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Abstract
Background and Design: Isotretinoin is a widely used retinoid for the treatment of many dermatological conditions notably in acne with many
known side effects. This study aims to investigate the effects of isotretinoin on anti-Mullerian hormone (AMH), follicle stimulating hormone
(FSH) and total antral follicle count (TAFC) as the indicators of ovarian reserve (OR) and also aims to investigate the frequency of menstrual
irregularities (MI).
Materials and Methods: Ninety-two reproductive women were included in this prospective controlled study. Study group is consisted of 32
healthy control, 29 low-dose (0.4-0.6 mg/kg/day mean: 0.56±0.06) and 31 high-dose isotretinoin received patients (0.7-1.1 mg/kg/day mean:
0.94±0.11). AMH, FSH and TAFC were evaluated before and at 6th month of treatment in the treatment group, while AMH and FSH levels
were evaluated in the control group.
Results: Mean AMH level of treatment group at the 6th month of treatment was significantly lower than the level prior to treatment and that
of the control group (p<0.001, p=0.013). Mean FSH level was increased, and TAFC level was decreased compared to pretreatment period
(p=0,912, p=0,824). Seventeen patients (28.3%) had MI during treatment.
Conclusion: Although decrease in antral follicle numbers and increase in FSH levels were not significant, significant decreases in AMH levels
may indicate the negative effect of isotretinoin on OR.
Keywords: AMH, isotretinoin, menstrual irregularities, ovarian reserve

Öz
Amaç: İzotretinoin, başta akne olmak üzere birçok dermatolojik hastalığın tedavisinde sıkça kullanılan ve birçok yan etkisi bilinen bir retinoiddir.
Bu çalışma, aknesi olan kadın hastalarda izotretinoinin over rezervinin (OR) göstergeleri olan anti-Müllerian hormon (AMH), folikül stimüle edici
hormon (FSH) ve total antral folikül sayılarına (TAFS) etkisini ve menstrüel düzensizliklerinin (MD) sıklığını araştırmayı amaçlamaktadır.
Gereç ve Yöntem: Prospektif kontrollü olan bu çalışmaya üreme çağındaki 92 kadın dahil edildi. Çalışma, 32 sağlıklı kontrol, 29 düşük doz
izotretinoin alan hasta (0,4-0,6 mg/kg/gün doz ortalaması: 0,56±0,06) ve 31 yüksek doz izotretinoin alan hastadan (0,7-1,1 mg/kg/gün doz
ortalaması: 0,94±0,11) oluşmaktaydı. Tedavi grubunun serum AMH, FSH ve TAFS değerleri tedavi öncesi ve tedavinin altıncı ayı için, kontrol
grubunun ise serum AMH ve FSH seviyeleri değerlendirilmiştir.
Bulgular: Tedavi grubunun tedavinin altıncı ayındaki ortalama serum AMH değerleri tedavi öncesinden ve kontrol grubundan istatistiksel
olarak düşük bulunmuştur (p<0,001, p=0,013). Ortalama serum FSH seviyelerinde artış ve TAFS seviyelerinde tedavi öncesine kıyasla düşüş
saptanmıştır (p=0,912, p=0,824). On yedi hastada (%28,3) tedavi sırasında MD geliştiği saptandı.
Sonuç: Ortalama total antral folikül sayılarındaki düşüş ve folikül stimüle edici hormon seviyelerindeki artış anlamlı olmasa da, anti-Müllerian
hormon seviyelerinde anlamlı düşüşler, izotretinoinin OR üzerine negatif etkisinin bir sonucu olduğunu destekler niteliktedir.
Anahtar Kelimeler: AMH, izotretinoin, menstrüel düzensizlik, over rezervi
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Introduction
Isotretinoin (13-cis-retinoic acid) is a widely used retinoid for the
treatment of many dermatological conditions notably in acne1. It has
been approved by the Food and Drug Administration at 1982 for
patients with severe recalcitrant nodulocystic acne and, it is the only
molecule that acts on all four steps of the pathogenesis2,3. Isotretinoin
is not only beneficial for dermatologic conditions, it is also used for
many cancers and lymphomas by promoting differentiation4. It is
a well-known and widely studied molecule with many side effects
including mucocutaneous, rheumatologic, ophthalmic, gastrointestinal,
neuromuscular, psychiatric, and laboratory abnormalities3,4. Besides it's
well-known side effects, there are still unknown side effects and there
is a lot of concern about isotretinoin’s effect on fertility. There are only
few stuides avaliable in the literature that investigate isotretinoin’s
effects on ovarian reserve (OR)5-10.
Isotretinoin mainly acts on sebum suppression by sebocyte apoptosis
which is induced by isotretinoin-induced expression of tumour necrosis
factor-related apoptosis-inducing ligand, insulin-like growth factor
binding protein-3 and neutrophil gelatinase-associated lipocalin11.
Although apoptosis may participate at the main mechanism of action
of the drug, it may also be the explanation for most of the adverse
effects of isotretinoin, including impairment of OR.
This study aims to investigate isotretinoin’s effects on anti-Mullerian
hormone (AMH), follicle stimulating hormone (FSH) and total antral
follicle count (TAFC) as the indicators of OR by a different dose manner
and also aims to investigate the frequency of menstrual irregularities
(MI) in isotretinoin treated female acne patients.

