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Strengths and limitations of this study

 ► This study involved a dataset from a nationwide, 
birth cohort study.

 ► The data on maternal intake of multivitamin supple-
ments and other drugs were based on interviews.

 ► We did not investigate the types of multivitamin sup-
plements used, and therefore, the components and 
doses were unknown.

 ► The study outcome was the diagnosed occurrence 
of cleft lip (CL), cleft palate (CP) or CL with CP, which 
were evaluated within 1 month after birth by two 
paediatricians.

AbStrACt
Objectives Orofacial clefts are common birth defects 
with a lack of strong evidence regarding their association 
with maternal nutrition. We aimed to determine whether 
a relationship exists between maternal nutrient or 
multivitamin intake and orofacial clefts.
Design This is a prospective, population- based 
nationwide cohort study.
Setting The study was conducted in 15 regional centres, 
consisting of local administrative units and study areas.
Participants A total of 98 787 eligible mother–child 
pairs of the Japan Environment and Children’s Study were 
included.
Intervention Exposures were maternal nutrition and the 
use of supplemental multivitamins in mothers.
Primary and secondary outcome measures Outcomes 
were the occurrence of any orofacial cleft at birth. 
Multinomial logistic regression analyses were used to 
evaluate the association between maternal multivitamin 
intake and the incidence of orofacial clefts.
results Of the 98 787 children, 69 (0.07%) were 
diagnosed with cleft lip alone, 113 (0.11%) were 
diagnosed with cleft lip and palate, and 52 (0.05%) were 
diagnosed with cleft palate within 1 month after birth. 
Regarding the total orofacial cleft outcome, statistically 
significant point estimates of relative risk ratios (RR) were 
determined for multivitamin intake before pregnancy 
(RR=1.71; 95% CI 1.06 to 2.77) and during the first 
trimester (RR=2.00; 95% CI 1.18 to 3.37), but the 
association was not significant for multivitamin intake 
after the first trimester (RR=1.34; 95% CI 0.59 to 3.01). 
Maternal micronutrient intake via food was not associated 
with the incidence of orofacial clefts in offspring.
Conclusions Intake of multivitamin supplements 
shortly before conception or during the first trimester of 
pregnancy was found to be associated with an increased 
incidence of orofacial clefts at birth. Pregnant women and 
those intending to become pregnant should be advised of 
the potential risks of multivitamin supplementation.

IntrODuCtIOn
Cleft lip (CL) and cleft palate (CP) are 
common birth defects, with a prevalence of 
approximately 1.7 per 1000 liveborn infants.1 
In the USA, the estimated prevalence rates of 

CL alone, CL with CP and CP alone were 3.1, 
5.6 and 5.9 per 10 000 live births, respectively.2 
In contrast, the prevalence of CL with or 
without CP in Japan is 20.0 per 10 000 births, 
which is approximately twice that reported 
in the USA, Canada and Australia.3 Further-
more, even greater geographical variations of 
10- fold to 20- fold have been reported for the 
prevalence of CP at birth,1 although much of 
this variation is likely attributable to the diffi-
culty in diagnosing some forms of CP in the 
immediate postnatal period.

Antiepileptic drugs,4 5 maternal smoking or 
secondhand smoke,6 and alcohol intake7 have 
been reported to increase the risk of orofa-
cial clefts. Although folic acid is believed to 
have a preventive role against orofacial clefts, 
existing evidence remains generally inconsis-
tent.8 9 A greater periconceptional maternal 
intake of nutrients predominantly from fruits 
and vegetables may help reduce the risk of 
orofacial clefts in the offspring,10 whereas a 
western dietary pattern may increase the risk 
of such defects.11 However, few epidemiolog-
ical studies have demonstrated an association 
between maternal nutrition and orofacial 
clefts in human offspring; additional evidence 
from large cohort studies is needed.
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Our study aimed to examine the relationship between 
maternal nutrition and CL alone, CP alone and CL with 
CP, with a focus on micronutrient and supplement intake 
in a Japanese, nationwide cohort.

