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Abstract

The objective of the study was to investigate the human teratogenic potential of vaginal metronidazole + miconazole treatment during
pregnancy, because these antimicrobial drugs separately did not indicate human teratogenic potential in our and other studies. The analysis
of cases with 21 groups of congenital abnormalities and their all matched controls was carried out in the population-based data set of the
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ungarian Case–Control Surveillance of Congenital Abnormalities, 1980–1996 including 38,151 pregnant women who had newb
ithout any congenital abnormalities (control group) and 22,843 pregnant women who had newborn infants or fetuses with
bnormalities. The prevalence of vaginal metronidazole + miconazole treatment during pregnancy was 2.5% (N= 576) in the case group a
.2% (N= 846) in the control group [crude prevalence odds ratio (POR) with 95% confidence interval (CI): 1.2, 1.0–1.3]. The an
ases and their matched controls indicated an association between vaginal metronidazole + miconazole use and poly/syndacty
econd through third months of gestation (adjusted POR 6.0, 95% CI 2.4–15.2). This finding may be connected with recall bias, al
ias was restricted by the evaluation of maternal drug use only during the critical period of poly/syndactyly and by evaluating only
ecorded metronidazole + miconazole treatment. The conclusion of the study is that this finding can be regarded as a signal for
ssociation between vaginal treatment of metronidazole + miconazole during pregnancy and poly/syndactyly without any plausible
ypothesis.
2004 Elsevier Inc. All rights reserved.
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. Introduction

Among sexually transmitted disorders,Trichomonas vagi-
alisandcandidasare the most common infections affecting
illions of women of reproductive age.Metronidazoleis an
ppropriate choice for the treatment of trichomoniasis and
andidiasis[1]. Miconazoleis an imidazole antifungal agent
sed, among others, for topical treatment of vulvovaginal
andidiasis[2].

Previously we studied the teratogenic potential of oral
etronidazole[3] and local miconazole[4] treatment during
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pregnancy and we did not find a clinically important increa
risk for structural birth defects, i.e. congenital abnormal
(CAs). The combination of metronidazole and miconazo
used frequently asvaginal tabletfor the treatment of mixe
infection of candidas and trichomonas in Hungary. There
no published epidemiological studies of CAs among child
born to mothers with metronidazole + miconazole (M +
treatment during pregnancy[5–7].

The objective of the study was to evaluate the human
atogenic potential of the combination of two antimicrob
drugs, i.e. M + M, which were not teratogenic at the sepa
use in the population-based large data set of the Hu
ian Case–Control Surveillance of Congenital Abnormal
(HCCSCA)[8].

890-6238/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
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2. Materials and methods

HCCSCA is based on the Hungarian Congenital Abnor-
mality Registry (HCAR), which is a national-based registry
of cases with CAs[9]. Notification of CAs is mandatory
for physicians, and most are reported by obstetricians (in
Hungary practically all deliveries occur in inpatient obstetric
clinics) and pediatricians (who are working in the neonatal
units of inpatient obstetric clinics and various inpatient and
outpatient pediatric clinics). Autopsy was mandatory for all
infant deaths and usual in stillborn fetuses during the study
period. Pathologists sent a copy of the autopsy report to the
HCAR if abnormalities were identified in stillbirths and infant
deaths. Since 1984, the data of termination of pregnancies
due to prenatally diagnosed fetal defects were also reported
by the prenatal diagnostic centers. The recorded total preva-
lence of cases with CA was 35 per 1000informative off-
spring (liveborn infants, stillborn and electively terminated
malformed fetuses) and about 90% of major CAs were re-
ported to the HCAR during the 17 years of the study period
[9].

The HCCSCA procedure[8] included five steps:

1. The first step was theidentification of casesfrom the data
set of the HCAR that were reported in the first 3 months
after births or termination of pregnancies. These cases
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care logbookand every medical record concerning their
diseases during pregnancy and their child’s CA. Obstetri-
cians in antenatal care are obliged to record all prescribed
drugs for women regarding pregnancy-related complica-
tions and diseases in the logbook. Data from the antenatal
care logbooks were available in 88.4% of cases and 93.8%
of controls. Finally, regional district nurses were asked to
visit and to question all case families who did not respond.
Thus, information was available on 96% (84% from re-
ply, 12% from visit) of cases whose mother’s addresses
were known and current. The response rate for controls
was 83%, but district nurses could visit only 200 non-
respondent control families because the ethics committee
considered this follow-up to be disturbing for the parents
of all healthy children[10].
Here, only the 17 years’ data of the HCCSCA are evalu-
ated, because the method of data collection was changed
after 1996.

