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AssTrACT: The demographic crisis in Europe is growing due to an increasing proportion of couples with
fertility disorders. The purpose of this study was to examine the variability of ovarian reserve markers
with age in women with premature ovarian insufficiency (POI) and polycystic ovary syndrome (PCOS) in
relative to women with normal ovarian function. Two hormones were analyzed: anti-Miillerian hormone
(AMH) and folliculotropic hormone (FSH). This study demonstrates that AMH is a valuable indicator of
alterations in reproductive capacity. FSH is a standard marker of the hypothalamic-pituitary-ovarian axis.

We examined the reproductive status of 390 women aged 23-46 years in three groups. Ovarian
dysfunction was determined by a medical diagnosis. The study includes women with PCOS (n=154), POI
(n=40), and control group (n=196) with normal ovarian function (NOF). Blood samples were collected to
measure AMH and FSH. We used multivariate logistic regression analysis to demonstrate the relationship
between hormone levels and age in different age groups. ANOVA was used to analyze factors related to
AMH and FSH concentrations. The results confirmed that women with POI had significantly lower AMH
concentrations and higher FSH concentrations than women with normal ovarian function only in the
group of women aged 36-46 years. There were no statistically significant differences in FSH levels in
women with POI and NOF in the 23-30 and 31-35 age groups. AMH levels were higher in the PCOS
group than in women with NOF in all age groups. FSH marker did not differ compared to the control group
in women aged 23-30 and 36-46. The predictive value of AMH in the diagnosis of PCOS is significantly
higher than the commonly used FSH. The results may contribute to earlier assessment of biological status
to support reproductive chances in women with POI and PCOS.
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Introduction

European reports indicate an increasing
prevalence of infertility among couples of
reproductive age (EPAF — European Policy
Audit on Fertility 2024). The European
Society of Human Reproduction and Em-
bryology recommends setting up research
projects to improve reproductive health.
In this study, we investigated the varia-
tion of anti-Miillerian hormone (AMH)
and folliculotropic hormone (FSH) in
relation to age among women with nor-
mal and impaired ovarian function such
as premature ovarian insufficiency (POI)
and polycystic ovary syndrome (PCOS).
Endocrine regulation of the sexual cycle
determines the normal functioning of
the reproductive system. The AMH level
is a conservative indicator of reproduc-
tive potential and is therefore one of the
most stable markers of ovarian reserve.
AMH is an indicator for early diagnosis
of ovarian dysfunctions such as POI and
PCOS. In the current literature, there
are still too few data related to AMH
and FSH variability in women with POI
and PCOS. In this study, we investigat-
ed the variability of hormones in women
with ovarian dysfunction in relation to
chronological age.

The importance of AMH and FSH
in the development of ovarian reserve

Differentiation of the reproductive sys-
tem during organogenesis follows two
different pathways depending on sex
determination. The initiation of AMH
transcription is strictly controlled in
terms of location and timing. During
embryogenesis, transcription factors
regulate sex-determined pathways for
the hermaphrodite gonads (Svingen and
Koopman 2013). During the sixth week
of organogenesis, Wolff ducts differenti-

ate. Under the influence of maternal es-
trogen, paired Muller ducts are formed.
In the 10th week, in the absence of the
Y chromosome, hermaphrodite gonads
have not initiated the male pathway
program in the second trimester of preg-
nancy. Consequently, they begin differ-
entiation into ovaries by activating the
expression of Wnt4 and Rspol genes.

The Wolf ducts degenerate, and the
Miiller ducts differentiate into fallopian
tubes, the uterus and the upper vagina.
Activation of the secretion of gonadoli-
berin in the hypothalamus stimulates
the activity of the pituitary gland which,
via the gonadotropic hormones FSH and
LH, initiates the formation of ovarian re-
serve. The presence of AMH is detectable
at 24 weeks of gestation in the granulo-
sa cells of preantral follicles (Kuiri-Han-
ninen et al. 2011). The pool of ovarian
follicles formed during fetal development
will constitute the ovarian reserve of
a woman of reproductive age (Nelson
et al. 2007; Kwee et al. 2008; Blifiska and
Hejmej 2013).

