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Low Anti-Mullerian Hormone Levels Are Associated with the Severity
of Anxiety Experienced by Healthcare Professionals
During the COVID-19 Pandemic
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Abstract
The objective of this study is to investigate a possible correlation between anxiety status and anti-Mullerian hormone (AMH)
levels among healthcare professionals who provide medical care directly to COVID-19-positive patients during the recent
pandemic. Fifty-two healthcare professionals (nurses, midwives, and residents) who provide medical care directly to COVID-
19-positive patients in inpatient clinics or intensive care units were enrolled in this study. Serum AMH levels were analyzed to
reflect ovarian reserve. The Beck Anxiety Inventory (BAI) and the State-Trait Anxiety Inventory (STAI-S and STAI-T, respec-
tively) were completed by participants to assess their anxiety status. A linear regressionmodel with participant age as the constant
variable was applied to analyze the relationship between inventory scale scores and AMH levels. P-values less than 0.05 were
considered statistically significant. The mean AMH value was significantly lower for the participants in the moderate/severe
anxiety group compared to the minimal/mild anxiety group (p = 0.007). A linear regression analysis revealed a significant
negative correlation between AMH levels and both BAI (B = −0.030, standard error = 0.010, p = 0.004) and STAI-S and
STAI-T scores when age was controlled (both p = 0.003). The severity of anxiety experienced during the recent COVID-19
pandemic among healthcare professionals, who provide medical care directly to COVID-19-positive patients, is found to be
related to low AMH levels.
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Introduction

Acute global crises regarding health, such as the recent
COVID-19 pandemic, greatly increase the work burden and
risk of healthcare professionals compared with general society
[1]. For example, the number of patients can increase rapidly,
while the measures taken to protect healthcare providers and
ensure continuity of resources may not be sufficiently respon-
sive. As a consequence, the rate and severity of anxiety and
depression symptoms among healthcare professionals who
need to deal with multiple stressors increases. It has been
reported that the rate of depression, insomnia, and anxiety
among healthcare providers during the COVID-19 pandemic
has reached 23.2%, 38.9%, and 22.8%, respectively [2].
Moreover, severe degrees of anxiety and depression symp-
toms have been reported to affect 2.2 to 14.5% of healthcare
workers, during the COVID-19 pandemic [3].

Accumulating evidence suggests that experiencing psychi-
atric stress (mainly anxiety and depression) contributes to
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reproductive failure [4, 5]. Multiple pathways have been pro-
posed to mediate the relationship between stress and repro-
ductive function, including activation of the hypothalamic pi-
tuitary adrenal axis which may result in a delay or inhibition of
a luteinizing hormone surge and activation of the sympathetic
system which can alter blood flow through the fallopian tubes
and block gamete transport [5, 6].

Anti-Mullerian hormone (AMH) is secreted by granulosa
cells of preantral and small antral follicles in the ovaries [7].
AMH is a member of the transforming growth factor-β family
of growth/differentiation factors and plays a role in ovarian
follicle growth by inhibiting follicle stimulating hormone-
dependent oocyte recruitment [7]. Thus, AMH is a significant
marker of oocyte quantity and quality and is considered a
reliable biomarker of ovarian function [7].

Studies of the relationship between anxiety and ovarian
reserve have reported inconsistent results [8–11]. For exam-
ple, higher levels of psychological stress have been related to
lower AMH levels, and this has strengthened the hypothesis
that “psychological stress may affect ovarian reserve” [8, 9].
In contrast, self-reported and current stresses were not associ-
ated with ovarian reserve in fertile and infertile women of
reproductive age [10, 11].

Thus, to date, limited and contradictory evidence exists
regarding the effect of psychological stress on serum AMH.
Therefore, the aim of this study was to investigate a possible
correlation between anxiety and AMH levels among
healthcare professionals who provide medical care directly
to COVID-19-positive patients during the current pandemic.

Material and Methods

A total of 95 healthcare professionals (including nurses, mid-
wives, and residents) who provided medical care directly to
COVID-19-positive patients at inpatient clinics or intensive
care units between August and November 2020 were enrolled
in this cohort study. This study was approved by our
Institutional Review Board, and informed consent was obtain-
ed from all participants.