4. The fourth step was the evaluation of M + Muse from
seven different aspects:

(a) The source of information:Three groups were
differentiated—(i) data only from the antenatal
care logbook and/or other medical records; (ii)
data only from the questionnaire; and (iii) con-
cordant data from both the medical records and
the questionnaire.
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comprised 77% of the HCAR.Casesof isolated CAs an
multiple CAs were included in the data set of the HC
SCA, however, three mild CAs (such as congenital d
cation of the hip based on the Ortolani click, congen
inguinal hernia and hemangiomas), minor variants (
umbilical hernia) and CA-syndromes of Mendelian
chromosomal origin were excluded.

. The second step was to ascertain appropriatecontrolsfrom
the National Birth Registry of the Central Statistical
fice. In general, two newborn infants without CA w
matched to every case according to sex, birth week i
year when case was born and district of parents’ resid
after 2 months of case notification. However, three n
born infants were selected for each case between 198
1992.

. The third step was to obtainexposure datafrom three
sources. A post-paid questionnaire with an explana
letter and a list of medicines (drugs and pregnancy su
ments) and diseases were mailed immediately after th
lection of cases and controls. The questionnaire requ
information on, among other things, medicine inta
pregnancy complications and maternal diseases d
pregnancy according to gestational month, and any
ily history of CAs. In order to standardize the answ
mothers were asked to read the enclosed lists of d
and diseases as a memory aid before they replied
mean± S.D. time elapsed between the birth and re
of the questionnaire was 3.5± 1.2 and 5.2± 2.9 months
in the case and control groups, respectively[8]. Further-
more, mothers were requested to send us theantenata
(b) The type of treatment:Two groups were differ
entiated in the analysis, M + M alone and M +
plus other medicines.

(c) The routeof administration:In Hungary, M + M
was available in the vaginal tablet (Klion D®,
Richter).

(d and e)Thedoseanddurationof treatment:The recom
mended protocol is two wet vaginal tablets c
taining 100 mg of metronidazole and 100 mg
miconazole per day in the evening before go
to bed for 10 days.

(f) The gestational age:This was calculated from
the first day of the last menstrual period. Th
time intervals were considered—(i) The fi
month of pregnancy: The first 2 weeks
before conception, while the third and fou
weeks comprise the pre- and implantation
riod. Thus, the first gestational month is bef
organogenesis, when toxic exposure to s
cells may cause death but not CAs. In g
eral, the maternal recognition of pregnanc
the third week after conception (i.e. fifth we
after the last menstrual period). (ii) The sec
through third months of gestation: This is
most sensitive, so-called critical period for m
jor CAs. All pregnant women who had M +
exposure during second and third months,
spective of when started taking the drug, w
included in this group. (iii) The fourth throug
ninth months of gestation.
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(g) Potential confounding factors:Maternal age,
birth order, marital and employment status, ma-
ternal disorders and other medicine (drug and
pregnancy supplement) uses were evaluated.

5. The fifth step was thestatistical analysis of datausing the
SAS version 8.02 statistical software package (SAS Insti-
tute Ins., Cary, NC, USA). First, the occurrence of M + M
treatment was compared between the two study groups,
and crude prevalence odds ratios (PORs) with 95% con-
fidence interval (95% CI) were calculated. Second, the
source of information and the onset of treatment during
pregnancy were compared between the study groups us-
ing aχ2-test. Third, potential confounders were evaluated
using Student’st-test for quantitative variables, and PORs
with 95% CI for categorical variables between the case
and control groups. Fourth, pregnancy complications were
evaluated and crude PORs with 95% CI were calculated.
Fifth, the occurrence of M + M treatments in cases with 21
CA-groups was compared with the prevalence of M + M
treatment in their all matched control pairs by gestational
time period, and adjusted PORs with 95% CI for potential
confounders were evaluated in a conditional logistic re-
gression model. However, 22 cases had no controls, there-
fore, one new control was selected for them from the rest
of the controls based on the matching criteria.
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there was no difference between the treated case and con-
trol groups. Among maternal variables, employment status
showed difference between treated case and control moth-
ers. The proportion of professional, managerial and skilled
worker women was higher in the treated control group than
in the treated case group (67.0% versus 53.0%), while the
proportion of semi- and unskilled workers, housewives and
others was lower. (In Hungary, in general, housewives belong
to the lower socio-economic classes.)