Materials and Methods
Patient selection and data collection
Ninety-two women in reproductive-age (15-34 years) were included
in this prospective controlled parallel group study. This study was
performed between September 2014 and October 2015. Study
group consisted of 32 healthy controls, 29 acne patients under lowdose isotretinoin (0.4-0.6 mg/kg/day mean: 0.56±0.06) and 31 acne
patients under high-dose isotretinoin (0.7-1.1 mg/kg/day mean:
0.94±0.106). Patients with MI, polycystic ovary syndrome (PCOS), or
any ovarian pathology (endometriosis or ovarian surgery), who had
hormonal therapy, sistemic chemotherapy (CT), immunosupressants,
antidepressants, steroids, mood stabilizers, alcohol, or retinoid
treatment, patients with hormonal disregulation and patients on
pregnancy or lactation were excluded from the study.
This study was approved by İstanbul Okmeydanı Training and Research
Hospital Institutional Review Board and was conducted according to
the Declaration of Helsinki (approval number: 135, date: 05.11.2013).
Written informed consent was obtained from all participating patients.
Treatment design, evaluation of serum anti-Mullerian hormone,
follicle stimulating hormone level, total antral follicle count and
menstrual irregularities
Treatment group was divided as patients under low-dose isotretinoin
(n=29, 0.4-0.6 mg/kg/day mean: 0.56±0.06) and patients under highdose isotretinoin (n=31, 0.7-1.1 mg/kg/day mean: 0.94±0.106). The
patients were monitorized monthly during isotretinoin treatment and
www.turkderm.org.tr
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all patients received oral isotretinoin for 6 months for acne. Treatment
group’s AMH, FSH and TAFC were evaluated before the treatment and
at the 6th month of treatment, while control group’s AMH and FSH
levels were evaluated once. Patients were also questioned if they had
any MI before and during treatment.
Venous blood samples (10 mL) of the patients and the controls
were obtained on days 2-5 of the menstrual cycle and samples were
centrifuged for 15 min at 4,000 rpm and then stored at -80 °C. Serum
AMH levels were analysed with enzyme-linked immunosorbent assay
kit (Beckman Coulter, AMH Gen II ELISA A79765), serum FSH levels
were analysed with automated electrochemiluminescence system
[ROCHE Cobas 8000 (Germany) Elecsys]. All patients were evaluated
with suprapubic pelvic ultrasonography (Xario, Toshiba Medical
Systems, Japan, 3,5 to 5 mHz, convex probe) on the day 2-5th of the
mensturation to count the TAFC by a gynecologist who was blinded
to all participants. TAFC was calculated by the sum of the number of
antral follicles measuring 2-10 mm in diameter of the each ovaries.
Normal menstrual cycle was defined as cycle intervals of 21-35 days
and duration of bleeding of 4-7 days. Increased interval (delay) was
termed if the menstrual cycle ran longer than 35 days, and decreased
interval was termed if it ranless than 21 days. Abnormally low bleeding,
less than 30 mL per menstrual cycle was termed as hypomenorrhea,
excessive bleeding, over 90 mL, in a cycle of normal duration was
termed as hypermenorrhea.
Statistical Analysis
Statistical analyses were performed using the SPSS software
version 22.0. All numerical variables were reported as the mean ±
standard deviation, median, frequency and percentages. The levels
of significance values for differences in the mean AMH, FSH, TAFC
following treatment approach were calculated Wilcoxon signed rank
test. Mann-Whitney U test was used to assess the differences in mean
age, body mass index (BMI), AMH, FSH levels between the control and
the treatment groups and it was also used to compare the differences
in mean changes of the AMH, FSH levels and TAFC between the low
and the high-dose groups and patients with MI and without MI. All
analyses were performed by using non-parametric methods. Statistical
significance was achieved at p<0.05 and p<0.01.