MethODOlOgy
In January 2011, the Japanese Ministry of the Environment 
launched a large- scale epidemiological research project 
termed the Japan Environment and Children’s Study 
(JECS). The JECS is an ongoing, nationwide prospective 
birth cohort study that aimed to recruit approximately 
100 000 pregnant women and their offspring; the recruit-
ment period started in January 2011 and lasted until March 
2014. The JECS has 15 regional centres (Hokkaido, Miyagi, 
Fukushima, Chiba, Kanagawa, Koshin, Toyama, Aichi, 
Kyoto, Osaka, Hyogo, Tottori, Kochi, Fukuoka and South 
Kyushu Okinawa). Each regional centre determined its own 
study area, consisting of one or more local administrative 
units (cities, towns or villages). The recruitment of preg-
nant women was community- based at the time of the first 
prenatal examination at cooperating healthcare providers 
(ie, obstetric facilities) or at local government offices 
issuing pregnancy journals.12 JECS aimed to cover half of 
all the births in the area, and the child coverage was approx-
imately 45% in 2013. As a result, JECS covered around 3% 
of Japanese newborns in 2013, and could be comparable 
with those obtained in the national survey.13 The detailed 
study profile of the JECS has been reported elsewhere.12 13

Biological samples and data are collected from the 
offspring of enrolled mothers from birth to the age of 13 
years. Physicians, midwives/nurses and/or research coor-
dinators collect relevant information (medical history 
including gravidity and related complications, parity, 
maternal anthropometry and infant physical examinations) 
from medical records. For this study, we used the JECS data-
sets jecs- ag-20160424 and jecs- ag-20160424- sp1, which were 
released in June 2016 and revised in October 2016. Written 
informed consent was obtained from all participants.

Maternal nutrition was assessed using a semiquantitative 
food frequency questionnaire (FFQ) in the first trimester 
(FFQ_MT1). The questionnaire included a list of foods 
commonly consumed in Japan, as well as information on 
standard portion sizes.14 Participants were asked to report 
the daily, weekly or monthly frequencies of consumption 
and portion sizes of fermented foods. Using answers from 
the FFQ, the daily intakes of nutrients were assessed for 
retinol (μg), vitamin D (μg), α-tocopherol (mg), vitamin 
K (μg), vitamin B1 (mg), vitamin B2 (mg), niacin (mg), 
vitamin B6 (mg), vitamin B12 (μg), folic acid (μg), panto-
thenic acid (mg), vitamin C (mg), ω-3 unsaturated fatty 
acids (g), ω-6 unsaturated fatty acids (g) and biotin (μg). 
The maternal intake of supplements was assessed by using 
answers given in interviews regarding the use of drugs and 
supplements (InT1 (T1 means first trimester) and InT2 (T2 
means in the second or third trimester)). Drug and supple-
ment consumption were queried for three periods: before 

pregnancy confirmation, from the start of pregnancy up to 
week 12 (first trimester) and after week 12.

The study outcome was the diagnosed occurrence of CL, 
CP or CL with CP. These orofacial birth defects were evalu-
ated within 1 month after birth by unit centres of the JECS 
across Japan by two paediatricians. Maternal age, body mass 
index at pregnancy, smoking status, alcohol intake, preges-
tational diabetes, retinol intake based on FFQ, maternal 
education, folic acid intake during pregnancy, antirheu-
matic, antiepileptic or psychotropic drug intake during 
pregnancy, and children’s sex were included as covariates 
potentially associated with orofacial clefts. Other vari-
ables, such as pregnancy history, marital status, job status 
of mothers, education of mothers and household income, 
were included for baseline analyses.