Among maternal disorders, there was no difference in the
prevalence of acute infectious diseases between the treated
case and control groups. However, there was an obvious
difference between the occurrence of acute infectious dis-
eases of genital organs in the total (7.3–7.6%) and treated
(99.8–99.9%) case and control groups because it was the in-
dication of M + M treatment. Acute infectious diseases of
urinary tract also showed a mild excess in the treated case
(10.9%) and control (8.5%) groups than in the total case
(6.9%) and control (6.0%) groups. Chronic maternal diseases
including diabetes mellitus and epilepsy did not show any
difference among the study groups.

There was no difference in the most frequently used drugs
between the treated case and control groups. However, the
clotrimazole treatment was more frequent in the treated case
(N= 175, 30.4%) and control (N= 287, 33.9%) groups than in
the total case (N= 1641, 7.2%) and control (N= 3077, 8.1%)
g
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. Results

During the study period, 2,146,574 babies were bor
ungary; hence the 38,151 controls represented 1.8

he Hungarian births. In control group, 846 (2.2%) preg
omen received M + M treatment. The case group cons
f 22,843 malformed offspring and 576 (2.5%) had m
rs with M + M treatment during pregnancy (crude POR w
5% CI: 1.2, 1.0–1.3).

M + M was rarely used alone (by the mothers of 21 c
nd 24 controls). Thus, figures for M + M alone and M +
lus other medicines were combined in further evaluat
he duration of M + M treatment was 8.8 and 8.7 days in
ase and control groups, respectively. In general, the re
ended daily dose was followed.
Of the 576 cases and 846 control mothers who

eived M + M, 240 (41.7%) and 546 (64.5%), had medic
ecorded treatment, respectively (χ2

1 = 72.5;p< 0.001).
The time of onset of M + M treatment was considered

estational month. The prevalence of M + M treatment in
rst month may reflect its preconceptional use (N= 24, 4.2%
n the case andN= 17, 2.0% in the control group). An increa
f M + M use was seen after the third month with a p
etween the fourth and seventh months. The distributio
+ M treatment in gestational months was similar betw

ases and controls (χ2
8 = 15.0;p= 0.06).

Potential confounders are shown inTable 1. Mean ma
ernal age was lower in the treated groups due to the h
roportion of young women (less than 24 years). Howe
roups.
The use of pregnancy supplements, including folic

49.8% versus 52.6%) and multivitamins (6.6% versus 8
id not show significant difference between the treated
nd control group. In addition, the percentage figure

reated groups did not deviate from the values of total gro
The evaluation of pregnancy complications did not re

eal differences in all but one variable between treated
nd control groups. The exception was severe nause
omiting during pregnancy, its prevalence was lower in
reated case group (5.9%) than in the treated control (8
roup (POR with 95% CI: 0.7, 0.4–0.9).

We focused our analysis onspecificCAs since teratogen
an effect rates of specific CAs without necessarily aff
ng the overall rate. The prevalence of maternal M + M tr

ents in 21 CA groups (including at least three cases)
ompared by gestational time period with the data of the
atched controls and adjusted PORs for confounding fa
ere calculated (Table 2). Of 21 CA groups, only the grou
f poly- and syndactyly showed a higher number of mot
ho received M + M treatment during the second thro

hird months of gestation, i.e. the critical period of th
As. There was no CA group with higher POR for mate
+ M treatment before (first month) and after (fourth to ni
onths) critical period of most major CAs. However, th
A groups: cleft lip± palate, rectal/anal atresia/stenosis
oly/syndactyly showed a higher POR during the entire p
ancy.

When only medically recorded M + M treatments (
he so-called concordant use from both medical record
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Table 1
Maternal confounders in the total, in addition in the treated case and control groups

Potential confounders Cases Controls Difference between treated
case and control groups

Total (N= 22,843) Treated (N= 576) Total (N= 38,151) Treated (N= 846)

No. % No. % No. % No. %

Quantitative
Maternal age (year)

24 or less 10,945 47.9 312 54.2 17,994 47.2 430 50.8 χ2
2 = 2.5;

p= 0.29;
t= 0.7;
p= 0.50

25–29 7154 31.3 168 29.2 12,885 33.8 280 33.1
30 and above 4744 20.8 96 16.7 7272 19.1 136 16.1
Mean± S.D. 25.5± 5.3 24.7± 5.1 25.5± 4.9 24.9± 4.9

