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Abstract

Background: Despite South Korea’s Ministry of Food and Drug Safety (MFDS) risk management program (RMP) since June 2019,
isotretinoin prescriptions have surged 2.5 times from 0.39 million in 2017 to 0.97 million in 2021. This study assesses pregnancy
termination risk perception and termination following periconception isotretinoin exposure in South Korea. Methods: A dataset of 1785
pregnancies from January 2001 to September 2022 was collected by Korean Mother Safe Counselling Center, which is a call center for
teratogenicity information. A semi-structured questionnaire was sent to 1107 women to evaluate the rate of pregnancy termination, trends
of their risk of perceptive malformation and termination of pregnancy following isotretinoin exposure in periconception before and after
getting the counselling on teratogenic risk from our center. Results: There were 317 respondents from the total 1107women (28.6%). The
termination rate was 29.0% (92 out of 317). The perception of major malformation risk decreased from 77.1% ± 24.5% before getting
teratogenicity information to 60.4% ± 31.0% after getting teratogenicity information (p < 0.001). The inclination towards pregnancy
termination decreased from 5.6± 3.1 before getting teratogenicity information to 4.6± 3.5 after getting teratogenicity information (p<
0.001). Among the 214 infants examined, 2 (0.9%) were identified to have major malformations, comprising cases of hydrocephalus (1)
and biliary obstruction (1). Conclusions: Our study suggest that the perceptive risk of major malformations and termination of pregnancy
is still high after getting the teratogenicity information following periconception exposure of isotretinoin. As a result, approximately 30%
of pregnancies are terminated. We suggest that further study is needed.
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1. Introduction

Isotretinoin (13-cis-retinoic acid) is commonly used to
treat acne worldwide, including North America, the Euro-
pean Union, and Korea [1–3]. Isotretinoin was originally
approved by the United States FDA (Food and Drug Ad-
ministration) for treatment of cystic and recalcitrant acne
in 1982, with pregnancy category X for human fetal risk
[4]. Isotretinoin was first approved in Korea by the Min-
istry of Food and Drug Safety in 1997. Since then, the
Nimegen Soft Capsule (10 mg isotretinoin) has been pub-
lically available [5]. The number of prescriptions for it in
Korea was 0.39 million in 2016 according to the Korean
Health Insurance Review and Assessment Service [3]. In
2021 there were 0.97 million prescriptions identified in the
electronic medical record systems, according to the unpub-
lished report of Ministry of Food and Drug Safety (MFDS),
presented at the Retinoid Risk Management Improvement
Council meeting November 2022. This 2.5 times increase
in prescriptions for isotretinoin occurred despite the MFDS
having launched a risk management program (RMP) for the
cautious use of isotretinoin in 2019.

There have been several reports on the teratogenicity
of isotretinoin. On and Zeichner [6] reported that the use
of isotretinoin during pregnancy may result in congenital
anomalies in ~20–30% of exposed fetuses. These anoma-
lies include brain, cardiovascular, thymus and somemiscel-
laneous anomalies such as limb reduction [7].

Drawing from both animal and human research, it
has been suggested that teratogenicity arises from a shared
mechanism, potentially involving factors that inhibit nor-
mal activity and the interactive effects on neural crest cells
[8].

Retinoic acid receptors and retinoid X receptors,
which are grouped in nuclear ligand-induced receptors,
have exerted important roles in retinoid teratogenicity. It
has been suggested that Hox genes expression causes the
adverse effects of retinoic acid on the development of neu-
ral crest [9].

However, our recent findings indicate that there is no
notable contrast in neonatal outcomes, such as major mal-
formations, between pregnant individuals who were ex-
posed to isotretinoin from the periconception period and
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those who were not exposed [10]. Additionally, our sys-
tematic review and meta-analysis showed that 85% of the
fetuses exposed to isotretinoin were likely to be delivered
without major malformations [11].