Prior to the main analysis, the association between 
maternal nutrient/supplement intake and CL, CP or CL 
with CP was explored; this preanalysis evaluation aimed 
to address a large number of considered nutrients. Inter-
group comparisons for the occurrence of orofacial clefts 
were performed using the Kruskal- Wallis tests or the χ2 
tests. Subsequently, multivitamin intake and outcomes 
were analysed in the main analysis. Baseline characteristics 
potentially associated with maternal supplement intake, the 
mother’s age at pregnancy, marital status, job status, educa-
tion and household income were assessed.

In the main analysis, multinomial logistic regression 
models were used to estimate the relative risk ratios (RRs) 
and 95% CIs; the RRs and CIs were used to characterise the 
associations between maternal multivitamin supplement 
intake and orofacial cleft diagnoses (CL, CP or CL with CP, 
respectively) at birth or 1 month after birth, and further 
analysed after adjusting for the abovementioned covariates. 
Multiple imputations were performed for missing values 
by chained equation (MICE) procedures. For sensitivity 
analyses, we evaluated a model in which missing values 
were imputed by Markov chain Monte Carlo (MCMC) 
procedures because some bias might have remained in the 
MICE simulation model.15 All p values were two- sided, and 
a p value of <0.05 was considered statistically significant. All 
statistical analyses were performed using STATA V.13.0 soft-
ware (Stata Corp LP, College Station, Texas, USA).

Patient and public involvement
No cohort members were involved in setting the research 
question or outcome measures or in developing plans for 
the design or implementation of the study. No patients 
were involved in the interpretation or writing of results. 
There are no specific plans to disseminate the results of 
the research to cohort members, but dissemination to the 
general public will be undertaken by presentations and 
press releases.

reSultS
The JECS included fetal records of 104 102 children. 
Live birth information was available for 100 148 (96.2%) 
infants whose mothers did not withdraw their consent 
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Figure 1 Flowchart of subject selection.

to participate in the JECS. After excluding children 
whose mothers reported no nutritional data, 98 787 
(94.9%) mother–child pairs were included in the anal-
ysis (figure 1). The cohort included 50 632 (51.3%) boys 
and 48 147 (48.7%) girls (information on sex was missing 
for 0.05% of the children). Of the 98 787 children, 69 
(0.07%) were diagnosed with cleft lip alone, 113 (0.11%) 
were diagnosed with cleft lip and palate, and 52 (0.05%) 
were diagnosed with cleft palate within 1 month after 
birth. A total of 234 (0.24%) children were eventually 
diagnosed with CL, CP or CL with CP. This incidence was 
shown as 23.7 per 10 000 births in our study.

Table 1 presents the results of exploratory analyses of 
the association between maternal nutrition status during 
the first trimester of pregnancy and CL, CP or CL with CP. 
No differences were observed in median nutrient intake 
estimated from FFQs among the CL with/without CP, CP 
and unaffected groups. However, multivitamin supple-
ment intake during pregnancy differed between the 
groups without and with incidence of orofacial clefts. The 
characteristics of mothers and children and associations 
with multivitamin supplement intake are shown in table 2. 
The multivitamin supplement intake group had a slightly 
greater mean age at pregnancy (31.6 years vs 30.7 years) 
and higher frequency of first pregnancy (37.7% vs 30.5%) 
than the no intake group. Furthermore, the multivitamin 
supplement intake group included larger proportions 
of women with full- time occupations (34.7% vs 32.4%), 
higher levels of education (university or higher: 26.7% 
vs 20.9%) and a higher level of income (>8 million yen 
(US$72 500), 13.5% vs 9.70%), than the no intake group.