Birth order
1 13,914 60.9 370 64.2 22,750 59.6 506 59.8 χ2

1 = 2.8;
p= 0.09;
t= 0.4;
p= 0.70

2 or more 8929 39.1 206 35.8 15,401 40.4 340 40.2
Mean± S.D. 1.6± 1.0 1.5± 0.9 1.6± 0.9 1.6± 0.9

Categorical

Unmarried 1040 4.6 32 5.6 1217 3.2 33 3.9 χ2
1 = 2.2;p= 0.14

Employment status
Professional 1091 8.3 42 7.3 4353 11.4 98 11.6

χ2
6 = 34.8;

p< 0.0001

Managerial 4968 21.7 118 20.5 10,134 26.6 215 25.4
Skilled worker 6329 27.7 145 25.2 11,690 30.6 254 30.0
Semiskilled worker 3869 16.9 104 18.1 5783 15.2 125 14.8
Unskilled worker 1503 6.6 43 7.5 1859 4.9 48 5.7
Housewife 2128 9.3 55 10.0 2038 5.3 41 4.9
Others 2145 9.4 69 12.0 2294 6.0 65 7.7

Table 2
Results of conditional logistic regression analysis of 1 case—1 to 3 control pairs regarding the prevalence odds ratio (POR) with 95% CI in different CA-groups

Study groups Second–third months First and fourth–ninth months Entire pregnancy Grand total

No. % PORa 95% CI No. % PORa 95% CI No. % PORa 95% CI No.

Isolated CAs
Neural-tube defects 9 0.8 1.2 0.5–3.1 24 2.0 1.3 0.7–2.2 33 2.8 1.3 0.8–2.0 1202
Cleft lip ± palate 14 1.0 1.7 0.8–3.7 40 2.9 1.5 0.9–2.5 54 3.9 1.6 1.1–2.4 1374
Posterior cleft palate 4 0.7 1.9 0.4–8.1 5 0.9 0.4 0.2–1.2 9 1.6 0.7 0.3–1.5 582
Esophageal atresia/stenosis 3 1.4 1.9 0.3–12.4 1 0.5 0.2 0.0–1.9 4 1.8 0.6 0.2–2.1 217
Congenital pyloric stenosis 2 0.8 2.4 0.2–27.4 2 0.8 0.1 0.0–1.1 4 1.7 0.4 0.1–1.4 241
Intestinal atresia/stenosis 2 1.3 3.3 0.3–39.9 1 0.7 0.4 0.0–3.6 3 2.0 1.0 0.2–4.6 153
Rectal/anal atresia/stenosis 4 1.8 8.8 0.9–82.5 8 3.6 3.6 0.9–14.9 12 5.5 4.9 1.5–16.3 220
Obstructive CAs of urinary tract 3 1.1 1.4 0.3–7.3 7 2.6 1.2 0.4–3.4 10 3.7 1.2 0.5–3.0 271
Hypospadias 19 0.6 1.0 0.5–1.8 52 1.7 0.2 0.8–1.7 71 2.3 1.1 0.8–1.5 3038
Undescended testis 7 0.3 0.7 0.3–1.7 31 1.5 0.9 0.6–1.4 38 1.9 0.9 0.6–1.3 2051
Exomphalos/gastroschisis 4 1.7 2.9 0.3–26.6 3 1.3 1.0 0.2–4.5 7 2.9 1.4 0.4–4.6 238
Congenital hydrocephaly 1 0.3 1.6 0.1–30.5 8 2.5 1.1 0.4–2.8 9 2.9 1.1 0.4–2.8 314
Ear CAs 0 0.0 – – 4 1.1 0.4 0.1–1.4 4 1.1 0.3 0.1–1.1 354
Cardiovascular CAs 27 0.6 1.1 0.6–1.8 88 2.0 1.3 0.9–1.7 115 2.6 1.2 0.9–1.6 4479
Clubfoot 11 0.5 0.9 0.4–1.8 36 1.5 1.2 0.8–1.9 47 1.9 1.1 0.8–1.6 2424
Limb deficiencies 2 0.4 0.4 0.1–2.2 7 1.3 0.6 0.2–1.4 9 1.6 0.5 0.2–1.2 548
Poly/syndactylyb 21 1.2 6.0 2.4–15.2 40 2.3 1.3 0.8–2.0 61 3.5 1.8 1.2–2.6 1744
CAs of skeletal system 0 0.0 – – 3 1.4 2.0 0.4–9.1 3 1.4 1.3 0.3–5.5 211
Diaphragmatic CAs 2 0.8 3.8 0.3–44.7 4 1.6 1.0 0.3–3.7 6 2.5 1.4 0.5–4.1 243
Other isolated CAs 9 0.6 1.3 0.5–3.2 32 2.0 1.1 0.7–1.8 41 2.6 1.1 0.7–1.7 1590

