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Abstract

Isotretinoin is among the most frequently usedmedications in the dermatologic daily prac-

tice.With a Black boxwarning, teratogenicity is amajor concern. Female fertilitymay be an

issue to be investigated when it comes to its use in females. The aim of this work was to

assess the effect of low dose isotretinoin on the ovarian reserve in female patients with

moderate to severe acne. Sixty-sex female acne patients candidate for isotretinoin therapy

and 66 controls were enrolled in this prospective controlled cohort study. Low dose iso-

tretinoin (0.25–0.4 mg/kg/day) was given to the patients group for 6 months. Serum anti-

Mullarian hormone (AMH), ovarian volume (OV) andAntral follicle count (AFC)were evalu-

ated at baseline and 6months after the last dose in the patients' group, and 1 year after the

baseline assessment for the control subjects. There was no significant difference in serum

AMHbetween patients after isotretinoin treatment and control subjects (p= 0.898). AMH

failed to show any significant change in pre- and post- treatment levels in patients' group

(p= 0.747). Both OV and AFC showed no significant changes in patient group when com-

paring pre- post- treatment levels on both sides (p > 0.05) and in control group between

baseline and 1-year-interval levels on both sides (p > 0.05). Low-dose isotretinoin in treat-

ment of moderate to severe acne seems to be safer on ovarian reserve as indicated by

non-significant change in AMH levels as a sensitive parameter of female fertility.
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1 | INTRODUCTION

Since first approved by the US Food and Drug Administration (FDA)

in 1982 to treat severe, resistant, and nodular acne, oral isotretinoin

(13-cis-retnoic acid) has revolutionized the therapeutic plans and

outcome of acne treatment. Off-label uses continue to emerge

thereafter.

The side effects of isotretinoin range from tolerable, including dry

skin and mucous membranes, to moderate like arthralgia and temporary

elevated liver enzymes. Troublesome side effects may include hypertri-

glyceridemia, mental depression, or even suicidal attempts.1

Retinoids pronounced teratogenic effects have previously been

reported in animal studies, and they were officially confirmed in

humans in 1983.2 Nowadays, they are considered the most terato-

genic medications after thalidomide.3

Sebocyte apoptosis is triggered by isotretinoin-induced production

of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL),

insulin-like growth factor binding protein-3 (IGFBP3), and neutrophil

gelatinase-associated lipocalin (NGAL), which suppresses sebum.4 Not

only apoptosis may have a role in the drug's principal mode of action,

but it could also be the cause of majority of isotretinoin's side effects.

The build-up of apoptotic pro-proteins is thought to participate in

the apoptosis of neural crest cells and the emergence of malforma-

tions and could also lead to ovarian reserve (OR) impairment.4 Fertility

is indicated by OR by demonstrating oocyte quality and the density of

the primordial follicle pool.5
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Anti- Müllarian hormone (AMH), secreted by granulosa cells of

the newly growing follicles, has been investigated to serve as a good

indicator of OR.6

Taking into consideration that isotretinoin is also a known chemo-

therapeutic medication used in treatment of certain types of tumors

including leukemias,7 we thought that its effect on fertility, especially

depletion of OR, like other chemotherapeutic agents, should be the

next field of research.

2 | METHODS AND MATERIALS

The protocol for this prospective controlled cohort study was approved

by the local Research Ethics Committee (MS:31-7-2019) in accordance

with the principles of the Helsinki Declaration. Patients were selected

from vulnerable population, and informed consents were obtained from

all participants. Personal privacy was protected at all levels. The infor-

mation gathered has not been used for any other purpose.

The study, performed during the period from October 2020 to

October 2021, included 66 female acne patients (20–37 years old)

candidates for isotretinoin therapy and 66 age-matched (19–35 years

old) apparently healthy control subjects. Female patients suffering

from variant degrees of acne, not receiving systemic treatment for

acne for at least 1 month, with regular menstrual cycles and normal

ovarian morphology confirmed by ultrasonography were indulged in

the study. Pregnant and lactating females were not included.

Normal lipid profile and 2 negative pregnancy tests in married sub-

jects (the last of which is done 19 days after the first negative pregnancy

test and within the first 5 days of the patient's menstrual cycle) were pre-

requisites for isotretinoin therapy. Married patients were advised to use

two methods of birth control (apart from hormonal methods) during the

study period and 1 month after the last isotretinoin dose.