Besides the issues of malformations following
isotretinoin exposure in the periconception period, an-
other serious adverse health problem is the high rate of
pregnancy termination. In Canada, France and Berlin,
the pregnancy termination rates of women who became
pregnant while on isotretinoin were 45%, 40% and 76%,
respectively [12–14]. A study in the Korean population
reported that the pregnancy termination rate was 26.6%
[15]. In Korea, isotretinoin exposure during pregnancy
is a problematic and complex reproductive health issue,
encompassing birth defects and termination of pregnancy.
This is due to the fear of its teratogenicity, and it’s
over prescription, even though the RMP for isotretinoin
was introduced in 2019. At the Korean Mother Safe
Counselling Center, 1.43% (120/8394) of the patients
were exposed to isotretinoin as the introduction of the
isotretinoin RMP has not changed this exposure rate
[16]. Despite the ongoing debate, the introduction of
iPLEDGE’s (https://ipledgeprogram.com/#Main) rigorous
contraceptive protocol in 2006 has been autonomously
linked to a reduction in pregnancies. The yearly count of
isotretinoin prescriptions remained consistent before and
after iPLEDGE’s implementation, indicating a genuine
decline in reported pregnancies compared to prescriptions
[17].

We aimed to evaluate the risk perception of pregnancy
termination, major malformation before and after getting
the counselling on teratogenic risk from our center and the
rate of pregnancy termination following periconception ex-
posure of isotretinoin.

Our study utilized data in the Korean Mother Safe
database on pregnant women exposed to isotretinoin who
voluntarily contacted the Mother Safe Call Center to seek
information after the use of various medicines during preg-
nancy (http://mothersafe.co.kr/).

2. Materials and Methods
This study encompassed a cohort of 1785 pregnant in-

dividuals who were exposed to isotretinoin during the peri-
conceptional period, enrolled in a database from January
2001 to September 2022. Of this group, 1107 women were
selected after eliminating those with no valid contact in-
formation. Since they had voluntarily contacted Korean
Mother Safe Counselling Center, which is a call center for
teratogenicity information, to seek information on the ter-
atogenicity of isotretinoin exposure during this period, a
follow-up study was conducted to examine pregnancy out-
comes including the rate of pregnancy termination.

Information was available on teratogenic risk of
isotretinoin according to their exposure time such as preim-
plantation (<4 weeks of gestation), organogenesis (4–10

weeks of gestation), and fetal period (>10weeks of gesta-
tion).

A semi-structured questionnaire was sent to the
women to evaluate pregnancy outcomes including spon-
taneous abortion, pregnancy termination, gestational age,
birth weight, structural birth defects, and neurodevelop-
mental delay. Furthermore, the questionnaire includes re-
spondents’ perception of the risk for congenital malfor-
mations and the likelihood of considering termination of
pregnancy before and after teratogen counselling during the
observation period using a visual analog scale (VAS). As
shown in Fig. 1 (Ref. [18]), the VAS for perception of
the risk for major malformations ranged from 0% to 100%,
whereas the scale for consideration of termination of preg-
nancy ranged from 0 to 10. Thus, the higher the score, the
greater the perceived risk or likelihood.

Fig. 1. Visual analog scale. Reproduced with permission from
American Journal of Obstetrics and Gynecology; published by El-
sevier, 1989 [18].

The questionnaire’s final response rate was 28.6% (n
= 317).

Statistical Analysis
The assessment of the risk perception regarding ma-

jor congenital malformations and the propensity to con-
template pregnancy termination before and after teratogen
counseling among pregnant women exposed to isotretinoin
was evaluated utilizing the paired t-test. A p-value < 0.05
was deemed statistically significant. The follow-up inci-
dence was subjected to descriptive analysis.