Table 3 presents the results of the main analysis of the 
associations between multivitamin supplement intake 
and the incidence of CL, CP and CL with CP. Model 1 
involved a crude analysis of these associations and found 
that multivitamin supplement intake before pregnancy 
was associated with orofacial clefts (RR=1.71; 95% CI 1.06 
to 2.77), with a stronger association with intake up to the 
12th week (RR=2.00; 95% CI 1.18 to 3.37) than after the 
first trimester (RR=1.34; 95% CI 0.59 to 3.01). Further-
more, the association between supplement intake up to 
week 12 and orofacial clefts remained significant after 
adjusting for the mother’s age and other maternal vari-
ables during pregnancy (Model 2, RR=2.05, 95% CI 1.21 
to 3.46), as well as after adjusting for other variables, such 
as drug intake during pregnancy (Model 3, RR=2.11, 95% 
CI 1.24 to 3.59).

Regarding the stratified outcome of CL with or without 
CP, the relative risks were statistically significant for multivi-
tamin intake before pregnancy confirmation (CL with CP, 
Model 2, RR=2.04, 95% CI 1.06 to 3.92; Model 3, RR=2.05, 
95% CI:1.06 to 3.95) and during the first trimester (CL 
alone, Model 2, RR=2.80, 95% CI 1.21 to 6.49; Model 3, 
RR=3.36, 95% CI 1.43 to 7.90). Regarding the outcome of 
CP alone, we could not detect statistical significance for the 
association between multivitamin intake and the outcome 
in any period, although a trend towards this association was 
observed. Online supplementary table 1 shows the results of 
the model in which missing values were imputed by MCMC 
procedures. These sensitivity analyses did not reveal any 
change in the estimated relationship between maternal 
multivitamin intake and orofacial clefts in children.
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Table 1 Exploratory table of maternal nutrition status during the first trimester of pregnancy and the incidence of cleft palate 
with/without cleft lip (N=98 787)

Variables

No. of subjects (%)

No orofacial clefts Cleft lip alone Cleft lip and palate Cleft palate alone

n=98 553 n=69 n=113 n=52 P value

Nutritional intake from FFQ, median (IQR), per day*

  Retinol (μg) 406 (262 to 635) 417 (294 to 725) 453 (296 to 666) 370 (253.5 to 591.5) 0.319

  Vitamin D (μg) 4.30 (2.60 to 6.70) 4.70 (2.60 to 6.10) 4.00 (2.80 to 7.20) 4.05 (1.90 to 6.75) 0.905

  α-Tocopherol (mg) 6.10 (4.40 to 8.20) 6.20 (4.40 to 8.90) 6.30 (4.00 to 9.00) 5.85 (4.40 to 8.45) 0.847

  Vitamin K (μg) 162 (107 to 250) 172 (113 to 286) 200 (107 to 280) 160 (118 to 253) 0.341

  Vitamin B1 (mg) 0.78 (0.60 to 1.03) 0.81 (0.61 to 1.14) 0.08 (0.62 to 1.08) 0.76 (0.55 to 0.98) 0.584

  Vitamin B2 (mg) 1.02 (0.75 to 1.40) 1.10 (0.74 to 1.76) 1.06 (0.77 to 1.46) 0.97 (0.63 to 1.57) 0.588

  Niacin (mg) 13.5 (10.1 to 18.0) 13.1 (10.1 to 19.1) 13.3 (9.2 to 18.5) 12.9 (9.60 to 17.5) 0.847

  Vitamin B6 (mg) 0.98 (0.75 to 1.29) 1.04 (0.73 to 1.35) 1.02 (0.75 to 1.37) 0.97 (0.73 to 1.22) 0.575

  Vitamin B12 (μg) 3.80 (2.40 to 5.70) 4.00 (2.50 to 5.90) 3.80 (2.60 to 5.90) 3.60 (2.25 to 5.45) 0.733

  Folic acid (μg) 247 (178 to 339) 282 (178 to 407) 273 (171 to 369) 245 (182 to 355) 0.341

  Pantothenic acid (mg) 5.53 (4.24 to 7.24) 5.97 (4.21 to 8.63) 5.93 (4.30 to 7.44) 5.45 (3.77 to 7.41) 0.389