Patients with any systemic disease (hypertension, thromboem-

bolic events, diabetes mellitus, cardiovascular problems, strokes,

Cushing's disease, cancer, congenital adrenal hyperplasia, liver disease,

mental disorders, and thyroid disorders) were excluded.

Meticulous medical history and full general and dermatological

examination were performed. Acne severity was evaluated in patients

group using Global Acne grading System (GAGS).9 Body mass index

(BMI) was calculated for each participant. A BMI of 25.0 to

29.0 kg/m2 was considered overweight, while a BMI of 30 kg/m2 or

greater was considered obese. BMI was calculated using the weight

(kg)/height (m) formula (m2).10

3 | TREATMENT PLAN, LABORATORY
INVESTIGATIONS AND ULTRASONOGRAPHY

All patients received low-dose isotretinoin (0.25–0.4 mg/kg/day mean

0.29 ± 0.053) for 6 months. In patient group, assessment of serum

AMH, ultrasonographic (US) assessment of ovarian volume (OV) and

antral follicle count (AFC) were performed before starting isotretinoin

treatment and 6 months after the last dose. In control subjects,

assessment of serum AMH, OV and AFC were performed at baseline

date then 1 year thereafter. AFC was defined as the number of folli-

cles measuring 2–10 mm in diameter as assessed by US.

Enzyme-linked immunosorbent assay (ELISA) using Human Mul-

lerian Inhibiting Substance/Anti-Mullerian hormone ELISA commercial

kits (Catalogue No. 201–12-1053) was used to measure serum level

of AMH on the 2nd–5th day of the menstrual cycle. Suprapubic pelvic

ultrasonography (Mindray DC-70, Mindray Medical Systems, China,

3.5 to 5 mHz, convex probe) was performed in the same time period

by an experienced gynecologist to calculate the OV and AFC.

4 | STATISTICAL ANALYSIS

SPSS 26.0 for Windows was used to gather, tabulate, and statistically

analyze all the data (SPSS Inc., Chicago, IL, USA). The mean ± SD was

used to express quantitative data. The Student's t-test was used to

compare two groups of normally distributed variables, and the paired

t test was employed to compare pre- and post-treatment findings in

each group.

To analyze the relations between different variables studied, the

Pearson correlation coefficient was determined. The (+) sign indicates

direct correlation, while the (�) sign indicates inverse correlation.

Values around 1 suggest strong correlation, while values near 0 indi-

cate weak correlation.

All the tests were two- sided. A p-value of less than 0.05 was

regarded statistically significant, while a p-value of more than 0.05

was judged statistically non-significant.

5 | RESULTS

Patients and control subjects were age- matched (mean age 28.28

± 4.5 years vs. 28.17 ± 4.2 years respectively) (p = 0.874). There was

also insignificant difference in BMI between both groups (25.84 ± 3.7

and 25.95 ± 3.7 in patients and control groups respectively)

(p = 0.857).

Patients with moderate (n = 41) and severe (n = 25) acne (GAGS

mean 29.53 ± 4.7) were treated with low dose Isotretinoin for

6 months.

There was no significant difference in baseline level of AMH

between patients and control subjects (p = 0.920). Similarly, AMH

levels did not show any significant difference when compared

6 months after the last isotretinoin dose in patients' group and 1 year

after the baseline assessment in the control subjects (p = 0.898). At

the level of each group, AMH failed to show any significant change in

pre- and post- treatment levels in patients' group, and in baseline and

after a one-year-interval levels in control group (p = 0.747 and 0.361

respectively).

The baseline ovarian volume (OV) was insignificantly different in

patients and control subjects on both left (p = 0.099) and right

(p = 0.138) ovaries. This insignificant change was also evident after

isotretinoin treatment in patients and 1 year after baseline assessment

2 of 6 HAROUN ET AL.
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in control group on both sides (p = 0.110 and 0.094 on left and right

sides respectively).

The AFC also showed insignificant difference between patients

and control subjects both at baseline and 1 year thereafter on both

left and right ovaries (p = 0.112, 0.302, 0.112, and 0.147

respectively).

