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Abstract: Background: Polycystic ovary syndrome (PCOS) and subclinical hypothyroidism (SCH)
often coexist, but implications of the co-occurrence of two disorders have not yet been established. The
objective is to conclude whether SCH with present or absent anti-thyroid antibodies (ATA) impacts
on the PCOS phenotype and alters biochemical or clinical parameters. Methods: A retrospective
cohort study was conducted in a tertiary reference center. Clinical and biochemical parameters of
women with PCOS were analyzed. Results: A total of 367 women with PCOS were included in the
study, 114 (31.1%) of whom were diagnosed with SCH and 16 (4.4%) with autoimmune thyroiditis
(AIT). Among all parameters studied, the strongest relationship with SCH was confirmed for insulin
resistance and dyslipidemia. SCH was an independent risk factor for insulin resistance. In SCH the
additional presence of ATA did not exacerbate the metabolic disorders. There was no significant
association of any PCOS phenotype with SCH, nor with the presence of circulating ATA. There
was no significant difference in hormonal parameters and mFerriman–Gallwey scale score between
women with PCOS with and without SCH. Conclusions: SCH alters metabolic, but not hormonal,
parameters in PCOS. The diagnosis of SCH does not exclude the diagnosis of PCOS. The potential
effect of positive ATA was insignificant.
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1. Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathies
and affects 3 to 15% of women of reproductive age, depending on the studied population
and the diagnostic criteria used [1,2]. The most widely accepted diagnostic criteria of
PCOS, i.e., the Rotterdam criteria [3], require the presence of two of the three following
clinical symptoms: (i) hyperandrogenism/ hyperandrogenemia, (ii) ovulation disorders,
i.e., oligoovulation or anovulation, or (iii) polycystic ovaries on ultrasound examination,
while excluding other conditions that may cause hyperandrogenism or ovulation dys-
function. The exact etiology of PCOS has not yet been fully understood, and the results
of scientific studies suggest the involvement of genetic, metabolic, immunological and
environmental factors, likely already present in utero [4–9]. The syndrome may also be
accompanied by other endocrine and metabolic disorders, contributing to an increased risk
of endometrial cancer, obesity, diabetes, hypertension, dyslipidemia, and cardiovascular
diseases [10,11]. Studies conducted in recent years also suggest a higher incidence of
thyroid diseases, including subclinical hypothyroidism (SCH) [12,13] and autoimmune
thyroiditis (AIT) [14] in women with PCOS, pointing out possible common etiology [15,16].
AIT, called Hashimoto thyroiditis (HT), affecting 5–20% of women of childbearing age, is
one of the most common causes of hypothyroidism in areas with sufficient iodine content.
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The coexistence of AIT and PCOS concerns about 18–40% of all PCOS cases, depending on
the diagnostic criteria of PCOS and ethnicity [17]. The similarity of clinical symptoms and
complications between PCOS and thyroid dysfunctions, i.e., irregular menstrual cycles,
subfertility, insulin resistance, obesity and dyslipidemia, is commonly recognized. Some
studies indicate a relationship between thyroid autoimmunity and pregnancy outcomes
such as miscarriage and preterm labor [18,19], as well as the outcomes of assisted reproduc-
tive techniques [20,21]. The coexistence of AIT with PCOS may be associated with an even
greater risk of metabolic syndrome and infertility [22,23]. Complications pertain not only
to overt hypothyroidism, but also SCH [24,25] and the presence of circulating anti-thyroid
peroxidase (anti-TPO) and anti-thyroglobulin (anti-TG) antibodies [26]. However, not
all research results are consistent in this respect. Some studies have not shown a higher
prevalence of AIT in women with PCOS [27]. Similarly, not all research results confirmed
the influence of thyroid disorders on the hormonal or metabolic profile of women with
PCOS [27–29]. Reaching consensus on the correlation of AIT and PCOS, screening tests for
the coexistence of these disorders and the timing of the initiation of possible treatment is
necessary for the effective prevention of metabolic complications and infertility in women
of reproductive age. The aim of this study was to estimate the prevalence of SCH and
circulating anti-thyroid antibodies (ATA) in euthyroid women with PCOS. The specific
objectives included: (i) comparison of selected metabolic, hormonal and clinical parameters
in women with PCOS with and without thyroid dysfunction, and (ii) determination of
PCOS phenotypes in women with and without thyroid dysfunction