The subjects had no symptoms and received a negative
result from a reverse transcriptase-polymerase chain reaction
assay of a nasopharyngeal swab sample or computed tomog-
raphy to detect severe acute respiratory syndrome coronavirus
(SARS-CoV-2). The subjects also worked actively for at least
4 months providing COVID-19 services. The participants
were homogenized according to the results of their initial eval-
uation in order to exclude factors that had been reported to
likely affect AMH in previous studies [12]. In the initial eval-
uation, participants were administered an interview to estab-
lish their medical, surgical, family, and social histories.
Healthcare workers with known/suspected pregnancy were
not included. All healthcare providers with a history of

systematic disorders, including polycystic ovary syndrome
(PCOS), infertility, a life time history of depression/anxiety
and related drug use, pelvic/abdominal surgery, malignancy,
irregular menstrual periods, use of chemotherapy and/or ra-
diotherapy, hormonal contraceptives, or any medications
within 3 months prior to enrolling in this study were excluded.
Women with polycystic ovary syndrome (PCOS) were ex-
cluded by using Rotterdam criteria. In addition, those who
reported exposure to smoking, caffeine, alcohol, and/or recre-
ational drug use, subjects older than 35 years, and subjects
with a body mass index (BMI) ≥ 30 kg/m2 were excluded
due to the negative effects of these characteristics on ovarian
reserve. After evaluating the initial 95 subjects, 37 subjects
were excluded. Eleven subjects were excluded due to PCOS
and an irregular menstruation period, hormonal drug use for
these disorders, and thyroid dysfunction; five were excluded
due to use of hormonal agents with the aim of contraception
within 3 months; four were excluded due to use of antidepres-
sant or anxiolytic agents; four were excluded for a BMI ≥ 30
kg/m2; two were excluded for being older than 35 years; three
were excluded due to a history of endometrioma surgery; and
eight were excluded because they did not accept the enroll-
ment offered to them in this study. Therefore, a total of 58
subjects were enrolled in this study.

Venous blood samples were obtained from each of the
participants during the early follicular phase of their menstrual
period. Levels of AMH were analyzed with a human AMH
enzyme-linked immunosorbent assay (Mini-Vidas-
BioMerieux, Hazelwood, MO, USA).

The same day as the blood collection, participants complet-
ed the Beck Anxiety Inventory (BAI) and both the State-Trait
Anxiety Inventory scales (STAI-S and STAI-T, respectively)
to assess their anxiety status. All of the scales were scored by a
single investigator (SA) who was blinded to the participants’
ovarian reserve status. The BAI is a self-report questionnaire
that evaluates the intensity of common somatic, affective, and
cognitive anxiety symptoms, which have been experienced by
the respondent within the previous 7 days. It consists of 21
items with Likert scale scoring. Definitive statements of anx-
iety symptoms are rated from 0 to 3 as follows: 0 = not at all; 1
= mildly, but it didn’t bother me much; 2 = moderately, it
wasn’t pleasant at times, and 3 = severely, it bothered me a
lot. The total score can range from 0 to 63, and higher total
scores indicate greater anxiety [13]. The total BAI scores are
classified as a minimal anxiety level (score 0–7), a mild anx-
iety level (score 8–15), a moderate anxiety level (score 16–
25), and a severe anxiety level (score 26–63). In the current
study, we combined the minimal and mild anxiety groups into
a single group during analysis. The STAI consists of two
subscales. STAI-S evaluates the feelings of an individual at
a certain moment under a certain condition, while the STAI-T
refers to anxiety as a personality trait regardless of circum-
stances [14]. The STAI includes 20 items, and participants
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are rated on a 4-point scale from 1 (almost never/not at all) to 4
(almost always/very much). The total score can range from 20
to 80 points, and a higher score indicates greater anxiety [14].

When AMH levels were analyzed, six participants had
levels ≥ 6.0 ng/mL. These cases involving excess AMH levels
were excluded due to a possible relation with PCOS according
to previous studies [12].