3. Results
3.1 Characteristics of the Study Population

In total, 317 respondents were included in the analysis.
The mean age was 29.4 years (19–46), gravidity 1.3 (1–8),
and body mass index (BMI) 20.0 kg/m2 (14.9–28.8) at the
time of counselling. With regard to isotretinoin exposure,
the last exposure occurred during the period between the
last menses and parturition was at 21.5 days (–28–110), the
mean isotretinoin dose/day was 10.7 mg (10–40), and the
mean total cumulative dosewas 252mg (10–1650) (Table 1,
Ref. [19]).
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Table 1. Characteristics of pregnant women exposed to isotretinoin (n = 317).
Variable Mean (SD) Range n (%)

General information
Age (years) 29.4 (4.4) 19.0–46.0 -
Gravidity 1.3 (0.7) 1.0–8.0 -
Parity 0.1 (0.4) 0.0–3.0 -
Spontaneous abortion (%) 0.0 (0.2) 0.0–2.0 -
Induced abortion (%) 0.1 (0.4) 0.0–7.0 -
Body mass index (kg/m2) 20.0 (2.2) 14.9–28.8 -

Co-exposures
Number of other medications 1.1 (2.4) 0.0–14.0 -
Alcohol - - 184 (16.6)
Cigarette smoking - - 37 (3.3)
Radiation - - 30 (2.7)

Isotretinoin exposure information
First exposure in prohibited period (days)† 3.8 (28.2) –28–99 -
Last exposure (days)‡ 21.5 (22.5) –28–110 -
Dose/day (mg) 10.7 (3.0) 10–40 -
Total cumulative dose (mg) 252 (232) 10–1650 -

†Prohibited period is the time that Food and Drug Administration (FDA) recommends
“Women should not become pregnant while taking isotretinoin or for 1 month after therapy
is discontinued” [19]. ‡Last exposure occurred during the period between the last menses
and parturition. SD, standard deviation.

Fig. 2. The perception of the risk of malformation after isotretinoin exposure during pregnancy before and after teratogenicity
counselling.

3.2 Perception of the Risks
Pregnant patients exposed to isotretinoin assigned

themselves a risk of 77.1% (standard deviation [SD]:
24.5%) for major malformations before counselling and
60.4% (SD: 31.0%) after counselling (p < 0.001) (Fig. 2).
The inclination towards termination of pregnancy when ex-
posed to isotretinoin was significantly reduced from a score
of 5.6 (SD: 3.1) before counselling to 4.6 (SD: 3.5) after
counselling (p < 0.001) (Fig. 3).

3.3 Termination of Pregnancy
As shown in Table 2, the rate of termination of preg-

nancy was 29.0% (92/317).

Table 2. Pregnancy outcomes after periconception
isotretinoin exposure.

Pregnancy progress Frequency Percent

Continuing pregnancy 214 67.5
Spontaneous abortion 11 3.5
Termination of pregnancy 92 29.0
Total 317 100.0

3.4 Other Pregnancy and Neurodevelopmental Outcomes
Table 3 displays other pregnancy outcomes including

congenital malformations, preterm birth, low birth weight,
and neurodevelopmental delay.

On average, the gestational age at delivery was 38.6
weeks (range 32 to 42 weeks), with a mean birth weight
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Fig. 3. The inclination for termination of pregnancy following isotretinoin exposure during pregnancy before and after terato-
genicity counselling.

Table 3. Birth and neurodevelopmental outcomes after periconception isotretinoin exposure (n = 214).
Variables Mean (SD) Range % (n)

Birth outcomes
Delivery weeks of gestation 38.6 (1.37) 32.0–42.0 -
Birth weight (kg) 3.1 ± 0.42 2.0–4.1 -
Preterm birth (<37 weeks of gestation) (%) - - 4.7 (10)
Low birth weight (<2.5 kg) (%) - - 6.5 (14)
*Congenital malformations (%) - - 0.9 (2)

Neurodevelopmental outcomes
Period of follow up (months) 41.5 ± 37.00 0.5–180.0 -
Neurodevelopmental delay - - 4.7 (10)
**Suspected autism spectrum disorder - - 1.9 (4)

* Hydrocephalus (1), biliary obstruction (1). ** Interaction with others - about 5 years and language-
about 2–3 years delay (1), interaction with others - about 5 years delay (1), interaction with others -
about 3 years delay (1), and interaction with others - about 2–3 years delay (1).

of 3.1 kg (range 2.0 to 4.1 kg). The incidence of preterm
birth was 4.2 while 58% of infants were born with low birth
weight.

