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Abstract

Introduction. Subclinical hypothyroidism often goes undiagnosed due to the absence of
pronounced clinical symptoms. However, even minimal thyroid hypofunction can have a neg-
ative impact on a woman’s reproductive function, including ovarian reserve and the success of
in vitro fertilization (IVF) programs.

Materials and Methods: The study included women with endocrine infertility against
a background of hypothyroidism. The patients were divided into groups: Group 1-women with
hypothyroidism of autoimmune etiology (n=39); Group 2-women with hypothyroidism with-
out autoimmune thyroiditis (n=49). The control group consisted of women of reproductive
age without thyroid dysfunction (n=20). To assess ovarian reserve, anti-Miillerian hormone
(AMH) and inhibin B levels were measured on days 3—5 of the menstrual cycle, and antral
follicle count was performed. Additionally, levels of TSH, free T4, antibodies to TPO and TG,
and prolactin were assessed.

Results: Patients with hypothyroidism showed a statistically significant decrease in AMH
and inhibin B levels compared with the control group (p<0.05). TSH levels were higher in the
presence of autoimmune thyroiditis. In patients who became pregnant, inhibin B levels were
statistically significantly higher (p<0.001). Conclusion. Hypothyroidism is associated with a de-
crease in ovarian reserve. Inhibin B is an informative prognostic marker of the effectiveness of
IVF programs. The likelihood of pregnancy in patients with hypothyroidism is associated with
higher levels of AMH and inhibin B.

Keywords: hypothyroidism, autoimmune thyroiditis, infertility, ovarian reserve, AMH,
inhibin B, TSH, IVF
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Introduction

In modern reproductive medicine, signif-
icant attention is paid to assessing the impact
of thyroid function on the effectiveness of
assisted reproductive technologies. In clini-
cal practice, when analyzing the outcomes of
ART programs, indicators such as estradiol
levels on the day of ovulation induction, the
number of oocytes retrieved, their degree of
maturity and fertilization potential, as well as
implantation rates, clinical pregnancy rates,
and live birth rates are considered. Never-
theless, research findings in this area remain
inconsistent and do not allow for defini-
tive conclusions (UnuaneD., Velkeniers B.,
Bravenboer B., Drakopoulos P., Tournaye H.,
ParraJ., De Brucker M., 2017).

Ovarian reserve plays a special role in
predicting treatment efficacy. Anti-Miillerian
hormone and inhibin B are most commonly
used to assess it; however, their relationship
with thyroid function has not been sufficient-
ly studied. At the same time, there is evi-
dence suggesting a possible role for thyroid
hormones in regulating the processes that
determine the quantitative and qualitative
characteristics of oocytes, which in turn de-
termines the subsequent outcomes of ART
(Practice Committee of the American Society
for Reproductive M., 2015).

Studies at the molecular and cellular lev-
els have shown that thyroid hormone recep-
tors are widely expressed in structures of the
female reproductive system, including gran-
ulosa cells and oocytes. This indicates the
direct involvement of thyroid hormones in
the regulation of folliculogenesis. It has been
established that changes in their concentra-
tion, even within the reference range, can
influence the action of follicle-stimulating
hormone, enhancing follicle growth and re-
ducing the severity of apoptosis. In contrast,
elevated levels of thyroid hormones may have
an adverse effect, reducing aromatase activi-
ty in granulosa cells and disrupting the de-
velopment of preantral follicles (Birjandi B.,
Ramezani TehraniF., Amouzegar A., Tohi-
diM., Bidhendi YarandiR., AziziF., 2021;
Korevaar T. .M., Minguez-Alarcon L., Mes-
serlian C., de Poortere R.A., WilliamsP. L.,
Broeren M. A., Hauser R., SouterI. C., 2018).