2. Materials and Methods

A retrospective study was conducted based on the archival data of the Department of
Gynecological Endocrinology between 1 January 2018 and 30 June 2021. The study was
approved by the Bioethics Committee at the Regional Chamber of Physicians (positive opin-
ion no. 215/KBL/OIL/2021). The study group consisted of women undergoing diagnostics
due to menstrual disorders and/or infertility. The study included women diagnosed with
E28 and E89 according to ICD-10 who met the Rotterdam ESHRE/ASRM-Sponsored PCOS
criteria [3]. The inclusion criteria were (i) aged between 16-45 years, (ii) euthyreosis, and
(iii) no previous diagnosis or treatment of hormonal disorders, while the exclusion criteria
were (i) history of thyroidectomy, (ii) diagnosed and treated thyroid dysfunction, and (iii) di-
agnosed and treated states of insulin resistance or diabetes. Using archival medical records,
the study population was characterized in terms of demographic data and thyroid function
indicators, i.e., the concentration of thyroid-stimulating hormone (TSH) and ATA, including
anti-TPO and anti-TG, and subsequently divided into subgroups: (i) TSH ≤ 2.5 [30] and
anti-TPO, anti-TG within the reference range, (ii) TSH ≤ 2.5 and anti-TPO or/and anti-TG
above reference range, (iii) TSH > 2.5 and anti-TPO, anti-TG within reference range, and
(iv) TSH > 2.5 and anti-TPO and/or anti-TG above reference range. Then, the following
parameters were analyzed for comparative analysis in the above-mentioned subgroups:
(i) clinical parameters: menstrual cycle length, endometrial thickness, ovarian morphol-
ogy, modified Ferriman–Gallwey scale (mFG) score [31]; (ii) hormonal parameters: free
thyroxine (fT4), free triiodothyronine (fT3) luteinizing hormone (LH)/follicle-stimulating
hormone (FSH) ratio; estradiol, free androgen index (FAI), testosterone, sex hormone-
binding globulin (SHBG), prolactin, vitamin D; (iii) metabolic parameters: homeostasis
model assessment for insulin resistance (HOMA-IR), 2 h 75 g oral glucose tolerance test
results [32] (75 OGTT; glucose at 0, 60, 120 min, insulin at 0, 60, 120 min), triglycerides
(TG), total cholesterol, low-density lipoprotein cholesterol (LDL), high-density lipoprotein
cholesterol (HDL). Further, 21–35-day cycles were considered to be regular menstrual cycles.
Vein blood samples were drawn in the early follicular phase (2nd–6th day of the cycle) or
randomly in non-ovulatory cycles after an overnight fast of 8 h. Subsequent blood samples
for 75 OGTT were taken at 60 and 120 min of rest after oral ingestion of the 75 g glucose
solution. The diagnosis of insulin resistance (IR) was based on HOMA-IR > 2.5, fasting
insulin level ≥ 13 µU/mL [33] and insulin at 120 min OGTT ≥ 100 µU/mL. The calculation
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formula for the homeostasis model assessment for insulin resistance (HOMA-IR) was the
following: Score = (Fasting insulin [uIU/mL]) × (Fasting glucose [mg/dL])/405 [34]. AIT
was diagnosed on the basis of TSH > 2.5 and the presence of anti-TPO and/or anti-TG anti-
bodies. Insulin, glucose, TSH, fT3, fT4, anti-TG, anti-TPO, FSH, LH, testosterone, estradiol,
SHBG, prolactin, vitamin D, C-reactive protein (CRP), cancer antigen-125 (Ca-125) measure-
ments were performed using the electrochemiluminescence method by means of the Cobas
PRO/e801 and Cobas 8000 analyzers (Roche Diagnostics, Basel, Switzerland). Cholesterol,
HDL, LDL and TG measurements were performed using the enzymatic method by means
of the Cobas PRO analyzer (Roche Diagnostics, Basel, Switzerland).

2.1. PCOS Diagnostics

The women included in the study underwent routine gynecological and hormonal
diagnostics, consisting of a routine gynecological examination, ultrasound examination
of the reproductive organs and blood sampling for selected laboratory tests used in the
diagnostics of ovulation disorders. The gynecological examination was carried out by a
specialist in obstetrics and gynecology or by a trainee physician supervised by a specialist
obstetrician–gynecologist. The ultrasound examination was performed using a Samsung
WS80A machine (Samsung Electronics, Suwon, Korea) with the use of a vaginal and/or
transabdominal transducer. The presence of at least 12 circumferentially located follicles
2–9 mm in diameter or an ovarian volume > 10 mL was considered as a result indica-
tive of a polycystic morphology of the ovaries. The mFG scale [31] was used to assess
the subjective severity of hirsutism and the cut-off point indicative of clinical hyperan-
drogenism was defined as a score of at least 8 points. The Rotterdam ESHRE/ASRM-
Sponsored [3] criteria were used to confirm PCOS. Taking into account various clinical
features and laboratory parameters, 4 basic phenotypes of the PCOS syndrome were dis-
tinguished: (i) A—hyperandrogenism (increased testosterone serum level or FAI > 5 or
mFG scale score ≥ 8) + irregular menstrual cycles + polycystic morphology of the ovaries;
(ii) B—hyperandrogenism (increased testosterone serum level or FAI > 5 or mFG scale
score ≥ 8) + irregular menstrual cycles; (iii) C—hyperandrogenism (increased testosterone
serum level or FAI > 5 or mFG scale score ≥ 8) + polycystic morphology of the ovaries;
(iv) D—irregular menstrual cycles + polycystic morphology of the ovaries. Written and
oral consent was obtained for the above-mentioned tests.