Multiple CAs 8 0.6 0.7 0.3–1.8 28 2.1 1.1 0.7–1.8 36 2.7 1.0 0.6–1.6 1349

Total CAs 152 0.7 1.2 0.9–1.5 424 1.9 1.1 0.9–1.3 576 2.5 1.2 1.0–1.3 22,843

Total controls 203 0.5 Referent 643 1.7 Referent 846 2.2 38,151

POR: prevalence odds ratio; 95% CI: 95% confidence interval.
a Odds ratios adjusted for birth order, maternal age and employment status in a conditional logistic regression model.
b Higher POR with 95% CI both in the entire pregnancy and during the second–third months of pregnancy.
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the questionnaire, in addition only from medical records)
were evaluated, there was a higher use of M + M during
the second–third months of pregnancy again and only in the
group of poly/syndactyly (adjusted POR with 95% CI: 3.6,
1.2–11.0), but not during the entire pregnancy (adjusted POR
with 95% CI: 1.3, 0.7–2.1). This approach did not show a
higher POR for maternal M + M treatment during the entire
pregnancy in the group of cleft lip± palate and rectal/anal
atresia/stenosis either.

Of 61 cases in the group of poly/syndactyly, 31 had poly-
dactyly, 20 were affected with syndactyly, while 10 had both
CAs. Most defects occurred in the upper limbs, but some
poly-syndactylies were not specified according to the up-
per and/or lower limbs and uni- or bilateral manifestation.
(Partial syndactyly between toes 2 and 3 were excluded as
minor anomalies from our data set.) Of 41 cases with poly-
and poly/syndactyly, three fathers and one mother had also
polydactyly. Of 20 cases with syndactyly, two fathers were
also affected with syndactyly. After the exclusion of familial
cases, the previously found association between M + M and
poly/syndactyly does exist.

4. Discussion

This report indicates a detectable teratogenic risk of
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of cases than controls had medically recorded exposure. (v)
As our previous validation study showed, there is an under-
ascertainment in the drug exposure[10].

Vaginal M + M use was more prevalent in the mothers
of infants affected with poly/syndactyly. The question is
whether the possible association between this CA group and
vaginal M + M treatment is causal or whether we can explain
it with different biases or by chance.

The birth of an infant with CA is a serious traumatic event
for most mothers, who therefore try to find a causal expla-
nation such as drug use during pregnancy, something that
does not occur after the birth of a healthy newborn infant.
This recall bias can mimic an increased risk of drugs in the
CA-groups up to POR of 1.9[11]. However, it is possible to
restrict recall bias. Firstly, we evaluated 21 CA-groups and
only one: poly/syndactyly showed a higher POR for maternal
M + M treatment during the second and third months of preg-
nancy and this POR exceeded significantly 1.9. Secondly,
treatment with M + M should indicate a higher risk only dur-
ing the critical period for a specific CA (because we expect
an under-reporting of exposure in both the critical and non-
critical periods of CAs in the control group). Thirdly, an inde-
pendent source of exposure data, e.g. the medically recorded
data may serve as a gold standard. When we compared the
medically recorded M + M use in the cases and their matched
controls, the previously found increased POR for this drug
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+ M, widely used drugs for trichomonal and candida
ections in the female genital organs because the occur
f poly/syndactyly increased six-fold after the topical us
+ M during the critical period of this CA group.
The strengths of the HCCSCA are as follows—(i) La

nd population-based data set, including 1422 preg
omen who received vaginal M + M treatment, in a raci
omogeneous European–Caucasican population. (ii) M

ng of cases with controls. (iii) Good compliance by mo
rs in responding to the questionnaire. (iv) Availability
rospective and medically recorded data on M + M treatm

n a certain portion of study groups. (v–vi) Knowledge
xposure time and confounders. (vii) A high validity of C
iagnosis.