The regulatory influence of thyroid
hormones is also mediated through the
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hypothalamic-pituitary-ovarian axis. They
participate in the control of ovulation, en-
sure optimal conditions for implantation,
and influence the early stages of embryonic
development. Thyroid imbalance may be ac-
companied by a decrease in ovarian reserve,
deterioration in oocyte quality, and a reduced
likelihood of pregnancy (KorevaarT.I.M.,
Minguez-Alarcon L., Messerlian C., de Poor-
tereR.A., WilliamsP.L., Broeren M.A.,
Hauser R., SouterI.C., 2018; Weghofer, A.,
Barad, D.H., Darmon, S. et al., 2016).

Clinical data indicate that subclinical hy-
pothyroidism and autoimmune thyroid dis-
eases are more commonly detected in women
with infertility than in the general popula-
tion. This confirms the significance of thyroid
dysfunction as one of the factors affecting re-
productive potential.

Thus, endocrine disorders associated with
thyroid pathology play a significant role among
the causes of female infertility and require fur-
ther study from the perspectives of both clini-
cal practice and the fundamental mechanisms
regulating reproductive function.

However, the effect of hypothyroidism on
markers of ovarian reserve (anti-Miillerian
hormone (AMH) and inhibin B) has not been
sufficiently studied.

The aim of the study was to investigate
the effect of thyroid hormones on ovarian
reserve and pregnancy outcomes in women
with endocrine infertility due to hypothy-
roidism undergoing IVF treatment.

Materials and Methods

The study included women with endocrine
infertility due to hypothyroidism who were un-
dergoing treatment using in vitro fertilization
(IVF) programs. The patients were divided into
two groups based on the presence of autoim-
mune thyroiditis. Group 1 consisted of women
with autoimmune hypothyroidism (n=39), and
Group 2 consisted of women with hypothyroid-
ism without autoimmune thyroiditis (n=49).
Within each group, subgroups were identified:
those who achieved pregnancy (IVF+) and
those who did not achieve pregnancy (IVF-).
The control group consisted of women of re-
productive age with tubal-peritoneal infertility
without thyroid dysfunction (n=20).

Anti-Miillerian hormone (AMH), FSH
concentration, and serum inhibin B levels

163 THE EFFECT OF HYPOTHYROIDISM ON THE OUTCOMES OF IN VITRO



The Austrian Journal of Technical
and Natural Sciences, 2026 No 3-4

were measured on days 3-5 of the unstim-
ulated menstrual cycle. The antral follicle
count (AFC) was defined as the sum of an-
tral follicles in both ovaries, measured by
transvaginal ultrasound in the early follicular
phase. Women with multifollicular ovaries,
with an AFC >20 on either the left or right
side, or with ovaries that were difficult to vi-
sualize, were excluded from the analysis.

To assess thyroid status, the patients’ levels
of thyroid-stimulating hormone (TSH), free
T4, free T3, anti-TPO antibodies, and anti-thy-
roglobulin antibodies were measured. Statisti-
cal analysis of the results was performed using
Student’s t-test; differences were considered
statistically significant at p < 0.05.

Results

The age range of the patients was 20 to
45 years. The mean age of the patients was
33.1 £ 3.2 years. Body mass index (BMI) was
within the normal range at 23.5 + 2.6. Anal-
ysis of the infertility pattern showed that pri-
mary infertility predominated in both groups
of patients with hypothyroidism: 65.9% in
Group 1 and 61.8% in Group 2. In the control
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group, by contrast, all patients had second-
ary infertility, which was due to the specific
characteristics of the control sample.

The average duration of infertility in pa-
tients with hypothyroidism was virtually the
same in both groups and amounted to 5.9 + 0.9
and 5.9 + 0.7 years, respectively, whereas in the
control group it was lower-4.03 + 1.2 years.

Analysis of clinical symptoms showed
(Table 1) that in patients with hypothyroid-
ism, regardless of the presence of an autoim-
mune component, complaints characteristic
of thyroid insufficiency predominated. The
most frequently reported symptoms were
general weakness, dry skin, hair loss, and
psychoemotional lability, reflecting the sys-
temic effects of thyroid hormone deficiency.