Results
Mean age of the control group (25.91±3.95) was higher than the
treatment group (20.57±3.98) (p<0.001) but there was no significant
difference between two treatment groups (p=0.184). The mean BMI
was statistically similar between control (21.78±3.22) and treatment
group (20.98±2.94) (p=0.192).
The mean AMH level of the treatment group at month 6 was
significantly lower than the level prior to treatment and that of the
control group (p<0.001, p=0.013), although there was no significant
difference between the mean AMH level of the treatment group
and that of the control group prior to treatment (p=0.967) (Table 1,
Figure 1). Mean serum FSH level was found to be increased and TAFC
were found to be decreased but these changes were not statistically
significant (p=0,912, p=0,824) (Table 1). Mean AMH levels of both lowdose and high-dose groups were found significantly lower at month
6 than the levels before treatment (p=0.005, p<0.001). When the
6th month AMH levels of low and high-dose treatment groups were
compared to controls, the mean AMH level was lower in the high-
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dose group than controls, while it was not significantly different in the
low-dose treatment group than the control group (p=0.009, p=0,097)
(Table 1, Figure 1). Amount of changes in mean AMH, FSH levels and
TAFC of low-dose and high-dose groups were not significantly different
between baseline and 6th month (p=0.395, p=0.663, p=0.584).
Seventeen of 60 patients (28,3%) (10 under low-dose, 7 under highdose isotretinoin) had MI during treatment (Figure 2). The onset of

the MI were mostly detected at 4th month of the treatment and mean
duration was 1.87±1.13 months. While MI became normal during the
treatment in most of the cases (n=11, 64.7%), it became normal in 4
patients and continued in 2 patients after treatment cessation which
were not linked to any gynecological pathology.
When AMH, FSH and TAFC were compared between the patients with
and without any MI; AMH levels were found to be statistically higher

Figure 1. Mean serum anti-Mullerian hormone levels at baseline and
at the end of isotretinoin treatment in the study and control groups
AMH: Anti-Mullerian hormone

Figure 2. Number of the patients who developed menstrual
irregularities during isotretinoin treatment

Table 1. Mean levels and mean change in anti-Mullerian hormone, follicle stimulating hormone levels and total
antral follicle count at the beginning and at 6th month of isotretinoin treatment in control group and treatment
groups and also in patients with and without menstrual irregularities

AMH (ng/mL)

FSH (mIU/mL)

TAFC

Control,
(n=32)

Low-dose
Treatment
isotretinoin
group, (n=60) group,
(n=29)

High-dose
isotretinoin
group, (n=31)