Both OV and AFC showed no significant changes in patient group

when comparing pre- post- treatment levels on both sides (p > 0.05)

and in control group when baseline and 1-year-interval levels were

compared on both sides (p > 0.05) (Table 1) (Figure 1).

Besides, baseline AMH and AFC were found to have significant

negative correlation with BMI and severity of acne (GAGS) in studied

patients. Also, significant negative correlation was found between OV

and BMI. While the changes in the studied parameters remain unre-

lated to age, OV appears to be the only variable that correlates posi-

tively with age in our studied patients (Table 2).

6 | DISCUSSION

Being the only medication that affects all etiopathological aspects of

acne, systemic isotretinoin is rapidly gaining popularity as the “most

effective” acne treatment. Nevertheless, plenty of side effects has

been reported since its very early use. Studies continue to emerge

addressing the effect of oral isotretinoin on female fertility.11–16 Goo-

gling: “Does isotretinoin affect future pregnancy?” revealed more than

200.000 results addressing those concerns about the effect of the

medication on future fertility might be an issue.

The aim of this work was to evaluate the effect of low dose iso-

tretinoin (0.25–0.4 mg/kg/day mean 0.29 ± 0.053) used in treatment

of moderate to severe acne (mean GAGS 29.53 ± 4.7) for

6 months on OR.

Isotretinoin dosage used to be estimated based on body weight,

usually 0.5–1 mg/kg per day, and recommended for long enough to

reach a cumulative dose of about 150 mg/kg.17 This appears to be

lacking evidence. The general trend of using low dose isotretinoin,

regardless the body weight, is rapidly growing and gaining evidence.18

Our results showed insignificant change in serum AMH level in

terms of pre- and post- treatment assessment levels (p = 0.747). of

note, there was also insignificant difference when baseline AMH

levels were compared with the control subjects (p = 0.920). Similar

insignificant changes were noted in OV and AFC (p > 0.05). AMH, a

transforming growth factor β (TGF β) family member, is currently con-

sidered an easy-to assess sensitive serum marker of OR and hence

ovarian functions.19 AFC is an estimation of the number of ovarian

follicles, also described as OR.5 In comparison to follicle stimulating

TABLE 1 Mean levels and mean changes in anti-Müllarian hormone (AMH), ovarian volume (OV) and antral follicle count (AFC) in patient
group before and after isotretinoin therapy, and in control subjects as baseline level and 1 year thereafter

Variable
Patient group (N = 66)

Variable
Control group (N = 66) Test

(Mean ± SD) (Mean ± SD) t p value

AMH (ng/ml) before treatment 3.35 ± 0.77 AMH-baseline 3.36 ± 0.83 �0.1 0.920

AMH (ng/ml) after treatment 3.34 ± 0.77 AMH- 1 year after 3.37 ± 0.83 �0.129 0.898

Paired t test Test �0.324 �0.920 —

p value 0.747 0.361

OV (ml3) Rt before treatment 8.94 ± 1.11 OV Rt - baseline 8.64 ± 1.19 1.491 0.138

OV Rt after treatment 8.94 ± 1.11 OV Rt- 1 year after 8.59 ± 1.22 1.688 0.094

Paired t test t �0.293 1.893 —

p value 0.771 0.063

OV Lt before treatment 8.17 ± 1.07 OV Left–baseline 7.85 ± 1.11 1.663 0.099

OV Lt after treatment 8.17 ± 1.08 OV Left- 1 year after 7.86 ± 1.12 1.610 0.110

Paired t test t 0.292 �0.191 —

p value 0.771 0.849

AFC Rt before treatment 10.79 ± 2.18 AFC Right- baseline 11.42 ± 2.38 �1.602 0.112

AFC Rt after treatment 10.77 ± 2.25 AFC Right- 1 year after 11.33 ± 2.15 �1.460 0.147

Paired t test t 0.136 0.736 —

p value 0.892 0.464

AFC Lt before treatment 9.79 ± 2.18 AFC Left- baseline 10.42 ± 2.38 �1.602 0.112

AFC Lt after treatment 9.93 ± 1.84 AFC Left- 1 year after 10.3 ± 2.18 �1.037 0.302

Paired t test t �1.010 1.016 —

p value 0.316 0.313

Note: A p-value < 0.05 was regarded statistically significant.

