-
lings of a patient with a malabsorption syndrome, of
which folic acid and riboflavin deficiency may be plau-
sible causative factors [11–16].

These B vitamins are involved in several metabolisms
that are important for normal DNA and RNA synthesis
and thus for normal development and growth.Thiamine
plays an important role in the carbohydrate and amino
acid metabolism [17, 18]. Riboflavin is involved in the
metabolisms of fat, carbohydrate, proteins and is an im-
portant cofactor in folate metabolism [19]. Niacin is es-
sential for the biosynthesis of pentose, steroids, red
blood cells, fatty acids and is involved in glycolysis, pro-
tein, carbohydrate and fat metabolism and DNA repair
[17, 18]. Furthermore, the metabolism of certain drugs
and toxicants is altered by niacin. Pyridoxine acts as a
cofactor in the metabolism of carbohydrates, lipids,
amino acids, glycogen and in the transsulphuration of
homocysteine to cysteine [17, 18]. It also regulates the
activity of hormones that bind to the nuclear receptor,
thereby influencing transcription and gene expression
[12]. The coenzyme cobalamin is important in
DNA/RNA, protein, fat, homocysteine and folate metab-
olism and as such is essential in central and peripheral
nervous system functioning [17, 18].

We postulate that cellular nutrient concentration, de-
termined in persons by food intake, affect the regulation
of developmental genes. Therefore, decreased intake of
B vitamins and the resulting increased homocysteine
concentrations interfere with the genetically controlled
development of the lip and palate. To investigate this hy-
pothesis, we studied the maternal dietary intake of thi-
amine, riboflavin, niacin, pyridoxine and cobalamin in
the periconceptional period and the risk for OFC off-
spring in humans.

Materials and methods

We performed a case-control study in the Netherlands in
the period 1998–2001 of which the design has been de-
scribed in detail by Van Rooij et al. [10]. Two hundred
and six mothers of a child with nonsyndromic OFC were
recruited in collaboration with the nine largest cleft
palate centres at around 14 months after the delivery of

the child. The control mothers were women with a non-
affected child of the same age, recruited in the popula-
tion domain of the case group, through acquaintances
from mothers of an OFC child (59 %) or nurseries and
infant welfare centres (41 %). Known pregnant and lac-
tating mothers as those mothers who altered their diet
compared to the periconceptional period were ex-
cluded. Incidental folic acid supplement users were also
excluded from our calculations through which 182 OFC
mothers and 172 control mothers revealed for analysis.
All mothers were Dutch Caucasians.The Medical Ethical
Committees of all participating hospitals approved the
study protocol and a written informed consent was ob-
tained from every participant.

All mothers filled out a general questionnaire from
which data such as age, education level, pregnancy nau-
sea, maternal periconceptional alcohol consumption,
smoking and the periconceptional use of vitamins were
extracted. From the mothers who visited the hospital for
the study, maternal length and weight was recorded.
Their body mass index was defined as weight divided by
the quadrate of the length. Educational level was cate-
gorised into low education (primary/lower vocational/
intermediate/intermediate vocational education) and
high education (higher secondary/higher vocational or
university education). Nausea was characterised by du-
ration, period, and seriousness. Because of the potential
influence on the diet, extreme nausea is defined as nau-
sea starting after the first week of pregnancy with ex-
cessive vomiting or nausea resulting in a changed or de-
creased food intake. Women were considered to be
drinking alcohol or smokers when any alcohol con-
sumption or smoking was reported in the periconcep-
tional period. Data on vitamin supplements comprised
the dosage, contents of the tablets (folic acid only or
multivitamins containing folic acid, thiamine, ri-
boflavin, niacin, pyridoxine and cobalamin), frequency
of intake and specification in which weeks the supple-
ments were taken before and during pregnancy. Peri-
conceptional use of vitamin supplements was defined as
daily intake from four weeks before through eight weeks
after conception.