Laboratory results and anxiety scores for the 52 subjects in
our cohort were compared to investigate a possible relation-
ship between severity of anxiety and AMH level. Statistical
analyses were performed by using SPSS (version 21.0; IBM
Corporation, NY, USA). Data are expressed as the mean ±
standard deviation (SD) and median (interquartile range
(IQR)) for all subjects and for each group. One-way analysis
of variance (ANOVA) with the Bonferroni post hoc test was
applied to compare the mean values between groups.
Spearman correlation coefficient was used to analyze bivariate
simple correlations between subject age and variables. A lin-
ear regression model with age controlled as the constant var-
iable was applied to analyze a possible correlation between
inventory scale scores and AMH levels. A correlation was
indicated according to coefficients value (B), standard error
(SE), and p-value. P-values less than 0.05 were considered
statistically significant.

Results

The mean age of our cohort was 29.7 ± 4.1 years. The 52
participants examined were as follows: nulligravid (n = 22),
nulliparous (n = 9), primiparous (n = 18), andmultiparous (n =
3). The mean AMH level for the cohort was 1.90 ± 1.15 ng/
mL. A more detailed AMH profile is presented in Table 1.

Based on the BAI scores obtained, there were 10 (19.2%)
subjects in the minimal anxiety group, 12 (23.1%) subjects in
the mild anxiety group, 14 (26.9%) subjects in the moderate
anxiety group, and 16 (30.8%) subjects in the severe anxiety
group. The mean AMH value for the minimal and mild anx-
iety groups was significantly higher than the mean AMH
values for the other three groups (F = 5.574, p = 0.007). In
contrast, the mean AMH values were similar between the
moderate and severe anxiety groups (1.46 ± 1.00 ng/mL vs.
1.50 ± 0.89 ng/mL, respectively) (Fig. 1).

When AMH levels were analyzed according to participant
age, a significant negative correlation was observed (r =
−0.429, p = 0.002). However, the anxiety scores of the inven-
tories were not significantly affected by subject age (BAI
scores: r = 0.110, p = 0.436; STAI-S scores: r = 0.212, p =
0.132; STAI-T scores: r = 0.132, p = 0.350).

Linear regression analysis also revealed a significant neg-
ative correlation between AMH levels and both BAI (B =
−0.030, SE = 0.010, p = 0.004) and STAI-S and STAI-T scale
scores when age was controlled (B = −0.024, SE = 0.008, p =
0.003 and B = −0.029, SE = 0.009, p = 0.003, respectively)
(Figs. 2, 3, and 4).

Discussion

The principal implication of the current results is that a signif-
icant negative correlation was detected between AMH levels
and BAI and STAI-S and STAI-T scale scores. These results
add to the growing body of research, which supports the hy-
pothesis that a negative correlation exists between anxiety and
AMH levels.

Since late December 2019, healthcare providers have had
extended working hours while dealing with an unexpected
pandemic and having insufficient knowledge of the disease
involved. Continuous use of personal protection equipment
has further added to the physical exhaustion and mental pres-
sure experienced by healthcare professionals [15]. Research
performed during previous epidemics/pandemics has shown
that healthcare providers encounter a broad range of psycho-
logical morbidities. In particular, concerns regarding fear,
anxiety, and stigmatization were reported [1, 16]. The rela-
tionship between psychiatric traumas and suicide has also
been documented [16, 17]. Fears over risk to health and social
isolation can lead to psychological stress. Moreover, lack of
personal protective equipment that can arise during a pandem-
ic represents a stressor [1]. Studies of the MERS-CoV out-
break in 2014, which resulted in an excessive amount of anx-
iety among people in infested countries, revealed that the
healthcare professionals involved were suffering extreme
levels of stress, as this group of individuals was potentially
facing the highest levels of infection risk [18, 19].
Furthermore, it was demonstrated that 30% of the infection

Table 1 AMH profile of our
cohort (n = 52) Characteristic Mean ± SD Median (IQR) Min.–Max.