2.2. Statistical Analysis

Descriptive statistics were used to characterize the population. Categorical (qualitative)
variables were summarized as number of cases (N, n), frequency (n/N), and percentage (%).
Continuous (quantitative) variables were presented using means and standard deviations
in the case of normal distribution and medians, upper and lower quartiles in other cases.
The maximum and minimum values of the variables were also given. The normality of the
variable distribution was checked with the Kolmogorov–Smirnov test. In order to compare
the selected groups in the context of the assessed variables, the Mann–Whitney U test
was used as a non-parametric test, and the Student’s t-test was used in the case of normal
distribution. The testing of nominal and ordinal variables was performed using the chi
square test. In the next step, the logistic regression was used to estimate the associations
of variables with adverse metabolic and hormonal effects. The results were presented as
odds ratios with 95% confidence intervals. Multivariable analysis was performed using a
backward stepwise regression model to determine contributions of variables to significant
metabolic outcomes. Testing of the significance of the regression coefficient was performed
using the Wald statistic. An ROC curve was performed to assess the cut-off points for
significant quantitative variables. A p-value < 0.05 was considered statistically significant.
Statistical analysis was performed using StatSoft STATISTICA v.13.3 software.
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3. Results

During the study period, the diagnosis of PCOS was confirmed in 429 women,
and 367 (85.5%) of them met the inclusion criteria. SCH was confirmed in 114 women
(n = 114/367; 31.1%), the presence of circulating ATA in 44 women (n = 44/367; 12.0%) and
AIT in 16 (n = 16/367; 4.4%). The characteristics of the study population in relation to
selected clinical, hormonal and metabolic parameters, as well as qualitative variables, are
presented in Tables 1 and 2. The characteristics of the subpopulations in terms of TSH
values and ATA status in relation to selected quantitative and qualitative parameters are
presented in Supplementary Tables S1 and S2. The subpopulation with TSH > 2.5 and
positive ATA, anti-TPO and/or anti-TG included 16 women (n = 16/367; 4.4%). A statis-
tically significantly lower value of endometrial thickness, higher LH/FSH ratio, higher
fasting insulin concentration and higher HOMA-IR values compared to the rest of the study
population are noteworthy. However, no association with any of the qualitative features
was found. The subpopulation with TSH > 2.5 and negative ATA included 98 women
(n = 98/367; 26.7%). In this group, statistically significantly higher glucose concentrations
at 60 and 120 min of the 75OGTT, higher fasting insulin levels at 60 and 120 min of
the 75OGTT, higher HOMA-IR, higher FAI, higher total cholesterol, higher total choles-
terol/HDL ratio, higher LDL and LDL/HDL ratio, and higher triglyceride levels were
found. A statistically significant correlation of the occurrence of insulin resistance was
also confirmed. When analyzing the study population based only on TSH > 2.5 regard-
less of ATA status (n = 114/367; 31.1%), similar results were obtained, i.e., statistically
significantly higher glucose concentration in the 120th minute of the 75OGTT, significantly
higher insulin concentration at all 75 OGTT points, higher values of HOMA-IR and FAI
indices and significantly higher values of total cholesterol, LDL and triglycerides and
higher values of total cholesterol/HDL and LDL/HDL ratios compared to the rest of the
population. A statistically significant correlation with the occurrence of insulin resistance
and hyperprolactinemia was also confirmed.