Structure and function of AMH
and FSH

The reproductive period of women is
determined by ovarian reserve. The hor-
mones AMH and FSH regulate the re-
cruitment of ovarian follicles during folli-
culogenesis (La Marca et al. 2009; McGee
and Hsueh 2006). AMH is responsible for
managing the pool of follicles during their
recruitment to the preantral follicle stage.
Further follicle maturation occurs under
the control of FSH. During ovulation, an
oocyte is released from the Graaf follicle,
and the follicular phase transitions to the
luteal phase of the menstrual cycle.

AMH is a dimeric glycoprotein com-
posed of 560 amino acids. Due to the pres-
ence of a C-terminal domain, it belongs
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to the B-TGF superfamily of transforming
growth factors (Cohen-Haguenauer et al.
1987; Knight and Glister 2006; La Marca
et al. 2009). The gene encoding AMH is
located on chromosome 19p13.3.

Activation of the precursor form of
AMH determines binding to the AMHR-II
receptor and activation of the signaling
cascade in target cells through tyrosine
phosphorylation and activation of SMAD
signaling proteins (di Clemente et al.
2010).

The number of AMHR receptors and
their location are variable and dependent
on age. The AMH-receptor system and
the control of the menstrual cycle by the
hypothalamic-pituitary-ovarian ~ (HPO)
axis determine reproductive fitness from
menarche to the depletion of ovarian re-
serve. With the loss of follicles, AMH lev-
els decline and expire (Kerkhof et al. 2010;
Hagen et al. 2010; Kelsey et al. 2011; Lee
et al. 2012; Lie Fong et al. 2012).

FSH is produced by basophilic cells
of the anterior pituitary lobe under the
influence of increased gonadoliberin
(GnRH) release in the hypothalamus.
FSH in the presence of estrogen regu-
lates the formation of receptors for FSH
(FSH-R) (Macklon and Fauster 2011).
FSH affects the granulosa layer, resulting
in the growth and development of the
ovarian follicle (Skatba 2008; Gardner
and Shoback 2011). FSH also stimulates
an increase in aromatase activity, which
is essential in the conversion of andro-
gens to estrogens (Grossman et al. 2008).

FSH with androgens and non-ovar-
ian factors, controls the qualitative and
quantitative recruitment and selection
of antral follicles to the dominant follicle
stage before ovulation. A reduction or ab-
sence of FSH results in a decrease in the
number of maturing follicles (Dewailly
et al. 2016, Kumar et al. 2018).

FSH is a glycoprotein consisting of two
peptide chains a and 8. The a subunit
(89 amino acids) is characteristic of other
gonadotropins. The {3 subunit (115 ami-
no acids) defines the specificity of each of
the gonadotropic hormones (Gardner and
Shoback 2012). The gene encoding FSHR
is located on chromosome 11pl3. and
can be subject to mutations that affect
the process of steroidogenesis or follicle
recruitment in the ovary.

AMH levels reflect the secretion of
only those follicles that are vascularised.
AMH has auto- and paracrine effects.
Follicles with impaired vascularisation
are subject to atresia. At 18 weeks ges-
tation, there are approximately 7 million
follicles in the fetal ovaries (de Velde and
Pearson 2002). As a result of atresia, the
pool of ovarian follicles is reduced to ap-
proximately 1-2 million at birth.

At the time of menarche, there are
400,000 follicles in the ovaries and only
1,000 at menopause. The age of onset
of natural menopause varies by popula-
tion and in Poland falls, on average, at
51.2 years of age (Kaczmarek 2007).

POI

As the ratio of primary and primordial
follicles to the rarer pre-antral and antral
follicles change with age, AMH levels
decline and a high percentage of follicles
undergo degenerative processes. This
results in a decrease in ovarian volume
and physiological (menopause) or accel-
erated cessation of ovarian activity — POI
(Urutia et al. 2019). In women with POI,
AMH levels decreased with age in all
analyzed age groups.

Endocrine and metabolic abnormal-
ities related to the HPO axis may con-
tribute to POI. Elevated FSH levels are
a response to poor follicular development
during folliculogenesis. Too low estrogen
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levels affect increased FSH secretion,
causing a change in the ratio of LH to
FSH, a decrease in the level of sex hor-
mone-binding globulin, and consequent-
ly a disruption of ovulation or the occur-
rence of non-ovulatory cycles.