Abbreviations: SD, standard deviation; t, Student t-test.
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F IGURE 1 Box plot graphs: (A): Main change in ovarian volume (OV) in right ovary among studied groups. (B): Main change in OV in left
ovaries among studied groups. (C): Main change in antral follicle count (AFC) in right ovary among studied groups. (D): Main change in AFC in left
ovary among studied groups

TABLE 2 Correlation between age
(years), BMI (Kg/m2), GAGS and anti-
Mullarian hormone (AMH), ovarian
volume (OV) and Antral follicle count
(AFC) within studied groups

Variables Age (years) BMIa (kg/m2) GAGSb

AMH before treatment (ng/ml) r 0.070 �0.647c �0.577c

p 0.578 0.000 0.000

AMH after treatment r 0.056 �0.653c �0.583c

p 0.657 0.000 0.000

OV (Right) before treatment r 0.738c �0.256* 0.011

p 0.000 0.038 0.930

OV (Right)

After treatment
r 0.747c �0.246* 0.027

p 0.000 0.046 0.828

OV (Left) before ml treatment r 0.810c �0.328c �0.026

p 0.000 0.007 0.835

OV (Left) after treatment r 0.805c �0.328c �0.026

p 0.000 0.007 0.836

AFC (Right) before treatment r 0.068 �0.533c �0.554c

p 0.588 0.000 0.000

AFC (Right) after treatment r �0.021 �0.552c �0.605c

p 0.866 0.000 0.000

AFC (Left) before treatment r 0.068 �0.533c �0.554c

p 0.588 0.000 0.000

AFC (Left) after treatment r �0.023 �0.434c �0.488c

p 0.854 0.000 0.000

Abbreviation: r, Spearman coefficient.
aBody mass index.
bGlobal acne grading scale.
cStatistically significant at p < 0.05.

*p < 0.05 statistical significance.
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hormone (FSH), estradiol (E2), inhibin B levels, and several ovarian

challenge tests, AMH proves to have the highest sensitivity and speci-

ficity in evaluating ovarian functions.20

Results of previous studies were controversial. Multiple studies

reported significant decrease in AMH level after isotretinoin ther-

apy.11,13,14 Of note, these results were reported after a total cumulative

dose of 120–150 mg/kg. Korkomaz et al. noted significant reduction in

AMH levels immediately after isotretinoin therapy in Sprague–Dawley

albinos, but this was reversed after 1 month of treatment cessation.12

In the same context, Cinar et al. reported that the significant decrease

in AMH level following isotretinoin therapy was totally reversible after

18 months following the last isotretinoin dose.11 Can et al. compared

the effect of high and low dose isotretinoin on AMH levels. They

reported a more significant decrease in AMH level following high dose

treatment when compared to low dose treatment group.8 These results

along with ours suggest that the toxic effect of isotretinoin on the gran-

ulosa cells (AMH- secreting cells) may be dose dependent.

An essential step in the mechanism of action of isotretinoin is its

isomerization to all-trans-retinoic acid that, in turn, induces apoptosis

via upregulation of FoxO1 gene expression mainly in sebocytes pro-

ducing the main therapeutic effect, and in other population of cells

-including granulosa cells- producing various adverse effects.21,22

Whether this effect on granulosa cells is dose dependent or not

should be an upcoming target of research.

We found no significant changes in OV and AFC in terms of pre-

and post-treatment evaluation and when compared to control group.

This is in opposition to Öztürk et al. who reported significant decrease

in both following isotretinoin therapy.16 Once again, this controverse

may be due to different dosage regimens. Other researchers con-

firmed that this significant decrease was temporary as well.11,12

A significant negative correlation was found between AMH levels

and AFC on one hand and BMI on the other hand. Reproductive func-

tions in females have long been linked to obesity.23 It is now well estab-

lished that metabolism of hormones is affected in adipose tissue. In

addition, obesity can exert an apoptotic effect on granulosa cells and may

affect the levels of AMH even in non- polycystic ovary (PCO) patients.24

Exclusive enrolment of non- PCO patients, the relatively short

follow-up period and the relatively small sample size are limitations to

our study.

7 | CONCLUSION

Low- dose isotretinoin in treatment of moderate to severe acne seems

to be safer on ovarian reserve than the full- dose regimen as indicated

by non-significant change in AMH levels as a sensitive parameter of

female fertility.
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