Furthermore, all participants filled out a validated
Food Frequency Questionnaire (FFQ), developed for the
Dutch cohorts of the European Prospective Investiga-
tion into Cancer and Nutrition study (EPIC) which pro-
vided information on the dietary intake of the B vita-
mins, thiamine, riboflavin, niacin, pyridoxine and
cobalamin [20]. The FFQ was mailed to the subjects and
filled out at home. During a hospital visit scheduled for
this study or through a telephone interview we checked
the FFQ in a standard way for completeness and consis-
tency. The FFQ accounted for at least 90 % of the popu-
lation mean intake of food groups and nutrients of in-
terest. In the FFQ, subjects could indicate their answers
in frequency per day, per week, month, year or never. For
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several food items additional questions were asked
about the consumption frequency for different
subitems, preparation methods or additions. The
amount eaten was estimated in commonly used units,by
using household measures or coloured photographs of
foods showing different portion sizes. Average daily nu-
trient intake was estimated by multiplying the fre-
quency of consumption of the food items by the portion
size and the nutrient content per gram. Total energy in-
take and the intake of thiamine, riboflavin, niacin and
pyridoxine were calculated by using the 1993 Dutch
food-composition table; folate and cobalamin intake
was calculated using that of 2001 [21, 22]. A validation
study demonstrated that the reproducibility and validity
of foods groups predominantly contributing to the in-
take of B vitamins for this questionnaire were acceptable
and comparable to other FFQs [20, 23].We collected our
information on the dietary pattern around 14 months
after delivery, as Devine et al. demonstrated that this pe-
riod is adequate to reflect the dietary pattern of 24
months before, covering the periconceptional period of
the index child [24].Moreover the assumption of the val-
idity of the data is strengthened because the season in
which the periconceptional period took place and the
moment at which the FFQ was filled out was compara-
ble.

■ Statistics

Mothers of OFC children and controls were compared
with respect to age at delivery,age of the child at the time
of study and body mass index by using a Student’s T-
test. Differences in maternal education, frequency of ex-
treme nausea in the first trimester of pregnancy, lifestyle
factors in the periconceptional period such as alcohol
consumption, smoking and vitamin supplement use
were evaluated by chi-square tests.

As the distribution of the dietary intake of the B vit-
amins was skewed, we applied natural logarithmic
transformations and presented the dietary intakes of B
vitamins as geometric means (P5–P95). The differences
in B vitamin intake between the groups was evaluated by
a Student’s T-test. The association between maternal in-
take of B vitamins and the risk for OFC was assessed af-
ter adjustment for total energy intake [25]. The energy-
independent residuals of this analysis were standardised
to the predicted B vitamin intake at the average energy
intake (9186 KJ/day) in our population. Quintiles of the
dietary intake of thiamine, riboflavin,niacin,pyridoxine
and cobalamin were created based on the control group
in order to derive odds ratios for arbitrary dose cate-
gories. The risk for OFC was estimated using Odds Ra-
tios (ORs) and 95 % Confidence Intervals (CIs) for each
quintile of vitamin intake with the lowest quintile as a
reference in an unconditional logistic regression model.

Trends across the quintiles were evaluated, in which
quintiles were modelled as continuous variables.

As vitamin supplement use and especially folic acid
supplementation is suggested to reduce the occurrence
of midline defects such as neural tube defects and OFC,
we constructed a multivariate model with a term of
interaction of folic acid supplement use with dietary B
vitamin intake. Pearson coefficients of correlation were
computed to assess the correlations between the intake
of energy, thiamine, riboflavin, niacin, pyridoxine, folate
and cobalamin.

To investigate the adequacy of the dietary intake of
our population, comparisons were made with the Dutch
Recommended Daily Allowances of most recent date.
For all B vitamins, the RDA from 2000 was used, with the
exception of pyridoxine and cobalamin, which were
originating from 2003 [26, 27]. The RDA for energy was
extracted from 2001 [28]. The RDAs for non-pregnant
women in the reproductive age (19–50 years of age) were
used because we investigated the maternal dietary in-
take around 14 months after delivery and assumed that
the intake in this period is comparable to the pericon-
ceptional period as the need for specific nutrients is not
likely to be significantly raised that early in pregnancy.

Significance was defined as p ≤ 0.05.All analyses were
performed using SAS Statistical Analysis System version
6.12 (SAS institute Inc, Cary, NC).

Results

The characteristics of the study population presented in
Table 1 are comparable between the mothers of OFC
children and controls with the exception of the signifi-
cantly higher body mass index and significantly lower
educational level in mothers of OFC children compared
to controls. Control mothers tended to use more folic
acid supplements periconceptionally compared to OFC
mothers (p = 0.07).