PCOS

The negative impact of both endogenous
and exogenous factors has been identified
as a potential cause of PCOS. This en-
docrinopathy, which is most commonly
diagnosed among women of reproductive
age, is characterized by high AMH and
androgen levels. The excess hormones
block the passage of follicles to the next
stage of development. There is an accu-
mulation at the preantral and early antral
stages (Carlsen et al. 2009; Cessar et al.
2014; Pigny et al. 2003; Piltonen et al.
2005; Eldar-Geva et al. 2005; Homburg
et al. 2013; Tal et al. 2014). In patients
with PCOS, an increase in granulosa layer
mass was observed in the granulosa cells
of ovarian follicles. Increased AMH re-
lease by granulosa cells affects the cells
of the inner follicle sheath, disrupting
the conversion of androgens to estrogens.
This causes hormonal imbalance and
promotes the onset of PCOS symptoms
(Ingraham et al. 2000). One of them is
the difficulty of achieving pregnancy.

Material and methods

Participants

A total of 390 women were included in
the study after giving voluntary and writ-
ten consent to participate. The study
was conducted in the period 15.07.2015
- 31.06.2016. The study group consisted
of women aged 18-46 years without gen-
eral medical treatment for at least one
month prior to participation in the pres-
ent study.

Accepted exclusion criteria are preg-
nancy and breastfeeding, cancer, endo-
crine disease, hormone therapy, hormo-
nal contraception, removed uterus or
ovary, thyroid disorders, and abnormal
prolactin levels.

Based on clinical diagnosis, women
were allocated to three groups: PCOS
(n=154), POI (n=40), and a group with
NOF (n=196). The control group con-
sisted of women who had no abnormal-
ities in reproductive function and came
to the clinic because of problems occur-
ring on their partner’s side. The group
was divided into three age cohorts:
23-30, 31-35, and 36-46 years. Serum
AMH and FSH levels were determined
using the ECLIA immunoassay method
in the laboratories of the Department of
Infertility and Reproductive Endocrinol-
ogy of the GPSK UM in Poznan and the
InviMed European Motherhood Centre
in Wroctaw. Three categories of ovarian
function were determined in the study:
NOE POI, and PCOS, and an indica-
tor was adopted — serum AMH levels
in the reference range for NOF women:
1.0-3.2 [ng/ml], POI < 1.0 [ng/ml] and
PCOS > 3.2 [ng/ml]. The reference val-
ues for hormones were established in
accordance with the prevailing laborato-
ry guidelines at the time of the study.
The study was conducted in a clinical
department with the approval of the di-
rector of the Department of Gynaecolo-
gy, Obstetrics, and Gynaecological On-
cology, University of Medical Sciences,
Poznan and accepted by the local Bio-
ethics Committee.

Collection of material
The object of quantitative analysis is blood
serum. For the determination of AMH
and FSH profiles, a single blood sample
was taken under ambulatory conditions.
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Due to the variability in the menstrual
cycle, FSH was determined from a blood
sample taken in the morning, fasting, on
days 2-3 of the menstrual cycle.

Statistical analysis
The data obtained from the surveys were
subjected to statistical analysis in the pro-
gram package STATISTICA 13.3 statis-
tics (StatSoft, Inc., 2014). The number of
categories for each factor was determined
by the value n, which corresponds to the
frequency of hormone determinations of
the hormone study. A significance level
of p < 0.05 was used. Sociodemographic
status data and their number and percent-
age were included in the basic descriptive
statistics. Relationships between categori-
cal variables were compared using the y2
test. The quantitative variables included
in the groups were described by mean =+
standard deviation (SD). ANOVA test was
used to assess differences between groups.
The effect size was evaluated using partial
eta squared (n2) and classified as: no effect
= 0 to 0.039, minimum effect = 0.04 to
0.24, moderate effect = 0.25 to 0.63, and
strong effect = = 0.64. Regression and
r-Pearson correlation analysis were used
to assess the degree of association be-
tween hormone concentrations and mod-
ulating factors. The mean age of wom-
en with POI= 35.9 (+4.4) years, with
PCOS=33.2 (+4.2). Of the 461 women,
71 did not consent to participate in the
study or were over the age of 46 years.
Mean baseline AMH levels in women
with POI and PCOS were 0.56 (+0.3) ng/
ml and 6.84 (+£6.08) ng/ml, respectively.
Mean FSH levels on cycle day three were
3.62 (£11.30) mlU/ml for POI and 6.04
(+1.79) mlU/ml for PCOS. Women were
divided into three age cohorts: 23-30, 31—
35, and 36-46 years. Most women with
POI (60%) were aged 36-46 years with

