
ANATOLIAN 
CURRENT MEDICAL Anatolian Curr Med J 2022; 4(4); 412-416

Original Article

This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: 10.38053/acmj.1167530

Received: 26.08.2022 Accepted: 08.09.2022Corresponding Author: Asena Ayar Madenli, asenaayar@yahoo.com.tr

The effect of COVID-19 infection on anti mullerian hormone

Asena Ayar Madenli1, Naziye Gürkan2, Şebnem Alanya Tosun3
1Liv Hospital Vadistanbul, Department of Obstetrics and Gynecology, Istanbul,Turkey
2Medical Park Samsun Hospital, Department of Obstetrics and Gynecology, Samsun Turkey
3Giresun University, Faculty of Medicine,  Department of Obstetrics and Gynecology, Giresun Turkey

Cite this article as: Ayar Madenli A, Gürkan N, Alanya Tosun Ş. The effect of COVID-19 infection on anti mullerian hormone. Anatolian 
Curr Med J 2022; 4(4); 412-416.

ABSTRACT
Aim: The possible impact of COVID-19 infection on female reproductive system is a controversial issue. The aim of this study 
was to investigate the effect of COVID-19 infection on anti mullerian hormone (AMH) as a predictor of ovarian response to 
ovarian stimulation.
Material and Method: This prospective study was conducted at a university-affiliated tertiary medical center between June 
2021–February 2022. The study population included 79 reproductive-aged women (22-34 years) with COVID-19 infection. 
Blood samples were collected for AMH levels before COVID-19 infection and after three months of COVID-19 disease.
Results: The mean age of the study group was 28.11±3.49 years. Estradiol and Luteinizing Hormone (LH) was found to be 
lower after three months of COVID-19 disease (p<0.05). Follicle Stimulating Hormone (FSH) was significantly higher in 
post-COVID-19 group (p<0.05). Free T4 (FT4) and body mass index (BMI) were found to be higher after three months of 
COVID-19 disease but not significant (p>0.05). There was a statistically significant association between Pre-COVID-19 and 
Post-COVID-19 in terms of AMH (p<0.05). AMH values have decreased after COVID-19 infection in patients. There was a 
statistically significant association between menstrual volume and COVID-19 disease (p<0.05). According to the findings, 
menstrual cycle irregularity has increased after being infected with COVID-19.
Conclusion: In conclusion, the results showed that COVID-19 could adversely affect the AMH level and the female reproductive 
system.
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INTRODUCTION

In late 2019, a new virus (COVID-19) was first observed 
in China. On January 30, 2020, the World Health 
Organization (WHO) considered it an international 
threat to public health. COVID-19 became prevalent all 
over the world in a short time (1). At the global level, 
591 million cases of COVID-19, including 6.5 million 
deaths have been confirmed since 16 August 2022, as 
reported by the WHO (2). Considering the power and 
spread of this virus, the WHO declared an emergency 
and recommended that the countries should reduce the 
personal transmission of this disease by reducing the 
contact rate and control its global spread (3). Several 
countries had to impose isolation in their cities. In the 
modern world, no virus had an extensive global impact 
as much as COVID-19. In addition, researchers have 
conducted several studies on the effects of this virus on 
people in the last three years (4).

The effects of the COVID-19 virus are evident in some 
dimensions and still unknown in some dimensions. 
Certainly, COVID-19 and its effects on various 
dimensions of human life have been studied by researchers 
for years. The effects of COVID-19 on the reproductive 
system, particularly on women, are highly important (5). 
Since it plays an important role in survival of the species, 
several researchers argue that one of the most important 
systems in the whole body is the reproductive system (6). 
It appears that COVID-19 leaves adverse effects on the 
female and male reproductive system. Particularly, the 
virus’s potential pathogenicity on the granulosa cells and 
the ovarian and testicular tissues may impact ovarian 
and testicular function, oocyte quality, and spermatozoa 
with pregnancy outcomes (7).  Consider  the COVID-19 
pandemic scale, there may be a potential decrease in 
fertility (8). For this reason, it is very important for 
women who plan to become pregnant in the future to 
carefully examine the effects of COVID-19.
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Anti mullerian hormone (AMH) is a glycoprotein dimer 
and a member of the transforming  growth factor-beta 
family (9,10). This substance is secreted from the granulosa 
cells of primary, pre-antral, and small antral follicles 
(4-6 mm) of the ovary (11). AMH serum concentration 
depends on the number of small follicles and their ovarian 
reserves (12). AMH has always been considered as a 
marker to investigate ovarian function. AMH plays an 
important role in primary follicle growth (13).