  Vitamin C (mg) 81.0 (53.0 to 120) 83.0 (58.0 to 144) 85.0 (52.0 to 131) 85.0 (54.0 to 119) 0.619

  ω-3 unsaturated fatty acid 
(g)

1.74 (1.26 to 2.36) 1.91 (1.21 to 2.54) 1.65 (1.24 to 2.49) 1.65 (1.26 to 2.20) 0.817

  ω-6 unsaturated fatty acid 
(g)

9.30 (6.98 to 12.3) 10.2 (6.95 to 13.9) 8.64 (6.80 to 11.9) 8.60 (6.30 to 12.0) 0.475

  Biotin (μg) 23.4 (16.9 to 32.4) 23.0 (17.0 to 39.7) 23.4 (17.2 to 33.5) 23.9 (15.5 to 32.3) 0.881

Supplement intake, n (%)†

  Multivitamin supplement 6556 (6.65) 7 (10.1) 13 (11.5) 6 (11.5) 0.055

  Folic acid supplement 38 265 (38.8) 19 (27.5) 44 (38.9) 24 (46.2) 0.181

*Kruskal- Wallis tests were performed for comparison between groups.
†χ2 tests were performed for comparison between groups.
FFQ, food frequency questionnaire.

DISCuSSIOn
The results of our analyses demonstrated an association 
between multivitamin supplement intake during preg-
nancy and the increased incidence of orofacial clefts. 
Specifically, compared with no intake of supplements, 
intake before pregnancy confirmation or intake during 
the first trimester of pregnancy was associated with a 
twofold increase in the relative risk of orofacial clefts in 
the offspring at birth. This association remained signif-
icant even after adjusting for maternal factors and the 
intake of specific drugs during pregnancy, although 
intake after 12 weeks failed to detect any significant asso-
ciation with orofacial clefts. Furthermore, micronutrient 
intake from food was not associated with the occurrence 
of CL with/without CP in the offspring.

A previous meta- analysis of maternal multivitamin 
use and adverse birth outcomes in a cohort of 13 680 
women with 1418 children with orofacial clefts, reported 
a summary relative risk (RR) of 0.88 (95% CI 0.77 to 1.01) 
for the association between periconceptional multivi-
tamin use with CL with/without CP, and a summary RR of 
1.12 (95% CI 0.94 to 1.33) for CP alone.16 Among studies 
included in a meta- analysis, two studies found a significant 
decrease in the risk associated with intake of multivitamins 

with folic acid during pregnancy,17 18 whereas five studies 
failed to demonstrate any significant risk reduction.19–23 
These discrepancies among the results of these studies 
may be attributable to the differences in the types of 
multivitamin supplements assessed as the studies focused 
mainly on folic acid–containing supplements.

In our study, our classification of any multivitamin use was 
only binary (yes or not), although different multivitamin 
supplements are available in Japan. Actually, multivitamin 
products sold in Japan are categorised as ‘health food prod-
ucts’, which are sold without regulation. Generally, multi-
vitamin products sold in Japan contain vitamin A, vitamin 
B1, vitamin B2, vitamin B6, vitamin B12, niacin, pantothenic 
acid, biotin, folic acid, vitamin C and vitamin E. As in other 
countries, women in the prepregnancy or initial preg-
nancy stage are recommended to take folic acid due to its 
preventive effect on neural tube defects in Japan. However, 
compared with purely folic acid supplement (100% folic 
acid supplement), the dose of folic acid contained in multi-
vitamins sold in Japan is not sufficient. If the women tend 
to take enough folic acid for prevention of neural tube 
defects from multivitamin, this may lead to overdose or 
excessive intake of other vitamins and minerals, which are 
reported as teratogens. For this purpose, the Food Safety 
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Table 2 Characteristics of parents and children associated with multivitamin supplement intake (N=98 787)