mean values of AMH 0.49 (+0.32) ng/ml,
FSH taken on day three of menstrual cycle
10.96 (£14.42) mlU/ml. Most women
with PCOS (44.81%) within the 31-35
age range exhibited AMH levels. The
study revealed that most women with
PCOS (44.81%) within the 31-35 age
range exhibited AMH levels of 6.76 ng/ml
(+4.04), FSH 10.96 mlU/ml (+1.61). In
women with PCOS, AMH levels demon-
strated a statistically significant increase
with age, reaching a peak in the 36-46
years age group. The mean FSH value
(5,94+1,65 - 6,10+1,61) in women with
PCOS remained consistent across all age
groups, demonstrating no correlation
with age.

Results

Characteristics of women with regard
to ovarian function status

To trace the changes associated with de-
pletion of ovarian reserve in women with
normally functioning ovaries, the study
group was divided into three age ranges:
23-30, 30-35, and 36-46 years. The di-
vision adopted provided for the compar-
ison of parameters describing the condi-
tion of ovaries with POI and PCOS with
the NOF group and to assess changes
with age. Among women with PCOS,
the largest group was between 31 and 35
years (45%). The number of youngest and
oldest women was identical (27,5%).

The smallest number of women
with NOF was in the 23-30 years group
(18.4%). The ranges 31-35 (40.3%) and
36-46 (41.3%) years had similar num-
bers. Due to the accelerated loss of ovar-
ian follicles in women with POI, the age
of menopause will shift and occur earli-
er than the median age of physiological
menopause in Poland of 51.25 years
(Kaczmarek 2007).
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Variation in AMH and FSH levels among
women with POI, PCOS, and NOF
The result of comparing the mean AMH
concentration values in the impaired
(POI, PCOS) and normal (NOF) groups
indicated a significant difference between
the groups (p< 0.01). A similar result was
obtained when comparing the mean val-
ues of FSH concentrations in the study

groups (p<0.01).

The regression analysis performed
to determine the age-dependent varia-
bility of AMH and FSH concentrations
revealed the differences between mean

hormone concentrations in subjects with
POI and PCOS compared to the NOF
group in all age categories (Fig. 1). Re-
sults showed a negative correlation be-
tween age and AMH levels in the NOF
group (r = -0.31, p < 0.05). A similar re-
sults was observed in women with POI,
where the decline in hormone levels with
age was even more evident (r -0.40,
p < 0.05). In the PCOS group, there was
no significant association between mean
AMH levels and age (r = -0.01; p>0.05),
where the concentration of the hormone
under study remained stable.

NOF POI PCOS
3 «
AMH I s
i in 1 13 b
.. " s
: S=c oSN ERE
. BE RSN SRR
,. " T 3
T e e s s 8 v o3 W = T e W W e e e e e
age ag= Age
NOF: AMH decrease with age POI: AMH decrease with age PCOS:AMH does not decrease with age
(r=-0.307, p<0.05) (= -0.398, p<0.05) (r =-0.012 N5)
FSH - ;
i

NOF:FSH does not decrease with age
(r=0.062; NS)

POI:FSH does not decrease with age
(r=0.179; NS)

E I T )
.

PCOS:FSH does not decrease

with age (r= 0.029; NS)

Figure 1. Variability of AMH and FSH levels among women with NOE POI and PCOS

*NOF-normal ovary function; POI-premature ovarian insufficiency; PCOS-policistic ovarian syndrome;

NOF: normal ovarian function

Regression analysis indicated a lack
of association between FSH concentra-
tions and age in both women in the ovar-
ian dysfunction groups: POI (r=0.18;
p>0.05) and PCOS (r=0.03; p>0.05),

as well as control (r = 0.06; p>0.05).
While not statistically significant, the
regression model for the POI group in-
dicates that there is a tendency for FSH
levels to increase with age. In women
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with NOEF there was a statistically signif-
icant inverse correlation between age and
AMH concentrations (p<0.01), which is
consistent with the physiological norm.
Conversely, the analysis demonstrated
that FSH concentrations remained stable
across all age ranges (p>0.05).