An analysis of clinical symptoms revealed
that, regardless of the presence of an auto-
immune component, patients with hypothy-
roidism predominantly reported complaints
characteristic of thyroid insufficiency: gen-
eral weakness (73.9% and 83.8% in groups
1 and 2, respectively), dry skin and hair loss
(69.6% and 75.7%, respectively), and psy-
choemotional lability (86.9% and 93.2%).

Table 1. Clinical symptoms in women with endocrine infertility due to hypothyroidism

Group 1 (AIT+), n=39

Group 2 (AIT-), n=49

Abs % Abs %
General weakness 28 71,8 £ 6,5 41 83,7+ 4,2
Dry skin 27 69,2 + 6,8 37 75,5+ 5,0
Brittle nails 10 25,6 £ 6,5 11 229+49
Hair loss 27 69,2 + 6,8 37 75,5+ 5,0
Drowsiness 7 17,9 £ 5,8 7 14,3 + 4,1
Cold intolerance 10 25,6 + 6,5 14 28,6 + 5,2
Headache 12 30,7 £ 6,9 21 42,8 £ 5,7*%
Psychoemotional lability 34 87,1+5,0 46 93,8 + 2,9*
Memory impairment 6 15,4 +5,3 8 16,3 + 4,3
Constipation 9 23,1+6,3 15 30,6 + 5,3
Increased blood pressure 4 10,2 + 4,6 5 10,2 + 3,6
Edema 2 5,1+3,6 4 8,1+32
Weight gain 3 7.7 +4,2 4 8,1+3,4

Note: * — differences are statistically significant between the groups (p < 0.05)

A comparative analysis revealed that
headaches were significantly more common
in the group without AIT (43.2% vs. 32.6%;
p<0.05) and psychoemotional lability (93.2%

vs. 86.9%; p<0.05) were significantly more
common in the group without AIT, which
may reflect a more pronounced influence of
vascular and metabolic factors in this form of
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hypothyroidism. No intergroup differences
were found for the remaining symptoms —
chilliness, constipation, sleep disturbances,
and edema (p>0.05)—which indicates the
similarity of the clinical picture of hypothy-
roidism regardless of its etiology and under-
scores the necessity of mandatory laboratory
confirmation of the diagnosis.

It is known that in women, thyroid dys-
function is often associated with menstrual cy-
cle disorders. Hypothyroidism affects the reg-
ulation of the hypothalamic-pituitary-ovarian
axis and can lead to changes in the duration
and nature of the menstrual cycle (MC).

Analysis of menstrual function revealed
statistically significant differences between
groups. A normal menstrual cycle was ob-
served significantly less frequently in pa-
tients in Group 1 (34.8%) compared with
Group 2 (59.5%) and the control group (60%;
p<0.05). The most pronounced differences
were found regarding opsomenorrhea: in the
AIT group, it was recorded in 47.8% of pa-
tients, which was 2.5 times higher than the
rates in the second and control groups (18.9%
and 15.0%, respectively; p<0.01). Amenor-
rhea was observed exclusively in patients in
the first group (8.7%), indicating the most
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pronounced disruption of hypothalamic-
pituitary-ovarian regulation when hypothy-
roidism is combined with AIT. The overall
frequency of menstrual cycle disorders was
52.0% in the first group, 43.0% in the second,
and 25.0% in the control group, which con-
firms the pathogenetic role of thyroid dys-
function in menstrual cycle regulation and is
consistent with the data of G. Krassas et al.

The identified changes suggest that thy-
roid dysfunction may have a significant
impact on menstrual cycle regulation. In
the group of patients with hypothyroidism
against a background of AIT, a more pro-
nounced tendency toward a prolonged men-
strual cycle was observed, which may reflect
disturbances in the hormonal regulation of
the reproductive system compared to the
group of women with hypothyroidism with-
out AIT. Consequently, the presence of AIT
in women with hypothyroidism can be con-
sidered an additional factor contributing to
the development of anovulatory cycles and
a decrease in reproductive potential.