The geometric mean dietary intake of energy and B
vitamins was lower in mothers of an OFC child com-
pared to control mothers, reaching significance for the
intake of energy, thiamine, niacin and pyridoxine
(Table 2). All dietary intakes conformed to the Recom-
mended Daily Allowances. Adjustment for energy re-
sulted in a non-significant difference for niacin, and a
tendency of a difference for thiamine and pyridoxine
(both p = 0.06) between the groups.

The dietary intake of thiamine and pyridoxine
demonstrated a trend towards a reduced risk for OFC
with increasing dietary intake (Table 3). This trend for
thiamine intake became apparent above a dietary intake
of 1.08 mg/d, reducing OFC risk by 21–64 %.A decreased
risk for OFC of 29–65 % became apparent for dietary
pyridoxine intake above 1.51 mg/d. Riboflavin, niacin
and cobalamin intake did not demonstrate significant
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risk reductions for the occurrence of OFC.A greater per-
centage of mothers of OFC children were present in the
lowest quintiles of dietary intake of all B vitamins. The
results did not significantly change after separate ad-
justment for maternal age, maternal education, extreme
nausea in the first trimester and folic acid supplement
use. Adjustment for dietary folate intake in quintiles did
not significantly affect the associations (Table 3).

Ten women used multivitamins containing B vita-
mins through which they will have higher B vitamin in-
takes than non-users. After classification of multivita-
min supplement users in the fifth quintile of dietary
intake, the association between B vitamins and OFC risk
was strengthened and the risk estimate of the highest
quintile of niacin intake became significant (OR (95 %
CI): 0.51 (0.27–0.98)). The dietary intakes of thiamine,
riboflavin, niacin, pyridoxine and cobalamin are posi-
tively correlated among each other and significant Pear-
son coefficients of correlation varied from 0.47 for the
intake of riboflavin and niacin to 0.86 for the intake of
thiamine and pyridoxine. After adjustment for energy,
these correlations decreased and varied from 0.14 for
the intake of pyridoxine and cobalamin to 0.68 for the
intake of thiamine and pyridoxine.

Thiamine, niacin and pyridoxine only exerted their
protective effects in periconceptional folic acid supple-

ment users (Table 4).Adjustment for maternal education
only marginally altered our results. Significant risk esti-
mates were observed in the highest quintile of dietary
niacin after adjustment for maternal education. After
adjustment for dietary folate intake, pyridoxine intake
and surprisingly the first quintile of niacin intake re-
mained beneficial factors in OFC risk reduction (data
not shown). Folic acid supplement users and non-users
were comparable with respect to demographic and
pregnancy characteristics. The overall B vitamins in-
takes tended to be lower in non-folic acid supplement
users (Table 5). Energy adjustment did not change the
conclusions.

Discussion

This study demonstrates that the periconceptional di-
etary intake of thiamine, niacin and pyridoxine was sig-
nificantly lower in mothers of an OFC child compared to
controls. A diet rich in thiamine and pyridoxine signifi-
cantly reduced the risk of an OFC child. The protective
effect of these B vitamins however could only be demon-
strated in periconceptional folic acid supplement users.

Due to the high correlations between the B vitamins,
the identification of one B vitamin with a predominant

OFC group Control group P-value
n = 182 n = 173

Maternal age at delivery in years, mean (SD) 31.0 (3.9) 31.5 (3.6) 0.22

Child age at time of study in months, mean (SD) 14.6 (2.8) 14.5 (4.7) 0.78

Maternal body mass index (kg/m2), mean (SD)1 25.2 (4.4) 23.7 (4.4) 0.04

Low maternal educational level, n (%)2 107 (59.1) 82 (47.4) 0.03

Extreme nausea in first trimester, n (%) 25 (13.7) 33 (19.1) 0.17

Alcohol consumption periconceptionally, n (%) 66 (36.3) 73 (42.2) 0.25

Cigarettes smoking periconceptionally, n (%) 57 (31.3) 43 (24.9) 0.18

Periconceptional use of, n (%)
Multivitamin supplements3 4 (2.2) 6 (3.5) 0.47
Folic acid supplements3 61 (33.5) 74 (42.8) 0.07

1 Determined on 83 OFC and 81 control mothers visiting the hospital for this study
2 Low education: primary/lower vocational/intermediate secondary/intermediate vocational education
3 Daily use from four weeks before until eight weeks after conception

Table 1 Characteristics of mothers and their chil-
dren with orofacial clefts (OFCs) and control mothers
and their children.