Age (y) 29.7 ± 4.1 29.0 (6.75) 20.0–35.0

AMH (ng/mL), overall 1.90 ± 1.15 1.68 (1.77) 0.01–5.01

Minimal/mild anxiety (n = 22) 2.47 ± 1.20 2.60 (1.53) 0.21–5.01

Moderate anxiety (n = 14) 1.46 ± 1.00 1.36 (1.19) 0.01–3.30

Severe anxiety (n = 16) 1.50 ± 0.89 1.34 (0.93) 0.18–3.59

AMH anti-Mullerian hormone, IQR interquartile range,mLmilliliter, ng nanogram, SD standard deviation, y years
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cases involved medical staff, with most of the infection spread
occurring within the boundaries of hospitals [18, 19]. More
recently, in a study conducted among frontline physician
trainees during the COVID-19 pandemic who were exposed
to COVID-19-positive subjects, they exhibited a higher prev-
alence of stress and were more likely to suffer from burnout
compared to a non-exposed group of trainees [20].
Additionally, it was observed that the female trainees were
more affected by stress [20].

The relationship between psychological stress and repro-
ductive functions has not been fully elucidated. Biological
responses to stress may lead to increased levels of stress hor-
mones, which lessens granulosa cell function and affects fol-
licular maturation. This in turn can affect the final number of
oocytes [21]. Psychological stress can also have a positive
association with antral follicular count in younger women
[22]. However, an age-related reduction in antral follicular

count can be precipitated by elevated stress levels in all age
groups [22]. Furthermore, a depressive clinical condition can
moderate the effects of stress on this decline [23].

Previously, a cross-sectional study conducted among
Chinese women with unexplained infertility demonstrated a
negative correlation between salivary alpha-amylase, a bio-
marker of psychological stress, and serum AMH [8]. In con-
trast, a separate cross-sectional study found no relationship be-
tween stress and serum AMH in infertile women with unex-
plained infertility [10]. More recently, a case-control study of
190 women found that self-reported stress and psychological
distress were not associated with serum AMH levels in either
infertile or fertile women of reproductive age [11]. Meanwhile,
a cross-sectional study of 89 infertile women identified “chron-
ic” lifetime psychosocial stressors such as a personal history of
abuse or recreational drug use as endamaging factors, rather
than “current” stress, based on morning serum cortisol level
and dysphoric mood score data [24].

Fig. 1 Boxplot of mean AMH levels according to anxiety intensity
determined by BAI scores

Fig. 2 Linear regression analysis of BAI scores and AMH levels

Fig. 3 Linear regression analysis of STAI-S scores and AMH levels

Fig. 4 Linear regression analysis of STAI-T scores and AMH levels
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The main strength of the present study is its objectivity,
which is achieved with the use of multiple scales to assess
severity of anxiety. In addition, the BAI and STAI scales have
been shown to be reliable and valid instruments in measuring
anxiety [25]. For example, when the performance of various
self-report measures of anxiety was examined, the BAI exhib-
ited the highest correlations with severity of anxiety, favorable
discriminant validity, and a fair balance between specificity
and sensitivity with a cutoff point of 15/16 [25]. Furthermore,
both the STAI scales have demonstrated good discriminant
validity, with the “Trait” scale exhibiting greater sensitivity
and specificity for a diagnosis of anxiety compared to other
scales [25]. Another strength of the present study was its elim-
ination of factors, which have been reported to likely affect
AMH in previous studies (see “Material and Methods” sec-
tion). In contrast, the smaller sample size and broadening of
exclusion criteria represent potential limitations of the present
study. Current study is also limited by the lack of AMH levels
prior to this investigation, which would directly test if the
resulting anxiety values and AMH levels are a result of the
COVID-19 pandemic. Furthermore, a lack of information re-
garding AMH levels in healthcare professionals during other
pandemics prevented a comparison of our data with other
pandemics. An additional uncontrolled factor is the lack of
stress levels prior to current investigation, which would pro-
vide opportunity for comparison with current data.

The results of the current study suggest that low AMH
levels among healthcare professionals during the recent
COVID-19 pandemic are related to anxiety severity.
Significantly lower AMH levels were found among the indi-
viduals who received higher inventory scores. The insights
gained from these data may help elucidate the relationship
between anxiety and reproductive functions. The present find-
ings also have important implications for future studies by
demonstrating that the psychological stress induced by a
virus/infection can lead to secondary consequences. Further
research including comparison of AMH levels after wide-
spread vaccination would be beneficial to support current
findings.
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available from the corresponding author upon reasonable request.
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