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

p (*for treatment
and control group,
**for low dose and
high dose group

Before treatment

6,72±4.79

6.66±4

6.84±4.53

6.48±3.48

0,967*, 0.912**

Month 6 of the treatment

-

4.82±3.12

5.26±3.67

4.42±2.48

0.013*, 0.569**

p

-

<0.001

0.005

<0.001

-

Mean change

-

-1.83±2.57

-1.59±2.85

-2.06±2.3

0.395**

Before treatment

6.53±1.94

6.18±1.82

6.34±2.06

6.02±1.58

0.248*, 0.717**

Month 6 of the treatment

-

6.47±2.28

6.7±2.91

6.25±1.49

0.765*, 0.853**

p

-

0.912

0.705

0.631

-

Mean change

-

0.29±1.7

0.35±1.99

0.23±1.41

0.663**

Before treatment

-

9.92±3.36 (10)

10.38±3.45
(10)

9.48±3.27 (9)

0.312**

Month 6 of the treatment

-

9.72±7.11 (9)

10.83±6.92 (9)

8.68±7.24 (9)

0.256**

Mean change

-

-0.2±7.86

0.45±7.29

-0.81±8.44

0.584**

Patients without any
menstrual irregularty (n=43)
AMH (ng/mL)

FSH (mIU/mL)

TAFC

Patients with menstrual
irregularties (n=17)

p

Before treatment

5.38±3

9.9±4.44

<0.001

Month 6 of the treatment

3.99±1.95

6.92±4.40

0.006

Mean change

-1.38±1.69

-2.98±3.85

0.096

Before treatment

6.42±1.87

5.56±1.58

0.115

Month 6 of the treatment

6.64±2.41

6.03±1.92

0.517

Mean change

0.22±1.87

0.46±1.17

0.153

Before treatment

9.77±3.58 (10)

10.29±2.8 (9)

0.656

Month 6 of the treatment

9.30±6.58 (9)

10.76±8.44 (8)

0.687

Mean change

-0.47±7.38

0.47±9.19

0.730

AMH: Anti-Mullerian hormone, FSH: Follicle stimulating hormone, TAFC: Total antral follicle count, SD: Standard deviation
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in the patients with MI than patients without MI at baseline and at 6th
month of treatment (p<0.001, p=0.006), although the mean FSH and
TAFC before the treatment and 6th month of the treatment and mean
change of all parameters between two groups were not statistically
different (p>0.05) (Table 1).

Discussion
Several investigations evaluating the isotretinoin’s effect on OR
had been reported in the past five years and they show significant
decreasing levels of AMH with isotretinoin treatment, and they also
investigated isotretinoin’s effects by evaluating other parameters
including TAFC, ovarian volume (OV), FSH, luteinizing hormone (LH),
estradiol (E2), testosterone (Table 2). In our study we showed that
AMH level decreased significantly following the isotretinoin treatment
which was also found to be significantly lower than that of the control
group after the treatment. Although mean AMH levels at month 6
was found to be similar between the low dose treatment group and
the control group, it was found to be significantly lower in the highdose treatment group than the control group. Mean change in AMH
levels was not significantly different between high-dose and low-dose
groups suggesting that the effect of isotretinoin on AMH levels is not
dose related. TAFC and FSH level changes were insignificant but it
may be due to the early testing of these parameters. There are also
studies in the literature evaluating the isotretinoin’s effect on pituitary
hormones. One of them showed non-significant decreases in mean
FSH, E2, progesterone levels while LH and total testosterone decreased
significantly12. The other study showed significant decreases in LH and
total testosterone levels while non-significant decrease was observed
in the mean FSH level13.
OR demonstrates the oocyte quality and the size of the primordial
follicle pool accordingly indicates fertility14,15. AMH has been shown as
a promising marker of the OR in many studies15,16. It is secreted by
granulosa cells in early stages of follicle development (pre-antral and
early antral follicles)15-18. It is the one of the earliest and most predictable
marker for ovarian aging, while serum levels of FSH, Inhibin B, and E2
occur relatively late in the reproductive aging19,20. AMH has the best
sensitivity and specificity compared to AFC, FSH, E2 and inhibin B
levels or various ovarian challenge tests, but basal FSH, LH, inhibin B,
or E2 are still in use for long term follow up after CT15,18. AMH shows
more rapid and consistent changes in CT treated patients21 and it is
also useful to evaluate the ovarian damage after surgery, and toxicity
caused by ovarian toxic treatments, and radiation16,19.
The mechanism of action and adverse reactions may be associated
with isotretinoin’s effect on cell apoptosis11. The major mechanism of
isotretinoin in patients with acne is sebum suppression. It promotes
this action by sebocyte apoptosis22. Isotretinoin shows it’s mechanism
of action on acute promyelocytic leukaemia, and neuroblastoma
by inducing apoptosis as well11. Isotretinoin is a prodrug which is
isomerized to all-trans-retinoic acid that induces apoptosis in sebaceous
glands, meibomian glands, neuroblastoma cells, hypothalamic cells,
and other. Therapeutic, adverse, teratogenic and chemopreventive
effecs of isotretinoin are all mediated by upregulation of Forkhead
box O (FoxO) mediated gene transcription23. Shen et al.24 had reported
FoxO1 expression in mouse granulosa cell apoptosis induced by
oxidative stress. FoxO-mediated granulosa cell apoptosis may be the
explanation of AMH decrease after isotretinoin treatment.
Abali et al.9 had first investigated the effects of isotretinoin on OR in
www.turkderm.org.tr