Variables

No intake Multivitamin intake*

P valueN=92 205 N=6582

Sex, boy (%)† 47,258 (51.3) 3374 (51.3) 0.466

  Gestational week, median (IQR)† 39 (38 to 40) 39 (38 to 40) <0.001

  Birth weight, mean (SD)† 3009 (434) 3011 (431) 0.660

Maternal age at pregnancy, mean (SD)† 30.7 (5.05) 31.6 (4.79) <0.001

Maternal BMI at pregnancy, mean (SD) 21.3 (3.32) 20.9 (3.07) <0.001

First pregnancy, yes (%) 28,106 (30.5) 2482 (37.7) 0.505

History of spontaneous abortion, yes (%) 18,405 (20.0) 1294 (19.7)

History of abortion, yes (%) 13,614 (14.8) 958 (14.6)

Maternal smoking status during pregnancy, yes (%)

  Never smoker† 53,270 (57.8) 3835 (58.3) <0.001

  Past smoker 21,586 (23.4) 1676 (25.5)

  Quit smoking after pregnancy 12,224 (13.3) 766 (11.6)

  Current smoker 4441 (4.82) 261 (3.97)

Maternal alcohol intake during pregnancy, yes (%)

  Never drinker† 31,919 (34.6) 2102 (31.9) <0.001

  Past drinker 50,869 (55.2) 3723 (56.6)

  Current drinker 9017 (9.78) 727 (11.1)

Marital status, yes (%)

  Married† 87,808 (95.2) 6299 (95.7) 0.807

  Single 3211 (3.48) 207 (3.14)

  Divorced/Widowed 784 (0.85) 50 (0.76)

Maternal job status†

  Full- time job 29,877 (32.4) 2285 (34.7) 0.003

  Part- time or temporary job 2909 (3.15) 202 (3.07)

  Self- employment 20,478 (22.2) 1411 (21.4)

  Housewife or others 35,784 (38.8) 2473 (37.6)

Maternal education†

  High school (up to 12 years) 33,405 (36.2) 1914 (29.1) <0.001

  College (up to 14 years) 38,080 (41.3) 2804 (42.6)

  University or higher (over 16 years) 19,304 (20.9) 1760 (26.7)

Household income†

  Up to 2 million yen 4876 (5.29) 257 (3.90) <0.001

  2–8 million yen 70,862 (76.9) 5034 (76.5)

  Over 8 million yen 8942 (9.70) 890 (13.5)

*Multivitamin intake means multivitamin intake during any period of ‘before pregnancy confirmation’, ‘Up to 12 weeks’ or ‘After 12 weeks’.
†Data were missing for sex for 8 (0.01%), for birth weight for 68 (0.07%), for mothers' age at pregnancy for 6134 (6.21%), for mothers' BMI 
at pregnancy for 42 (0.04%), for smoking status of mothers for 728 (0.74%), for alcohol intake of mothers for 430 (0.44%), for marital status 
for 428 (0.43%), for job status of mothers for 3368 (3.41%), for education of mothers for 1520 (1.54%) and for household income for 7926 
(8.02%) subjects.
BMI, body mass index.

Commission of Japanese government alerted that “Though 
multivitamins contain folic acid, which have preventive 
effects against neural tube defects, pregnant women should 
pay attention when they take multivitamin supplements 
because they contain vitamin A, which causes malformation 
at birth”.24 However, this was only an official statement and 

does not prevail among the public because no official state-
ment backs the use of pure folic acid for pregnant women 
instead of multivitamins in Japan. Due to the low level of 
knowledge of this effect among the public, the pregnant 
women in Japan may take in multivitamin supplements 
without knowledge of the risk of overdose.
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Table 3 Multinomial logistic regression analysis of maternal multivitamin intake and the incidence of cleft lip and cleft palate 
in children (N=98 787)

No. of events (%)