Unlike other reproductive hormones, the state of the 
menstrual cycle does not affect the AMH levels. The 
serum AMH assay has recently played an increasingly 
important role in female fertility management (12).

Several studies have been conducted to evaluate the 
effect of the COVID-19 virus on women’s fertility 
(14-16). In the present study, the effect of COVID-19 
on AMH levels was assessed. The present study is 
significant for identifying the effects of COVID-19 on 
women’s fertility and providing preventive treatments. 
Physicians can provide more effective treatments for 
pregnant women with a history of COVID-19 infection 
by determining the exact effects of COVID-19 infection 
in women. This study aims to investigate the effect of 
COVID-19 on AMH levels.

MATERIAL AND METHOD 
This prospective study was carried out with the 
permission of Gümüşhane University Clinical 
Researches Ethics Committee (Date: 09.06.2021, 
Decision No: 2021/3). All procedures were carried out 
in accordance with the ethical rules and the principles 
of the Declaration of Helsinki. Seventy nine women 
participated in this study during June 2021–February 
2022. 

The study population included 79 reproductive-aged 
women (22–34 years) with COVID-19 infection. The 
study excluded women during pregnancy, under fertility 
treatments, with ovarian failure, previous COVID-19 
infection, or vaccinated women.

All respondents filled out an automatic questionnaire 
on gynecological, general medical and obstetrical 
background during recruitment and after three months. 
We took blood samples at AMH plasma levels during 
recruitment. The patients who applied to the clinic 
between the dates of the study and met the admission 
criteria were given detailed information about the 
purpose and scope of the study. Informed consent 
forms were signed by the patients who accepted to 
participate in the study, and a routine clinical procedure 
(history, physical examination, blood analysis, etc.) 
was performed. Serum samples were obtained by 

centrifuging the venous blood samples for 10 minutes 
at 4000 rpm for 10 minutes after the 30-minute 
coagulation period. Serum samples collected for 
biochemical and hormonal evaluation were examined 
in our hospital’s biochemistry and hormone laboratory. 
Anti-mullerian hormone (AMH), prolactin, follicle 
stimulating hormone (FSH), estradiol (E2), luteinizing 
hormone (LH), thyroid stimulating hormone (TSH), 
and free T4 (FT4) values   were recorded. The scale for 
measuring hormones was nanograms per milliliter 
(ng/ml).  

A polymerase chain reaction (PCR) test for COVID-19 
was employed to analyze individuals infected with 
SARS-CoV-2, the virus that causes COVID-19. The 
PCR test’s positive result was considered a COVID-19 
infection.

Statistical Analysis 
The Kolmogorov-Smirnov test performed to check the 
normality, and based on the test results, A Wilcoxon 
signed-rank test and Paired t-test were used to check 
statistical significance. Median, range, mean and 
standard deviations (SD) measured to check each 
continuous variable, including age, BMI, AMH, FSH, 
E2, LH, prolactin, FT4, and TSH. Pearson’s chi-squared 
test is used to determine whether there is a statistically 
significant difference between menstrual volume and 
COVID-19 infection. The Paired Samples Z-Test was 
used to determine the significance of menstrual volume 
after COVID-19 infection. SPSS v26 used for statistical 
analyses. A value of p-value < 0.05 was accepted as 
statistically significant.

To calculate the sample size with the G-Power 3.1 
program, two groups’ total mean was measured based 
on the Mann-Whitney test with the power of 85%, effect 
size of 31%, and 0.05 type 1 error for at least 77 patients 
(17).