Turkderm - Turk Arch Dermatol Venereol
2020;54:79-84

female Sprague-Dawley rats. AMH levels were significantly lower in the
treatment group than control group independent from the dose. Lower
number of proliferating cell nuclear antigen positive granulosa cells and
higher TUNEL-positive granulosa cells were observed in the isotretinoin
treated groups. The study showed that percentage of atretic follicles
and number of ovarian follicles containing apoptotic granulosa cells
was higher in the experimental groups.
Two recent investigations showed that isotretinoin’s effect on OR can
be reversible5,6. In one of these investigations which was performed on
rats it was shown that there were no statistically significant differences
in the AMH values one month after treatment cessation compared
to pretreatment values, although there was a significant decrease
after the treatment6. In the other study, all parameters associated with
the OR were evaluated and mean AMH, OV and TAFC values at the
beginning and 12 months after the treatment cessation were found
to be statistically similar although these three parameters decreased
significantly just after the treatment5. These two studies showed that
mean AMH concentrations increased after isotretinoin cessation, and
they support that the effect of isotretinoin on ORs might be reversible
but the mechanism of increase in AMH levels is controversial. AMH is
also used as a predictor of OR in cancer patients and there are also
reports showing the OR recovery after CT had been stopped25,26. AMH
levels decreased just after the beginning of CT due to destruction of
ovarian follicles and increased follicular atresia, but recovery in AMH
after CT was reported and it may be associated with reinitiation of
follicle growth, the restoration of the small growing follicle pool,
which in turn reflects the size on the non-growing, primordial pool26,27.
The primordial follicle pool is less damaged when the non-alkylating
protocols used so they allow the rapid emergence of newly growing
and AMH-secreting follicles although absence of a recovery in high-risk
treatment groups may be caused by a profound loss of the primordial
follicle pool unable to generate sufficient small growing follicles to
secrete AMH25,27. The same mechanism may be an explanation of the
isotretinoin’s reversible effect on OR.
There are several reports of MI due to isotretinoin treatment28-32.
Kwon et al.29 reported that 20% (n=8) of the patients had MI during
the isotretinoin treatment. Skipped periods in 4 patients, increased
interval in two patients, decreased interval and amount in a patient,
and intermenstrual bleeding in a patient were reported. Menstruation
periods returned to normal after isotretinoin cessation. In another study
evaluating the side effects of isotretinoin releaved that 18.6% (n=28)
of the patients developed MI (2nd or 3rd month). While mensturation
periods returned to normal in most of the cases (n=22) during the
treatment33. Tükenmez Demirci et al.32 reported 28.8% (n=16) of the
patients had developed MI; 6 of these patients with prolong interval,
4 with hypomenorhea, 2 with prolonged interval and hypomenorhea,
2 with metrorrhagia, one with shortened interval and one with missed
period. In our study group, 28.3% patients (n=17) had MI during
treatment which presented mostly as increased interval. MI became
normal during the treatment in most of the cases (n=11, 64.7%) which
also supports the idea that isotretinoin effects on ovaries are reversible.
In our study, AMH levels of patients with MI was higher than that of
patients without MI. However no significant difference was observed
with regard to mean change of the AMH levels between the patients
with MI and patients without MI. High levels of AMH may be an
indicator of PCOS but all patients were assesed before and the 6th
month of therapy for any gynecologic pathology; none of them had
PCOS34. We may suggest that, these patients might have a tendency to