To provide a clearer picture of the preva-
lence of menstrual cycle disorders among the
patients surveyed, the overall incidence of
menstrual dysfunction was analyzed (Fig. 1).

Figure 1. Prevalence of menstrual cycle disorders in women
with endocrine infertility and hypothyroidism

52.20%

1 group
O irregular MC

It was found that menstrual cycle disor-
ders were most frequently detected in pa-
tients in Group 1, in 52% of cases. In Group
2, this figure was 43.0%, and in the control
group, 25.0%. The results indicate a high-
er frequency of menstrual dysfunction in
women with hypothyroidism, especially in
the presence of an autoimmune compo-
nent.

2 group
Enormal MC

43,20%
25%

control group

Analysis of thyroid status showed that
TSH levels in patients with hypothyroid-
ism were significantly higher than those
in the control group. Thus, in Group 1, the
TSH level was 6.1 + 0.8 mIU/mL, which
was nearly 2.5 times higher than in the con-
trol group (2.4 £ 1.5 mIU/mL; p < 0.01). In
Group 2, TSH levels also remained elevated
(5.5 £ 0.6 mIU/mL), but were significantly
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lower than in Group 1 (p < 0.05), which may
indicate more pronounced thyroid dysfunc-
tion in the presence of an autoimmune com-
ponent (Table 2).

There was no statistically significant dif-
ference in free T4 levels between the study
groups (p > 0.05), indicating a predominance
of subclinical hypothyroidism among the pa-
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tients examined. The most pronounced dif-
ferences were observed in the analysis of an-
tithyroid antibodies. In Group 1, the level of
anti-TPO antibodies was 181.8 + 26.8 IU/mL,
which was more than 19 times higher than the
values in Group 2 (9.5 + 1.1 IU/mL) and the
control group (10.7 + 3.7 IU/mL) (p < 0.01).

Table 2. Hormonal status indicators of women with
endocrine infertility and hypothyroidism

Parameter Group 1 (n=39) Group 1l (n=39) Group 1l (n=39)
TSH, mIU/mL 6.1+0.8 5.5+0.8 2.4+1.5%
T4, pmol/L 12.1+£1.9 11.4+2.7 12.24+2.8
Anti-TPO, IU/mL 181.8+26.8 9.5+1.1%* 10.74+3.7%*
Anti-TG, IU/mL 186.2+27.5 27.243.2%* 28.6+7.5%*
Prolactin (PRL), ng/mL 59.9+8.8 51.5+6.0% 7.4+1.1%%
AMH, ng/mL 1.9+0.3 1.8+0.2 3.3+1.6*

Note: * — statistically significant differences between Group 1 and Group 2 (p < 0.05);
** _ statistically significant differences between Group 1 and the control group (p < 0.01)

A similar trend was observed for anti-thy-
roglobulin antibodies: in Group 1, their level
reached 186.2 + 27.5 IU/mL, which was 6—
—7 times higher than in Groups 2 and the
control group (p < 0.01). The obtained data
confirm the pronounced autoimmune nature
of thyroid gland involvement in patients of
the first group.

Analysis of prolactin levels showed that pa-
tients with hypothyroidism exhibited marked
hyperprolactinemia. In Group 1, the prolactin
level was 59.9 + 8.8 ng/mL, and in Group 2, it
was 51.5 + 6.0 ng/mL, which was 7—8 times
higher compared to the control group (7.4 +
1.1 ng/mL; p < 0.01). At the same time, pro-
lactin levels were significantly higher in group
1 than in group 2 (p<0.05), which may reflect
more pronounced neuroendocrine distur-
bances in the combination of hypothyroidism
with autoimmune thyroiditis.

A comparison of ultrasound and laborato-
ry data revealed certain patterns. Specifically,
patients with pronounced structural changes
in the thyroid gland (diffuse and nodular goi-
ter) were more likely to have elevated levels of
TSH and antithyroid antibodies, particularly
in the group with autoimmune thyroiditis.