However, this data set also has some limitations—(i) M
omen who received M + M treatment were treated w
ther drugs as well, although their proportion was sim

n the study groups and other drug use was consider
confounder. (ii) The response rate was 84% for case

3% for controls; however, there was an active follow-up
ll mothers in the case group who did not respond to the q

ionnaire, but only 200 control mothers with no response w
isited at home. However, the prevalence of M + M treatm
id not differ significantly between the respondents and
espondents[10]. (iii) Many reports on M + M use (58.3%
n case and 35.5% in control group) were based on in

ation that was collected retrospectively from mothers.
xplanation might be that M + M was prescribed by o
hysicians independently on antenatal care. However, th

ormation of mothers is valid[10]. (iv) A smaller proportion
as significant again and only for the poly/syndactyly.
Another problem is that multiple comparisons may p

uce non-causal association, because a significant diffe
s expected in every 20th estimation because of chance[12].
hese significant differences are not consistent becaus
esult in higher and lower uses of drugs in different CA
owever, we found only a higher POR in our study, pa
larly in the group of poly/syndactyly and it is difficult
xplain a six-fold increase by chance.

Finally, we have to consider the possible role of un
ying diseases in the origin of poly/syndactyly. Other m
ernal disorders were considered among confounders
he occurrence of all but one-pregnancy complications
xception was severe nausea and vomiting) was simi
reated case and control groups. However, unseen m
al complications affiliated with vaginal infection cannot
xcluded.

Most studies, metaanalyses and reviews were again
uman teratogenicity of metronidazole[13–17], though som

nvestigations showed some association between me
dazole and orofacial clefts[18,3]. In our previous stud
here was a higher occurrence of newborn infants
oly/syndactyly (adjusted POR with 95% CI: 1.9, 1.0–3
fter the use oforalmetronidazole during the second and th
onths of gestation[3], compared to the total control grou
owever, the McNemar analysis of case–control pairs di
onfirm it. A teratogenic effect was not seen after the us
opical miconazole cream during the second and third mo
f gestation[4], and only one case with poly/syndactyly
urred in our data set.
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Thus, this large, controlled case–control epidemiologi-
cal study indicates a possible association between vaginal
M + M use during pregnancy and poly/syndactyly, though
our findings are not in agreement with previous human stud-
ies (summarised above) and animal experiments. Metronida-
zole [19] and miconazole[20,21] separately did not induce
CAs in animal experiments, however, metronidazole poten-
tiated strongly the teratogenicity of alcohol in mice[22].
Poly/syndactyly is not a characteristic component CAs of
fetal alcohol syndrome. On the other hand, interactions be-
tween metronidazole and other agents are well-known[23].
Metronidazole is a typical enzyme-inhibiting drug, e.g. can
increase the effect of oral anticoagulants due to the inhibition
of hepatic metabolism, in addition is capable of sensitizing
the patient to alcohol with a disulfiram-like reaction (cramps,
vomiting and flushing). However, drug interaction between
miconazole (acts by altering mycotic cell membrane perme-
ability) and metronidazole (its active derivate is binding to
the DNA of microbial agents) have not been reported.

Of course, it is interesting that the combination of these
two drugs after the use in a vaginal tablet may produce a
synergestic teratogenic effect for the development of poly-
and syndactyly, though we are not able to provide a plausible
biological hypothesis for this finding.
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oly/syndactyly, first we can differentiate preaxial, a
nd postaxial manifestations and within them several
roups were identified on the basis of familial clusters. S
actyly includes five types: type I: zygodactyly, type
ynpolydactyly, type III: ring and little finger syndacty
ype IV: Haas type polysyndactyly, type V: syndactyly w
etacarpal and metatarsal fusion. Obviously some pa

hese CAs have genetic, mainly autosomal dominant o
nd the gene mutation in type II synpolydactyly was id

ified [24]. On the other hand, teratogen induced poly-
yndactyly is also well known in animal[7] and human stud
es (e.g. aminopterin or methotrexate can cause partia
actyly)[25–26]. Nevertheless, poly/syndactyly is not a us
andidate CA at the evaluation of human teratogens.

In conclusion, the finding of our population-bas
ase–control study showed an association between va
+ M treatment and poly/syndactyly. Isolated polydac

s not a serious CA, the clinical importance of syndac
epends on the severity of CAs. Further studies are ne

o confirm or to reject the possible human teratogenic e
f vaginal M + M treatment.
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