RESULTS
This study included seventy nine age (28.11 ± 3.49) and 
BMI (25.32 ± 4.12) women. Table 1 shows descriptive 
statistics of study parameters. Table 2 shows the 
comparison of pre-COVID-19 and post-COVID-19 
groups on the study parameters. As stated in Table 
2, a Mann-Whitney test did not find a statistically 
significant association between pre-COVID-19 and 
post-COVID-19 in regard to BMI (p> 0.05). There was 
a statistically significant difference between groups in 
regard to FSH, estradiol and LH (p<0.05).  There was 
not a statistically significant difference between pre-
COVID-19 and post-COVID-19 in regard to PRL 
(p=0.471), FT4 (p=0.053) and TSH (p=0.866).
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Table 1. Descriptive statistics of study parameters (n=79)
Study parameters median (range) mean ± SD
Age 28 (22-34) 28.11±3.49
BMI 25 (17.3-40.8) 24.84±4.12
AMH 1.6 (0.8-3.7) 1.75±0.7
FSH 5.85 (1.79-10.1) 5.74±1.85
Estradiol 41.5 (6.98-330.9) 59.68±54.76
LH 5.34 (1.68-22.8) 6.45±3.62
Prolactin 20.255 (4.42-143) 23.55±15.19
FT4 1.045 (0.52-8.03) 1.26±0.96
TSH 1.61 (0.47-4.96) 1.81±0.87
SD, standard deviation.

Table 2. Comparison of pre- COVID-19 and post- COVID-19 
groups
Study 
parameters

Pre-COVID 
(n=79) M±SD

Post-COVID 
(n=79) M±SD

p value

BMI 24.71±1.96 24.94±4.01 0.074
AMH 2.01±0.7 1.49±0.61 <0.001*
FSH 5.42±1.71 6.06±1.94 0.034**
Estradiol 66.06±58.34 53.3±50.48 0.016*
LH 7.68±4.3 5.22±2.2 <0.001*
Prolactin 24.76±18.85 22.34±10.31 0.471*
FT4 1.22±0.94 1.3±0.97 0.053*
TSH 1.83±0.82 1.79±0.92 0.866*
M, Mean; N, number of subjects; BMI, body mass index; FSH, follicle-stimulating 
hormone; LH, luteinizing hormone; FT4, Free Tiroksin; TSH, thyroid-stimulating 
hormone. *A Wilcoxon signed-rank test. ** Paired t-test

There was a statistically significant difference between 
pre-COVID-19 and post-COVID-19 in regard to AMH 
(p<0.05). The post-COVID-19 group had significantly 
lower value than the pre-COVID-19 (M=1.49; SD=0.61 
vs. M=2.01; SD=0.7).

As stated in Table 3, a chi square test found that there 
was a statistically significant association between the 
menstrual volume and COVID-19 infection (p<0.05). 
The Pairwise Z-Tests found that the percentage of women 
with the fixed menstrual volume was significantly higher 
for the pre-COVID-19 period (43% from n=34) than 
three months after COVID-19 infection. The percentage 
of women with decreased menstrual volume was 
significantly higher for the post- COVID-19 period 
(78.5% from n=62) than before the COVID-19 illness.

Table 3. The relationship between menstrual volume and 
COVID-19 infection

Variable Pre-COVID 
(n=79) n (%)

Post-COVID
 (n=79) n (%) p value

Menstrual volume <0.001†
It has fixed 34 (43) †† 12 (15.2)
It has decreased 35 (44.3) 62 (78.5) ††
It has increased 10 (12.7) 5 (6.3)

†A Chi-square test. †† Pairwise Z-Tests

In this study, four groups were considered for the 
menstrual cycle (patients with a menstrual cycle shorter 
than 28 days, cycles between 28 and 35 days, cycles 
longer than 35 days, and prolonged menstrual cycles). 

According to research findings, 32/79 (42%) women have 
faced menstrual cycle irregularity after being infected 
with COVID-19.