Among the 214 infants examined, 2 (0.9%) were iden-
tified to have major malformations, comprising cases of hy-
drocephalus (1) and biliary obstruction (1). With an average
follow-up duration of 41.5 months post-birth (range 0.5 to
180 months), 10 out of 214 infants (4.7%) exhibited neu-
rodevelopmental delays, with 4 infants (1.9%) displaying
symptoms suggestive of autism spectrum disorder.

4. Discussion
Our study found significant reduction in the percep-

tion of the risk of congenital malformations and the incli-
nation to terminate the pregnancy after our teratogen coun-
selling in women exposed to isotretinoin during pregnancy.
However, the risk is still high. The resultant rate of termi-
nation of pregnancy was approximately 30%.

Our previous study showed that the termination rate
was 1.1% (12/1068) among Korean pregnant women who
non-exposed to isotretinoin [20].

The perception of the risk for major malformations
and the inclination to pregnancy termination in this study
can be compared with a previous report by Koren et al.
[18]. The perception of the risk for major malformation
when exposed to isotretinoin is 3.2 times higher than those
of pregnant patients exposed to agents not known to be ter-
atogenic (77.1 ± 24.5% vs. 24.0 ± 2.8%). The likelihood
of considering termination of pregnancy when exposed to
isotretinoin is 2.7 times higher than those of pregnant pa-
tients exposed to agents not known to be teratogenic (5.6
± 3.1 vs. 2.1 ± 0.3, converted from 7.9 ± 0.3 following
reversal of the published VAS scores) [21].

In this study, we did not evaluate the effect of advice
on determination of termination of pregnancy when in their
pregnancy the exposure occurred.

According to our previous report, the average rate of
pregnancy termination after isotretinoin exposure is 30.1%.
The rate of pregnancy termination was different according
to exposure time in the periconception period: >30 days
exposure, 12.9%; ≤30 days exposure, 17.6%; <4 weeks
of gestation, 50%; and ≥4 weeks of gestation, 40% [15].
The factors influencing the decision by women exposed to
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isotretinoin to undergo elective abortion were isotretinoin
exposure more than two weeks post-conception (adjusted
odds ratio (OR): 9.87, 95% confidence interval (95% CI):
1.18–82.34), and a pregnancy termination recommendation
by the first-contact physician (OR: 12.51, 95% CI: 2.36–
66.29) [15].

The frequency of pregnancy terminations in Canada,
France and the Berlin far exceeds that in Korea. In these
nations, 45% [12], 40% [13], 76% [14] of women who
conceived while using isotretinoin opted for termination of
their pregnancies, respectively.

The Korean RMP was implemented in 2019 to pre-
vent pregnancy during isotretinoin use. However, com-
pliance with our RMP was poor. In our previous study,
1.43% (120/8394) of patients at the Korean Mother Safe
Counselling Center were exposed to isotretinoin, with this
proportion remaining stable after RMP implementation.
Additionally, during the study duration, the average rate
of physician-provided information on isotretinoin’s ter-
atogenicity, obtaining acknowledgment (by signature) of
knowledge regarding its teratogenic nature, guidance on ef-
fective contraception, administration of a pre-isotretinoin
pregnancy test, and dispensing the drug within seven days
were 84.7%, 15.3%, 39.8%, 0.8%, and 99.2%, respectively.
Compliance with the RMP recommendations did not ex-
hibit any discernible trends or alterations during the 12-
month post-implementation period [16].