The correlation analysis revealed statisti-
cally significant associations between thyroid
ultrasound characteristics and indicators of

thyroid status. It was found that thyroid vol-
ume positively correlated with TSH levels
(r=0.3; p<0.05), reflecting a tendency for the
gland to enlarge as thyroid insufficiency pro-
gresses. However, this association was weak,
indicating that the development of structural
changes in the thyroid gland is multifactorial.

More pronounced correlations were
found between thyroid volume and levels of
antibodies to thyroid peroxidase (r = 0.4; p
< 0.01), as well as antibodies to thyroglobu-
lin (r = 0.35; p<0.05), indicating a significant
influence of autoimmune processes on the
structural remodeling of thyroid tissue.

Analysis of individual ultrasound findings
revealed that the presence of diffuse thyroid
changes was significantly associated with
elevated AT-TPO levels (r=0.45; p<0.01),
whereas nodular formations were more fre-
quently detected with elevated AT-TG lev-
els (r=0.32; p<0.05). Heterogeneity of the
thyroid gland structure also demonstrated
a weak positive correlation with TSH levels
(r=0.28; p<0.05).

Thus, in patients with hypothyroidism,
especially in the presence of autoimmune
thyroiditis, more pronounced thyroid status
abnormalities are detected, characterized by
elevated TSH levels, a significant increase
in antithyroid antibodies, and hyperprolac-

166 THE EFFECT OF HYPOTHYROIDISM ON THE OUTCOMES OF IN VITRO



The Austrian Journal of Technical
and Natural Sciences, 2026 No 3-4

tinemia. The data obtained confirm that the
autoimmune component is a key factor that
exacerbates endocrine disorders and poten-
tially affects reproductive function.

When assessing ovarian reserve based on
anti-Miillerian hormone levels, a decrease
was observed in women with hypothyroid-
ism in both groups compared to the control
group, indicating a reduction in ovarian re-
serve in this condition. At the same time,
AMH levels were higher in patients who be-
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came pregnant than in those who did not,
although statistically significant differences
were found only in the second group of pa-
tients (p<0.05).

Analysis of inhibin B levels on days 3-5
of the menstrual cycle revealed statistically
significant differences between the IVF+ and
IVF— subgroups. In patients who became
pregnant, inhibin B levels were significantly
higher compared to those who did not be-
come pregnant (p<0.001).

Table 3. Ovarian reserve indicators and IVF outcomes depending on autoimmune status

Group 1 (AIT+), n=39

Group 2 (AIT-), n=49 Control,

P
IVF+ (n=24) IVF—- (n=15) IVF+ (n=38) IVF—(n=11) n=20

TSHbefore .16 7,342 4,9+0,8 48+1,3  2,1+0,6 >0,05

treatment

AMH 1,4+0,3 1,4+0,4 1,7+0,3 1,4+0,4  3,240,3 <0,05

Inhibin B 78+16,6 44,4+12,3  958+15,1  43,9+12,2 84,354 <0,001

Note: Data are presented as mean + standard error of the mean (M+m). Abbreviations:
AIT — autoimmune thyroiditis; IVF — in vitro fertilization; TSH — thyroid-stimulating

hormone; AMH — anti-Miillerian hormone

Analysis of ovarian reserve indicators
showed that baseline TSH levels did not have
a statistically significant effect on pregnancy
outcomes in IVF programs (p>0.05), despite
higher values in patients with hypothyroid-
ism compared to the control group (Table 2).
This indicates that after correction of thyroid
status, this parameter loses its independent
prognostic value.

At the same time, ovarian reserve indica-
tors demonstrated a significant association
with IVF outcomes. The AMH level was sig-
nificantly lower in patients with hypothyroid-
ism compared to the control group (p<0.05),
indicating a decrease in ovarian reserve in
the presence of endocrine pathology.

Furthermore, it was found that in pa-
tients with autoimmune thyroiditis, inhibin
B levels were statistically lower compared
to patients without an autoimmune compo-
nent, which may reflect a more pronounced
suppression of ovarian reserve in autoim-
mune pathology.