Total orofacial clefts Cleft lip alone
Cleft lip with cleft 
palate

Cleft palate 
alone

N=234 n=69 n=113 n=52

Variables Risk ratio (95% CI) Risk ratio (95% CI) Risk ratio (95% CI)
Risk ratio (95% 
CI)

Model 1 (crude)

Multivitamin intake, reference 
(no)

Ref

  Before pregnancy 
confirmation

1.71 (1.06 to 2.77)* 1.96 (0.85 to 4.52) 1.99 (1.04 to 3.82)* 0.82 (0.20 to 
3.38)

  Up to 12 weeks (the first 
trimester)

2.00 (1.18 to 3.37)* 2.78 (1.20 to 6.41)* 1.35 (0.55 to 3.31) 2.43 (0.88 to 
6.74)

  After 12 weeks 1.34 (0.59 to 3.01) 1.52 (0.56 to 6.19) 0.92 (0.23 to 3.71) 2.03 (0.49 to 
8.36)

Model 2‡ (adjusted)

Multivitamin intake, reference 
(no)

Ref

  Before pregnancy 
confirmation

1.73 (1.07 to 2.81)* 1.93 (0.84 to 4.48) 2.04 (1.06 to 3.92)* 0.84 (0.20 to 
3.45)

  Up to 12 weeks (the first 
trimester)

2.05 (1.21 to 3.46)** 2.80 (1.21 to 6.49)* 1.40 (0.57 to 3.45) 2.47 (0.89 to 
6.88)

  After 12 weeks 1.36 (0.60 to 3.07) 1.50 (0.37 to 6.13) 0.94 (0.23 to 3.83) 2.08 (0.50 to 
8.60)

Model 3‡ (adjusted)

Multivitamin intake, reference 
(no)

Ref

  Before pregnancy 
confirmation

1.77 (1.09 to 2.88)* 2.21 (0.95 to 5.16) 2.05 (1.06 to 3.95)* 0.77 (0.19 to 
3.19)

  Up to 12 weeks (the first 
trimester)

2.11 (1.24 to 3.59)** 3.36 (1.43 to 7.90)** 1.39 (0.56 to 3.45) 2.26 (0.80 to 
6.38)

  After 12 weeks 1.38 (0.61 to 3.13) 1.78 (0.43 to 7.34) 0.93 (0.23 to 3.79) 1.89 (0.45 to 
7.86)

*p<0.05; **p< 0.01.
‡Adjusted for the mother's age and body mass index at pregnancy, smoking and alcohol consumption during pregnancy, pregestational 
diabetes, retinol intake based on FFQ (food frequency questionnaire) and maternal education.
§Adjusted for the mother's age and body mass index at pregnancy, smoking and alcohol consumption during pregnancy, pregestational 
diabetes, retinol intake based on FFQ, maternal education, folic acid intake during pregnancy, and antirheumatic or antiepileptic or 
psychotropic drug intake during pregnancy.

Our results suggest that the associations between multi-
vitamin supplements and the incidence of orofacial clefts 
were largely observed during the first trimester, which is 
known to be the most drug- sensitive period of pregnancy. 
Fat- soluble vitamins, such as vitamin A, contained in 
multivitamins have been reported as teratogens, and these 
might play a potential role in the occurrence of orofacial 
clefts in offspring.25 Exposure to high doses of vitamin 
A might affect fetal palatogenesis by interfering with cell 
proliferation, as demonstrated in animal studies of neural 
tube closure and organ and limb development.26 27 As 
another mechanism, there could be gene–environmental 
interaction between maternal multivitamin intake and 