Conversely, according to the US FDA, there were
6740 reported pregnancies among women exposed to
isotretinoin from 1997 to 2017, with a peak of 768 out
of 117,784 pregnancies (0.65%) occurring at the initiation
of the iPLEDGE program in 2006. Since then, rates of
pregnancies, abortions, and fetal defects associated with
isotretinoin have decreased. However, it’s essential to in-
terpret the decline in isotretinoin-related pregnancies within
the broader context of national pregnancy and contraception
practices.

We suggest that the Korean RMP should consider im-
plementing more stringent measures, such as those in the
iPLEDGE program, for the effective prevention of preg-
nancy exposure to isotretinoin [17].

Our data showed that other pregnancy outcomes, in-
cluding the rates of spontaneous abortion, preterm birth,
low birth weight, and congenital malformation, were not
significantly different from pregnancy outcomes of the gen-
eral population. Additionally, there were 4 children with
suspected autism spectrum disorder, 1.9% (4/214).

According to findings by Adams and Lammer [22,23],
a subgroup of children, consisting of 44 who were exposed
to isotretinoin and 40 control subjects, underwent longi-
tudinal follow-up to assess their neuropsychological pro-
files. At the age of five, 13.6% (6 out of 44) of the ex-
posed children were observed to function within the mildly
or moderately impaired or delayed range of general intel-
ligence (<70 on the Stanford-Binet IV scale), in contrast

to only 2.5% of the control group (1 out of 40). Notably,
all isotretinoin-exposed children with intellectual disability
also had major malformations. Moreover, 29.5% (16 out of
44) of the exposed children exhibited performance falling
within the borderline intelligence range, in contrast to 7.5%
(3 out of 40) of the control group. Some of the exposed
children with borderline intelligence also displayed major
malformations.

Additionally, Alay et al. [24] stated that the risk of
neurocognitive disorder after isotretinoin exposure in preg-
nancy is 30%.

This abnormal neurodevelopment is consistent with
observations from studies in neurobehavioral teratology in-
volving rodents exposed to retinoid [25].

Olson and Mello [26] reviewed studies that have im-
plicated retinoid in learning and memory deficits of post-
embryonic and adult rodent and songbird models. The stud-
ies revealed significant insights into the role of vitamin A
in maintaining neuronal plasticity and cognitive function in
adulthood.

Our study had some limitations. First, the collected
data were based on self-reported outcomes, particularly
neurodevelopmental delays. In addition, the response rate
was 28.6% (317 out of 1107 women). In other words, about
70% fail to the response may be associated with several rea-
sons including change of phone number, and uncomfortable
of uninterested in the questionnaire regardless their preg-
nancy outcomes. The low rate of response may make un-
detected bias, such as those women who were more likely
to terminate the pregnancy or those women with children
with malformations may not have been as willing to re-
spond to the questionnaire. Therefore, our findings cannot
be generalized. Second, the perceived risk of congenital
malformations and inclination to terminate pregnancy ter-
mination before and after counselling was biased due to in-
complete recollection. Lastly, our long-term observational
study did not include a comparative analysis of pregnant
patients unexposed to isotretinoin. Therefore, these find-
ings should be interpreted with caution. Despite these lim-
itations, this study has several strengths and implications.
The major strength of our study was the source of the data;
pregnant patients exposed to isotretinoin during the peri-
conception period, prospectively enrolled at KoreanMother
Safe Database over more than 20 years. Our data demon-
strated that the rate of perception of risk for major malfor-
mations and likelihood of consideration of pregnancy ter-
mination in the women exposed to isotretinoin during preg-
nancy even though they received teratogen counselling was
still high. Hence, the termination rate of pregnancy was ap-
proximately 30%.

5. Conclusions
Our findings confirm that isotretinoin exposure during

pregnancy increases the perception of the risk of major mal-
formations and the likelihood of pregnancy termination due
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to fear of teratogenicity even after teratogen counselling.
As a result, periconception isotretinoin exposure results in
a high rate of pregnancy termination, therefore, the RMP for
isotretinoin exposure should be strictly applied in Korea.
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