120-135 (mg/
kg)

120-150 (mg/
kg)
6 months

7.5 mg/kg/day
1 month
(immediately
after the last
medication) on 60th day - (1
month after
the treatment
cessation)

120-150
(mg/kg)
6 month of
the treatment
12 months
after the
treatment
cessation

2015

2015

Öztürk et
al.10

Aksoy et
al.7

Korkmaz et 2017
al. 6*

Cinar et
al.5

5-8 months

79

8

-

8

-

-

32

82

22

10

Control

22

20

Number
of
patients

Significant
decrease after
the treament
No significant
difference at
18th month
and before the
treatment

Significant
decrease
immediately after
the treatment
No significant
difference at
1 month after
the treatment
cessation and
before the
treatment

Significant
decrease

-

Significant
decrease compare
to before the
treatment
no significant
difference
compare to
control group

Significantly
lower than the
control in both
treatment groups

AMH (ng/mL)

Nonsignificant
increase
after the
treament

-

Nonsignificant
increase

Significant
decrease

-

-

FSH
(mIU/mL)

Non-significant
increase after
the treament

-

Non-significant
increase

Significant
decrease

-

-

LH (mIU/mL)

*Performed in Sprague-Dawley rats
AMH: Anti-Mullerian hormone, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, TAFC: Total antral follicle count, E2: Estradiol

2017

120 (mg/kg)
5-7 months

2014

Sikar Aktürk
et al.8

7.5 or 15 mg/
kg/day
1 month

2013

Abali et
al.9*

Cumulative
doses and
month of the
evaluation

Study
year

Study

Significant
decrease
after the
treament

-

Nonsignificant
decrease

Significant
decrease

-

-

E2
(pg/mL)

Non-significant
decrease after
the treament

-

Non-significant
decrease

-

-

-

Testosterone
(free, total)
(pg/mL)

Significant
decrease after
the treament
No significant
difference at
18th month
and before the
treatment

-

Significant
decrease

Non-significant
decrease

-

-

TAFC

Table 2. Clinical trials which evaluate isotretinoin’s effect on hormones, total antral follicle count and ovarian volume

Significant
decrease after
the treament
No significant
difference at
18th month
and before the
treatment

-

Significant
decrease

Non-significant
decrease

-

-

TOV (mL)
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have PCOS and isotretinoin treatment might have triggered PCOS-like
symptoms in those patients who have high AMH levels at baseline.
But this observation needs further approval with accordingly designed
studies which evaluate AMH levels at the time interval when MI starts.

10.

Study Limitation

11.

Our limitation in this study was that we did not evaluate the AMH levels
after a rationale time passed from the treatment cessation.

12.

Conclusion
Isotretinoin is a frequently prescribed drug for patients with acne with
well known side effects. Fertility is the major concern of the patients
and parents of young adults. Albeit the decrease in AMH level is
significant, this effect may be reversible. Studies evaluating AMH levels
after a rationale time passed from the treatment cessation are needed.
The pathogenesis of MI remains to be determined.
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