Dietary RDA Mothers of OFC children Control mothers P-value
intake of

Geom. mean (P5–P95) Geom. mean (P5–P95)

Energy (kJ/d) 10000 8331 (5865–12330) 9190 (6359–12708) 0.04

Thiamine (mg/d) 1.1 1.05 (0.69–1.50) 1.12 (0.71–1.62) 0.007

Riboflavin (mg/d) 1.1 1.55 (0.79–2.63) 1.66 (1.02–2.74) 0.07

Niacin (mg/d) 13.0 16.1 (9.8–23.5) 17.1 (11.0–23.9) 0.01

Pyridoxine (mg/d) 1.5 1.58 (1.10–2.27) 1.68 (1.16–2.36) 0.007

Cobalamin (µg/d) 2.8 5.12 (2.49–9.12) 5.37 (2.85–8.49) 0.24

RDA Recommended daily allowances [26.27]

Table 2 Periconceptional dietary intake of B vita-
mins and energy for mothers of orofacial cleft (OFC)
children and control mothers
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role in the pathogenesis of OFC is not feasible. The dif-
ferent B vitamins are often simultaneously present in
several products, making it difficult to distinguish a sep-
arate effect of one B vitamin. In addition, the FFQ may
lack power to adequately differentiate between B vita-
mins.Intervention studies with different B vitamins sep-
arately and a study in populations where the dietary in-
take of B vitamins is less correlated could help elucidate
this issue. Furthermore, the question remains whether
the adjustment for dietary folate intake or other B vita-
mins is appropriate as foods are always highly correlated
and a great variety of errors and contradictory results
may emerge from multivariate analyses [29].

The protective effect of thiamine, niacin and pyri-

doxine could only be demonstrated in the group of
women using folic acid supplements.Although it is most
probable that the periconceptional use of these supple-
ments is of major importance in the prevention of OFC,
its use and the dietary intake of thiamine, niacin and
pyridoxine could also be a reflection of a healthier
lifestyle and thus of a more adequate nutrition as main
dietary sources of B vitamins are products such as
bread, fruits, vegetables, grains, fish and meat. Folic acid
supplement users did differ from non-users in diet com-
position as they reported higher dietary intakes of en-
ergy and of all investigated B vitamins. None of these
differences reached significance though,which could re-
sult from our assessment of folic acid supplement use in
our study, being restricted to the daily use of these sup-
plements from four weeks before until eight weeks after
conception. This could have underestimated the actual
number of women using nutritional supplements in this
period.

We speculate that a misbalance between the intake of
macronutrients and the micronutrients thiamine,niacin
and pyridoxine contributes to OFC risk. Our western
diet is known to be rich in macronutrients such as fat
and proteins and relatively poor in micronutrients such
as vitamins.Thiamine,niacin and pyridoxine are known
to be essential for the metabolic breakdown of proteins,
fats and carbohydrates for energy supply to the cells. A
diet rich in these macronutrients and relatively poor in
micronutrients could possibly adversely affect the de-
velopment of the lip and/or palate.

The use of a FFQ in dietary assessment is subject to
errors as it gives a relative rather than an absolute re-
flection of the actual daily intake. Possible lower coeffi-
cients of correlation between the FFQ and the actual di-
etary intake of certain nutrients could lead to
misclassification or over- or underestimation of our risk
estimates. Measurement errors due to the FFQ could
also be the explanation for the significant OFC risk re-
ductions in the fourth quintile of dietary thiamine and
pyridoxine intake rather than the expected highest one.
Furthermore, it was remarkable that all median dietary
B vitamin intakes conformed to RDA values. Our results
can be extrapolated to the Dietary Reference Intakes
used in the US as similar conclusions could be drawn af-
ter these comparisons [30]. These results should be in-
terpreted with care though as the FFQ has been devel-
oped to categorise individuals in levels of low or high
dietary intake respectively and is less suitable for com-
parisons to absolute values. Nevertheless, our FFQ has
been described to be acceptable and comparable to
other FFQs as the validity of foods contributing to B
vitamin intake was considered generally to be good [20,
23]. This finding was supported by reports of Melse et al.
demonstrating a positive association between the di-
etary intake of folate recorded by the same FFQ and
plasma folate levels [31].