Correlation analysis revealed a negative
correlation between TSH levels and markers
of ovarian reserve — inhibin B and AMH (r<0,
p<0.05)—suggesting a possible influence of
thyroid dysfunction on reduced functional
activity.

Discussion

According to the study by Pirgon O. (Pir-
gon, O., Sivrice, C., Demirtas, H., & Dund-
ar, B., 2016) and colleagues, patients with
autoimmune thyroiditis (AIT) are at risk for
developing premature ovarian failure, sug-
gesting a possible association between au-
toimmune processes and impaired ovarian
function.

The results of a large retrospective study
by PolyzosN.P. (Nikolaos P. Polyzos, Evan-
gelos Sakkas, Alberto Vaiarelli, Kris Poppe,
Michel Camus, Herman Tournaye, 2015)
and colleagues (“Thyroid autoimmunity, hy-
pothyroidism and ovarian reserve: a cross-
sectional study of 5,000 women based on
age-specific AMH values”) demonstrated
that in patients with a genetic predisposition
to diminished ovarian reserve, the preva-
lence of hypothyroidism is higher compared
to women with idiopathic diminished ovarian
reserve, regardless of thyroid status. These
data suggest the presence of common patho-
genic mechanisms underlying both thyroid
and ovarian dysfunction.

At the same time, studies by Saglam F. et
al. and Ayesha et al. (Saglam, F., Onal, E.D.,
Ersoy, R., Koca, C., Ergin, M., Erel, O., &
Cakir, B., 2015; Ayesha, JhaV., 2016) have

167 THE EFFECT OF HYPOTHYROIDISM ON THE OUTCOMES OF IN VITRO



The Austrian Journal of Technical
and Natural Sciences, 2026 No 3-4

shown that diminished ovarian reserve is
more strongly associated with hypothyroid-
ism of autoimmune etiology, underscoring
the significance of immune mechanisms in
the pathogenesis of reproductive disorders.

According to Weghofer A. and colleagues
(Weghofer, A., Barad, D.H., Darmon, S. et al.,
2016), the key role in the decline of ovarian
reserve is played not so much by the auto-
immune process itself as by the increase in
thyroid-stimulating hormone (TSH) levels. In
this regard, normalization of thyroid status,
particularly achieving target TSH levels, may
contribute to improved ovarian reserve pa-
rameters.

The results obtained in this study are con-
sistent with the literature data and confirm
the influence of thyroid hormones on ovarian
function. Hypothyroidism is associated with
a decrease in ovarian reserve markers, as ev-
idenced by reduced levels of anti-Miillerian
hormone (AMH) and inhibin B. These chang-
es may be due to impaired folliculogenesis,
reduced ovarian sensitivity to gonadotropic
stimulation, and dysregulation of follicular
growth and maturation mechanisms.

Inhibin B is of particular importance in
assessing ovarian reserve, as it reflects the

Section 6. Medical science

functional activity of granulosa cells and the
number of antral follicles. A decrease in its
level may indicate early abnormalities in the
ovarian follicular apparatus and serve as an
additional marker of declining reproductive
potential.

Conclusions

Women with hypothyroidism exhib-
it a reduced ovarian reserve, as indicated
by AMH and inhibin B levels, compared
to healthy women. In women with AIT,
pre-treatment TSH levels were statistically
higher than in women with hypothyroidism
of other etiologies. AMH levels were higher
in patients who became pregnant; however,
statistically significant differences were not
observed in all groups. Inhibin B levels on
days 3-5 of the menstrual cycle and after
superovulation stimulation were signifi-
cantly higher in patients who became preg-
nant (p<0.001). In patients with AIT, the
pregnancy rate was significantly lower than
in women without AIT. This may be related
to the duration of hypothyroidism. This arti-
cle did not account for the duration of hypo-
thyroidism, which affects treatment efficacy
and pregnancy rates.
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