genes in the aetiology of orofacial clefts. Actually, Wu et al 
have found gene and environmental interactions between 
maternal exposures to multivitamin supplementation and 
orofacial cleft among the Chinese population.28 However, 
their results showed preventive effect of maternal multivi-
tamin supplementation and incidence of orofacial clefts. 
It is plausible to think that the adverse effect of multivi-
tamin in our subjects could be caused by an overdose of 
teratogen nutrients taken during pregnancy. Although we 
could not confirm that the vitamin A in the supplements 
taken by mothers in our study caused orofacial clefts in 
the offspring, caution should be exercised regarding 
multivitamin overdose by pregnant women.
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The risks associated with excess micronutrient intake 
are less understood, compared with the risks and recom-
mendations associated with insufficient micronutrition. 
Published evidence suggests that both nutritional excess 
and deficiency can lead to birth defects and intestinal 
malformations; however, the potential risks of excessive 
micronutrient intake have not been comprehensively 
determined.29 The existing epidemiological evidence 
cannot be used to establish a clear threshold above 
which vitamin intake may be harmful during early preg-
nancy,30 and therefore, effective communication of risks 
should convey that folic acid has a protective effect on 
the embryo and fetus, whereas excess multivitamin intake 
may be detrimental.

This study involved a dataset from a nationwide, large- 
scale cohort study, which allowed an adequate assess-
ment of the outcome incidence. Although some studies 
conducted in Nordic countries have included large 
birth cohorts,31 to our knowledge, this is the first study 
to evaluate the association between multivitamin intake 
and orofacial clefts in the offspring in the largest Asian 
cohort recruited to date. As the prevalence of orofacial 
clefts is higher in Asian populations than in European 
populations, our study may be more relevant to Asian 
populations.

Our study had several limitations. First, the data on 
maternal intake of multivitamin supplements and other 
drugs were based on interviews, which might have led 
to misclassification of exposure due to self- report bias. 
Furthermore, we did not investigate the types of multivi-
tamin supplements used, and therefore, the components 
and doses were unknown. Accordingly, the specific effects 
of vitamin A and other micronutrients on the incidence 
of orofacial clefts in the offspring could not be deter-
mined. Second, we only considered the occurrence of 
CL, CP or CL with CP within 1 month after birth. Thus, 
it is possible that we may have excluded CP cases which 
could not be diagnosed within this period. Additionally, 
in a stratified analysis, we did not observe a clear associa-
tion between multivitamin intake during pregnancy and 
the incidence of CP alone. This finding may be explained 
by a previous observation that CL and CP have different 
aetiologies.32 On the other hand, 52 occurrences may 
not have been sufficient for a thorough statistical anal-
ysis. The outcome of our study was rare; therefore, larger 
cohorts or a well- designed case–control study where 
exposures will be captured accurately, including informa-
tion on the content of multivitamin supplements, would 
be necessary in future. Third, we could not fully adjust for 
all potential confounding factors, including siblings and 
hereditary factors, which may have had an impact on the 
occurrence of CL, CP or CL with CP. Fourth, our outcome 
measure did not consider syndromic and non- syndromic 
cases. Although JECS data contain the information about 
congenital malformation in children, it is difficult to 
distinguish between syndromic or non- syndromic CL/
CP because we could not check all congenital malforma-
tions related to CL/CP. Finally, our study only considered 

liveborn children, and this can occur in a potential 
survival bias for pregnancies. This means multivitamins 
may increase the survival of a fetus with an orofacial cleft 
to birth rather than a risk due to the multivitamin. These 
limitations suggest that further studies should consider 
the components of multivitamin supplements and their 
effects on the incidence of orofacial clefts.

COnCluSIOn
Our study demonstrated that the maternal intake of multi-
vitamin supplements during early pregnancy increased 
the risk of orofacial clefts in the offspring, whereas 
micronutrient intake from food was not associated with 
such occurrence. Notably, this association was observed 
during the first trimester of pregnancy but was not signif-
icant thereafter. Accordingly, pregnant women and those 
intending to become pregnant should be informed about 
the benefits of taking pure folic acid supplements and 
advised about the potential risks of excess multivitamin 
supplement intake. Even though vitamin deficiency 
negatively affects fetal development, the excessive intake 
of multivitamin supplements could result in congenital 
malformations.
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