Table 3 Periconceptional maternal dietary intake of B vitamins in association
with orofacial cleft (OFC) risk in offspring

Dietary intake1 of OFC/Controls OR (95 % CI) OR (95 %CI)2

n/n

Thiamine (mg/d)
0.58–0.96 47/35 1.0 (ref) 1.0 (ref)
0.96–1.08 54/35 1.15 (0.62–2.12) 1.21 (0.65–2.27)
1.08–1.16 28/34 0.61 (0.32–1.19) 0.69 (0.34–1.39)
1.16–1.25 17/35 0.36 (0.18–0.75) 0.42 (0.19–0.91)
1.25–1.53 36/34 0.79 (0.42–1.50) 0.93 (0.45–1.90)
P for trend 0.04 0.21

Riboflavin (mg/d)
0.54–1.34 42/35 1.0 (ref) 1.0 (ref)
1.36–1.56 41/35 0.98 (0.52–1.84) 1.05 (0.55–2.00)
1.56–1.73 22/34 0.54 (0.27–1.09) 0.60 (0.29–1.22)
1.73–1.90 26/35 0.62 (0.31–1.22) 0.72 (0.36–1.46)
1.90–3.41 51/34 1.25 (0.67–2.33) 1.53 (0.79–2.96)
P for trend 0.86 0.39

Niacin (mg/d)
8.4–14.9 48/35 1.0 (ref) 1.0 (ref)

14.9–16.4 38/35 0.79 (0.42–1.49) 0.77 (0.40–1.45)
16.5–17.6 31/34 0.67 (0.35–1.28) 0.69 (0.36–1.34)
17.6–19.6 38/35 0.79 (0.42–1.49) 0.85 (0.45–1.62)
19.6–25.9 27/34 0.58 (0.30–1.13) 0.65 (0.33–1.29)

P for trend 0.15 0.32

Pyridoxine (mg/d)
1.07–1.51 55/35 1.0 (ref) 1.0 (ref)
1.51–1.62 39/35 0.71 (0.38–1.32) 0.76 (0.39–1.48)
1.62–1.72 36/34 0.67 (0.36–1.27) 0.74 (0.37–1.45)
1.72–1.84 19/35 0.35 (0.17–0.70) 0.39 (0.18–0.83)
1.84–2.42 33/34 0.62 (0.33–1.17) 0.74 (0.35–1.54)
P for trend 0.03 0.16

Cobalamin (µg/d)
2.20–4.13 33/35 1.0 (ref) 1.0 (ref)
4.14–4.92 28/35 0.85 (0.43–1.69) 0.88 (0.44–1.76)
4.92–5.53 40/34 1.25 (0.65–2.41) 1.30 (0.66–2.54)
5.53–6.24 35/35 1.06 (0.54–2.07) 1.18 (0.60–2.35)
6.27–42.92 46/34 1.44 (0.75–2.75) 1.79 (0.90–3.56)
P for trend 0.20 0.06

1 energy-adjusted dietary intake per quintile
2 adjustment for dietary folate in quintiles
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Maternal education, considered as a proxy for socio-
economic status, was significantly lower in mothers of
OFC children compared to controls. Studies on dietary

intake assessment have demonstrated that a lower edu-
cation is more subject to underreporting of energy in
comparison to people with a higher educational back-

Supplement users N = 135 Non-supplement users N = 220

Dietary intake of1 OFC/ OR (95 % CI) Dietary intake of1 OFC/ OR (95 % CI)
Controls Controls
n/n n/n

Thiamine (mg/d)
0.58–0.96 13/11 1.0 (ref) 0.72–0.96 34/24 1.0 (ref)
0.96–1.08 25/13 1.63 (0.57–4.63) 0.97–1.08 29/22 0.93 (0.43–1.99)
1.09–1.16 10/14 0.60 (0.19–1.89) 1.08–1.16 18/20 0.64 (0.28–1.45)
1.17–1.25 3/15 0.17 (0.04–0.74) 1.16–1.25 14/20 0.49 (0.21–1.17)
1.25–1.53 10/21 0.40 (0.13–1.21) 1.25–1.51 26/13 1.41 (0.61–3.29)
P for trend 0.003 0.94