In the POI group, FSH levels also did
not change with age (p>0.05), while the
results showed a negative correlation in
relation to AMH levels and age (p<0.05).
Furthermore, it was observed that the old-
est group of women (60%) had critically
depleted ovarian reserve compared to the
youngest and middle group. A comparison
of mean AMH levels showed that in the
23-30 years group, POI women had lower
AMH levels than NFO women at the
same age (0.72%0.20 vs. 2.42+0.69g/ml).

However, there was no statistical sig-
nificance (p>0.05) in the analysis of mean
AMH levels between women in the POI
31-35 years group and the NFO group.
Also, the comparison of predictor levels
between POI and NFO in the 36-46 age
range did not show statistical significance
(p>0.05), although a clearer downward
trend was observed in POI women.

AMH analysis in a group of women
with POI in three age ranges: 23-30,
31-35 and 36-46 years showed that se-
rum AMH levels observed in the young-
est group of women were approximately
threefold lower than those observed in
the NOF group.

A comparable outcome was observed
in the 31-35 age group, wherein the mean
AMH concentration among women with
POI was also threefold lower in compar-
ison to the control group. The observa-
tion in the oldest group confirmed that
the mean hormone level in women with
POI aged 36-46 years was already four
times lower compared to women with
NFO of the same age. The linear decrease

in AMH levels in POI women relative to
NFO women with age was observed.

A certain limitation of the variable
testing was the slightly lower number
of POI women compared to the other
groups, however, despite not reaching
statistical significance (p>0.05), the ob-
servation of a trend was as expected.

The observation of AMH variability
with age is confirmed by the negative
correlation with FSH in the age ranges
analyzed.

The analysis of mean FSH levels in
women between the ages of 36 and 46
with POI confirms the elevated mean con-
centration in the NOF group. The mean
FSH level is 1.5 times higher than that
observed in the control group (p<0.05).
There was no significant difference
(p>0.05) in FSH levels when comparing
the POI and NOF groups of women aged
31-36 years and the youngest group.

In women with PCOS, no correlation
was identified between AMH concen-
tration and age across all age categories
examined (p>0.05). A similar result was
obtained in the analysis of FSH, which
indicated that there was no relationship
between the concentration of this hor-
mone and age (p>0.05) in women with
PCOS. The obtained values of mean
AMH and FSH levels in the three age
groups according to the ovarian function
status of POI, PCOS, and NOF are pre-
sented in Table 1.

Analysis of hormone concentrations
in the NOF women group for each age
category showed that AMH levels as-
sumed the highest value in the 23-30
years group and decreased linearly with
age. In contrast, FSH levels were higher
in women aged 31-35 years compared
to the younger group and then decreased
slightly in the NOF 36-46 years group.
AMH levels in women with POI, as in
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the control group, successively decreased
with age, reaching the lowest level in the
oldest group of subjects. The concentra-
tion of FSH in the group of women with

POI showed some fluctuations, as its val-
ue decreased in the middle age range and
then increased sharply in the 36-46 age
range.

Tablel. A comparative analysis of AMH and FSH concentrations between groups of women: POI vs. NOF

and PCOS vs. NOF depending on age category

Age xl-)_'-OSID XNiOSI;D ):) SCS)]SD P-Value n2
23-30 0.718 = 0.20 2.425 £ 0.69 6.182 = 3.49 NS@; <0.01°® 0.69
1[?11211;111] 31-35 0.638 = 0.26 2.092 £ 0.62 6.762 = 4.04 NS@; <0.01°® 0.71
36-46 0.491 = 0.32 1.855 = 0.59 7.465 = 9.81 NS ¢; <0.01°" 0.72

23-30 7.690 = 2.13 6.480 £ 1.57 5.944 £ 1.65 NS#; NS*? -
FnslﬁJ/ml] 31-35 7.491 = 1.98 7.510 £ 3.89 6.103 = 1.61 NS¢ <0.01° 0.41
36-34 10.965 + 1442 7.223 +2.12 6.000 = 2.27 <005 %; NS*® 0.33

Date expressed as mean =+ standard deviation. p-Value was considered statistically significant. AMH: an-

ti-Miillerian hormone, FSH: follicle stimulating hormone, POI: premature ovarian insufficiency, PCOS:

PCOS-polycystic ovarian syndrome; NOF: normal ovarian function; a Comparison between POI and
NOF, b Comparison between PCOS and NOF; NS: nonsignificantly different.