Figure 1 shows that the women’s AMH decreases after 
the COVID-19 infection. Values of E2 and LH have 
also reduced. However, BMI and FSH have increased in 
women in the time period.

Figure 1. The effect of COVID-19 disease on study parameters

DISCUSSION
In our study, we investigated the impact of infection 
with COVID-19 on female reproductive system. AMH 
levels as a marker for predicting ovarian response were 
significantly lower in the post-COVID-19 group. AMH 
levels decreased 25% after COVID-19 infection in 
women. FSH and FT4 were significantly higher in the 
post-COVID-19 group. E2 and LH were significantly 
lower in the post-COVID-19 group. Menstrual volume 
decreased significantly in the post-COVID-19 group. In 
the post-COVID-19 group, 42% had changed menstrual 
cycle.

The COVID-19 pandemic caused the prevalence 
of depression, stress, and anxiety among women in 
general. Many studies reported shorter or longer 
menstrual cycles and irregular menstrual volume 
because  of psychological  pressure in pandemics 
(18-21) and COVID-19 vaccination (22,23). A few 
studies assessed the effects of COVID-19 infection 
on menstrual cycle and volume in women of 
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reproductive age. Khan et al. (24) demonstrated 
alterations in menstrual patterns and increased 
irregular periods because of infection by COVID-19 
in women of reproductive age. Their study reported 
irregular periods (60%), increased cycle length (35%), 
and alterations of menstrual pattern (16%).  Li et 
al. (25) reported menstrual abnormalities, altered 
menstrual flow (25%), and alterations in menstrual 
cycle pattern (28%) in COVID-19 positive women 
accepted in Wuhan hospital. Patients who were more 
severely ill encountered longer menstrual cycles. Vast 
of the majority of women returned to their regular 
cycle after months. Ding et al. (26) noted the effect 
of COVID-19 infection on two groups of mild and 
severe cases. The more severe patients encountered 
irregular menstruations, increased dysmenorrhea, 
more frequent amenorrhea and higher flow. Our study 
approves of these results. The current study showed 
that the menstrual volume and menstrual cycles of 
post-COVID-19 patients were adversely affected.

According to Li et al. (25), the reproductive aged women 
diagnosed with COVID-19 had AMH levels and  sex 
hormone concentrations comparable to those of the 
controls. Kolanska et al. (14) reported no mid-term and 
long-term effects of COVID-19 infection on AMH levels. 
Their study demonstrated there was not association 
between mild COVID-19 infection and ovarian reserve 
as evaluated by AMH levels in women of reproductive 
age. Herrero et al. (27) demonstrated that number of 
retrieved oocytes and oocyte maturity rate in women 
undergoing assisted reproductive technology procedures 
for confirmed COVID-19 infection were decreased 
compared with controls. Our study disapproves of these 
results. In the present study, we indicated that AMH levels 
from post-COVID-19 patients decreased compared 
with before COVID-19 infection. In contrast Orvieto 
et al. (28) reported no statistically significant difference 
in fertilization rate and number of oocytes obtained in 
9 women included to their study. However, their study 
showed the top-quality embryos rate were significantly 
lower after COVID-19 infection. 

As a limitation of the present study, we analyzed the 
enrolled patients three months after infection with 
COVID-19.  Consequently, further studies should 
be done to investigate if one can revert these ovarian 
alterations after a long time allowing physicians 
to design an optimized fertility protocol for those 
recovering from COVID- 19 and prevent the possible 
complications. More definite evidence can be given 
about the reproductive performance of female patients 
recovering from COVID-19 through studies with larger 
populations.

CONCLUSION 
The results described this evidence that infection with 
COVID-19 could damage ovarian reserve, alter the AMH 
level and potentially affect reproductive outcomes. More 
researches are needed to estimate the effect of COVID-19 
on women’s reproductive system. These results can be 
used to straighten the public health policies and improve 
the clinical interventions. In the end, the present study 
gives a solid ground for more research to assess the 
possible effects of the COVID-19 on the women’s fertility.
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