Riboflavin (mg/d)
0.76–1.33 13/16 1.0 (ref) 1.19–1.33 29/19 1.0 (ref)
1.38–1.55 12/12 1.23 (0.42–3.64) 1.36–1.56 29/23 0.83 (0.37–1.83)
1.56–1.73 8/14 0.70 (0.23–2.19) 1.56–1.73 14/20 0.46 (0.19–1.12)
1.75–1.90 10/16 0.77 (0.26–2.26) 1.73–1.89 16/19 0.55 (0.23–1.33)
1.91–3.36 18/16 1.39 (0.51–3.74) 1.90–3.41 33/18 1.20 (0.53–2.71)
P for trend 0.76 0.92

Niacin (mg/d)
9.6–14.8 19/11 1.0 (ref) 8.4–14.9 29/24 1.0 (ref)

14.9–16.4 10/17 0.34 (0.12–1.00) 14.9–16.4 28/18 1.29 (0.58–2.87)
16.5–17.6 12/13 0.53 (0.18–1.57) 16.5–17.6 19/21 0.75 (0.33–1.71)
17.8–19.5 10/13 0.45 (0.15–1.35) 17.6–19.6 28/22 1.05 (0.48–2.29)
19.6–25.9 10/20 0.29 (0.10–0.84) 19.6–25.1 17/14 1.00 (0.41–2.45)
P for trend 0.058 0.85

Pyridoxine (mg/d)
1.07–1.51 22/12 1.0 (ref) 1.12–1.51 33/23 1.0 (ref)
1.52–1.61 14/11 0.69 (0.24–1.99) 1.52–1.62 25/24 0.73 (0.34–1.57)
1.62–1.72 9/10 0.49 (0.16–1.54) 1.62–1.72 27/24 0.78 (0.37–1.69)
1.72–1.84 7/19 0.20 (0.07–0.61) 1.72–1.84 12/16 0.52 (0.21–1.31)
1.84–2.42 9/22 0.22 (0.08–0.64) 1.84–2.33 24/12 1.39 (0.58–3.34)
P for trend 0.0006 0.80

Cobalamin (µg/d)
2.68–4.08 10/12 1.0 (ref) 2.20–4.13 23/23 1.0 (ref)
4.14–4.91 9/16 0.68 (0.21–2.18) 4.16–4.92 19/19 1.00 (0.42–2.36)
4.92–5.51 16/15 1.28 (0.43–3.83) 4.92–5.53 24/19 1.26 (0.55–2.91)
5.53–6.24 10/18 0.67 (0.21–2.09) 5.53–6.21 25/17 1.47 (0.63–3.42)
6.38–10.93 16/13 1.48 (0.49–4.49) 6.27–42.92 30/21 1.43 (0.64–3.19)

0.50 0.25

1 Energy adjusted dietary intake per quintile

Table 4 Periconceptional maternal dietary intake
of B vitamins in association with orofacial cleft (OFC)
risk in offspring by folic acid supplement use

Supplement users n = 135 Non-supplement users n = 220 P-value

Geom. mean (P5–P95) Geom. mean (P5–P95)

Energy (kJ) 9029 (5731–12749) 8921 (5908–12574) 0.62

Thiamine (mg) 1.11 (0.71–1.59) 1.07 (0.69–1.54) 0.18

Riboflavin (mg) 1.63 (0.88–2.62) 1.59 (0.83–2.74) 0.44

Niacin (mg) 17.0 (10.8–24.2) 16.3 (9.9–23.5) 0.14

Pyridoxine (mg) 1.66 (1.09–2.32) 1.61 (1.12–2.38) 0.21

Cobalamin (µg) 5.35 (2.71–9.08) 5.17 (2.61–8.62) 0.39

Table 5 Dietary energy and B vitamin intake for
mothers of orofacial cleft (OFC) children and control
mothers by periconceptional folic acid supplement
use
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ground [32]. This would overestimate our results.A pos-
sible selection of controls is not expected to have dis-
torted our findings since underreporting is minimised
by adjustment for energy and the ORs only changed
marginally after adjustment of maternal education. In-
formation bias is unlikely to have occurred, as none of
the participants knew in advance that the study focussed
on B vitamins.

In conclusion, this study demonstrates a lower intake
of energy and B vitamins in mothers with OFC children
compared to controls and suggests that a periconcep-
tional diet rich in thiamine, niacin, pyridoxine is impor-
tant in reducing OFC risk.
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