There was a significant difference
in the comparison of AMH concentra-
tions in women with PCOS and NOF
according to age. Analysis of mean
AMH concentration values in the NOF
group by age range showed a tendency
towards a physiological decrease in se-
rum levels of the hormone, which was
not confirmed in women with PCOS in
the three age groups, where AMH val-
ues were increasing with age reaching
the highest value in the oldest women
(p<0.01). In the PCOS group, FSH lev-
els remained constant in all age catego-
ries (5.94+1.65 - 6.10£1.61 mlU/ml)
and did not differ with respect to mean
FSH values in PCOS women in the
youngest and oldest groups. Analysis
showed a significant difference in FSH
levels only in the 31-35 years catego-
ry when comparing PCOS and NOF
women (p<0.01).

Discussion

The results of this study show that the pro-
portion of women with PCOS is increasing
and POI is observed in increasingly young-
er patients. The observed trend of late
motherhood is increasingly unsuccessful
due to the depletion of the ovarian reserve.
The pool of ovarian follicles formed during
prenatal development represents the repro-
ductive potential of a woman of reproduc-
tive age until completely exhausted.

A growing number of studies point to
the high predictive value of AMH and its
role in the management of ovarian fol-
licle resources (Lambert-Messalian et al
2016; Pankhurst et al. 2017; Pankhurst
et al. 2016; Pankhurst 2019; Urrutia
et al. 2019; Sova et al. 2019).

Early preventive diagnosis is an es-
sential tool for monitoring reproductive
health. In the present study, the concen-
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trations of the ovarian reserve markers
AMH and FSH were assessed in women
with POI and PCOS compared to the
NOF group over age. The analysis in this
study showed that the age of the patients
is the primary determinant affecting re-
productive potential. Progressive involu-
tion of the gonads and a decrease in their
endocrine activity results in impaired
functioning of the hypothalamic-pitui-
tary-ovarian axis (Kaczmarek and Wolan-
ski 2018, Lambalk et al. 2009).

Changes in AMH and FSH concentra-
tions indicate an increase in the rate of
ovarian follicle loss by reversing the ra-
tio of growing to primordial follicles. The
present study showed that AMH concen-
trations in women with NFO in the three
age ranges 23-30,31-35 and 36-46 years
differed significantly, although these
findings were not supported by the FSH
levels, where the expected upward trend
in the oldest women was not observed.
The results obtained from the AMH
analysis were in line with the findings re-
ported in other studies (Bragg et al. 2012,
Pankhurst et al. 2016).

Studies still under-represent results
with the age category, which determines
physiological norms for AMH and other
sex hormones (Hambridge et al. 2013).

The regression analysis presented in
this paper indicates that there is a linear
decrease in AMH levels with age, while
FSH fluctuations are less pronounced,
particularly in women with ovarian dys-
function (Kumar et al. 2010; Randolph
et al. 2014).

Similar results were reported by Visser
and Themmen (2014) where the high pre-
dictive value of AMH for ovarian reserve
was confirmed. A study by Pawelczyk and
team (2003) showed that age determines
the increased risk of reproductive disor-
ders, such as POI and PCOS. The AMH

regression analysis conducted in this
study showed that POI women 23-30
years of age had significantly lower ovari-
an reserve than the NOF group. The dif-
ferences in AMH levels in POI women,
compared to the control group in subse-
quent age ranges, was statistically nonsig-
nificant, albeit marked. Pankhurst (2017)
conceptualized the role of AMH-mediat-
ed regulatory mechanisms in the primary
activation of ovarian follicles to preserve
fertility for as long as possible. According
to the researcher, women with high ovar-
ian reserve have efficient mechanisms
to inhibit follicle loss in the ovaries. In
women with POI, low concentrations of
AMH accelerate the recruitment of pri-
mary ovarian follicles, which improves
reproductive fitness but over a relative-
ly shorter period of time compared to
women with normal ovarian function.
This is the cost of maintaining fertility in
women with POI. The concept presented
by Pankhurst and team is supported by
the results of the present study. The re-
duction in AMH levels and the decline in
concentration with age indicate that the
reproductive capacity period in POI will
be shorter than that observed in women
with NFO.

The results obtained from the analy-
sis of AMH levels in women with POI
are consistent with the study by Urrutia
et al. (2019).

In women’s POI, the relatively limited
but fruitful reproductive period is followed
by the cessation of ovarian function and
the onset of premature menopause. AMH
is the main factor modulating the process
of inhibition in women of NOF or accel-
eration of follicle recruitment in the case
of POI (Pankhrust 2017). The observed
strategy promotes the optimization of the
management of reproductive potential
during a woman’s reproductive period.
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Further research is needed to clarify
the relationship between AMH symp-
toms and PCOS. Hormonal stability
in the ovarian follicle is determined by
a number of factors related to the regula-
tion of trophic transitions such as FSH. In
order to more accurately examine ovarian
activity in the present study, in addition
to the AMH marker, a second indicator
standardly used to assess ovarian activ-
ity — FSH. It remains negatively associ-
ated with AMH (p<0.05) (Pigny et al.
2003) which supports findings reported
by Sowers et al. (2010). The researchers
conducted an analysis of ovarian reserve
marker concentrations in 20 irregularly
menstruating women between 20 and 30
years of age, which did not show a physi-
ological pattern of ovarian aging consist-
ent with chronological age.

The present study showed that the
sensitivity of the standard marker FSH
was significantly lower than AMH in
women with PCOS. The analysis of
AMH levels in the PCOS group showed
a high diagnostic value in all age cate-
gories indicating a significant difference
compared with the control group. The
results obtained are in line with the
results of other researchers who rec-
ommend AMH as a diagnostic tool for
PCOS (Ray et al. 2012, Vale-Fernandes
et al. 2023, Meczekalski et al. 2016, Liu
et al. 2022). The comparison of mean
FSH levels only in women 31-35 years
with PCOS and PFJ showed a statistical-
ly significant difference which supports
the higher sensitivity of AMH as an
indicator of ovarian reserve. Sova et al.
(2019) also showed a negative correla-
tion between AMH and FSH levels in
a group of women with PCOS (n=319)
and healthy women (n=96) where the
mean age was 28.1 years. FSH levels
were not significantly different between

the PCOS and control groups. The
mean values of AMH levels indicated
a difference at a high level of signifi-
cance in both study groups (Sova et al.
2019). This result is consistent with the
results obtained in this study, where the
study group was included in three age
categories due to the determining effect
of chronological age on the physiological
norm of AMH and FSH concentrations
in NOF women.

This methodology permitted a more
precise examination of the fluctuations
in mean AMH and FSH levels in a co-
hort of women with impaired ovarian
function, including those with POI and
PCOS, while controlling for age. The
results obtained by Grossman et al.
(2008) indicated an increase in AMH
levels in women with PCOS in the
study group at the age of 28-37 years,
which was also confirmed by the anal-
yses in the present study. The survey
conducted in this study had several lim-
itations. The study focused on women
from two regions of Poland, despite the
large sample size, it is worth expanding
the project to other regions of the coun-
try. The study included several variables
affecting AMH and women’s reproduc-
tive status while future projects will re-
quire the inclusion of several other var-
iables such as stress, lack of exercise,
poor diet, overweight or diseases of the
genitourinary system.

Conclusions

The findings of our study show that
chronological age is a significant pre-
dictor of AMH levels and, as a result, of
women’s reproductive potential. These
findings suggest that AMH is more re-
sponsive to age-related changes than
the conventional ovarian reserve marker
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FSH. Furthermore, the high predictive
value of AMH for ovarian dysfunction
was shown, particularly in the context
of PCOS, where abnormalities were ob-
served as early as age 23-30, while the
FSH marker demonstrated insufficient
sensitivity. Ovarian dysfunctions, such
as POI and PCOS, can result in fertili-
ty issues. However, early diagnosis using
anti-Mullerian hormone (AMH) testing
can improve the likelihood of a success-
ful pregnancy.
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