The subpopulation with TSH ≤ 2.5 and negative ATA included 225 women
(n = 225/367; 61.3%). The statistically significant lower value of fasting insulin con-
centrations at 60 and 120 min of the 75OGTT, significantly lower HOMA-IR value,
significantly lower total cholesterol and triglycerides, and a significantly lower total
cholesterol/HDL ratio, compared to the rest of the population studied, are notewor-
thy. A statistically significant lower percentage of insulin resistance, hyperprolactine-
mia and hypercholesterolemia were also confirmed. In the subgroup with TSH ≤ 2.5
and positive ATA (n = 28/367; 7.6%), apart from a statistically significantly higher
concentration of SHBG, no significant correlation was found for any of the parameters
tested. The presence of ATA, regardless of the TSH result (n = 44/367; 12.0%), was
not associated with a significant effect on any of the analyzed parameters. There
was no significant difference in the value of laboratory parameters, testosterone,
LH, FSH, estradiol, prolactin, CRP, Ca-125, vitamin D concentrations, nor clinical
parameters, age, body mass index (BMI), number of pregnancies, ovarian morphol-
ogy, hypovitaminosis D, hyperandrogenism and mFerriman–Gallwey scale score,
between subpopulations of women with PCOS with SCH, including ATA status and
without thyroid dysfunction. The logistic regression model revealed a significantly
increased risk of insulin resistance in the subpopulation of women with PCOS with
TSH > 2.5 and negative ATA (OR 1.8, CI 1.13–2.85, p = 0.01 for HOMA-IR > 2.5;
OR 1.81, CI 1.096–3.009, p = 0.02 for 120 min 75 OGTT insulin ≥ 100 µU/mL), as
well as in the subpopulation of women with TSH > 2.5 regardless of ATA status
(OR 1.91, CI 1.23–2.99, p = 0.004 for HOMA-IR > 2.5). In the latter group, the risk of
hyperprolactinemia was also significantly increased (OR 2.04, CI 1.06–3.9, p = 0.03).
Increased risk of insulin resistance (OR 1,63, CI 0.99–2.66, p = 0.0507) in the subgroup
of women with PCOS with TSH > 2.5 regardless of ATA status, elevated risk of hy-
percholesterolemia (OR 1.7, CI 0.95–3.05, p = 0.07) and hyperprolactinemia (OR 1.84,
CI 0.94–3.62, p = 0.07) in the subgroup of women with TSH > 2.5 and negative ATA
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and an increase in the likelihood of LH/FSH > 2 in the subpopulation of women with
TSH > 2.5 and positive ATA (OR 4.43, CI 0.99–19.79, p = 0.051) was noticeable but did
not reach statistical significance (Table 3). There was no significant association of any
PCOS phenotype with SCH, nor with the presence of circulating ATA (Table 4).

Table 1. Study population characteristics regarding selected clinical, hormonal and metabolic param-
eters (N = 367).

Variable
Value *

Mean SD Q1 Median Q3 Minimum Maximum

Age 24.28 4.99 21.00 24.00 27.00 16.00 44.00
Cycle day 65.53 133.97 13.00 24.00 57.00 2.00 1891.00

Endometrium thickness 6.91 2.95 5.00 6.75 9.00 1.00 19.00
BMI [kg/m2] 25.47 6.61 20.32 23.15 29.97 16.18 54.08

Fasting blood glucose [mmol/L] 4.95 0.52 4.62 4.90 5.17 3.69 8.63
Glucose 60 min OGTT [mmol/L] 7.05 2.10 5.51 6.76 8.36 2.98 13.30
Glucose 120 min OGTT [mmol/L] 5.78 1.47 4.82 5.72 6.63 0.90 10.90

Fasting blood insulin [µU/mL] 13.11 10.49 6.88 9.88 16.01 1.88 114.00
Insulin 60 min OGTT [µU/mL] 111.91 88.17 52.25 86.36 144.30 3.82 555.00

Insulin 120 min OGTT [µU/mL] 86.76 84.89 37.80 58.00 99.80 4.72 735.00
HOMA-IR 2.97 2.59 1.47 2.15 3.66 0.36 25.99

FAI 5.26 4.14 2.46 4.18 6.95 0.10 39.20
Total Cholesterol [mmol/L] 4.50 0.77 4.00 4.40 5.00 3.00 8.00
HDL Cholesterol [mmol/L] 1.62 0.44 1.32 1.53 1.87 0.66 3.60

Total Cholesterol/HDL 2.97 0.95 2.25 2.74 3.50 1.32 7.29
LDL Cholesterol [mmol/L] 2.41 0.68 2.00 2.30 2.80 0.70 5.50

LDL/HDL 1.62 0.67 1.11 1.48 2.05 0.24 4.06
Triglycerides [mmol/L] 1.06 0.55 0.69 0.89 1.23 0.34 3.52

TSH [mU/L] 2.17 1.11 1.46 1.98 2.67 0.28 9.67
fT3 [pmol/L] 5.26 0.77 4.74 5.17 5.75 3.12 7.52
fT4 [pmol/L] 15.40 2.40 13.70 15.20 16.62 12.00 24.83

anti-TPO [IU/mL] 22.98 42.42 9.45 11.72 16.70 5.00 374.00
anti-TG [IU/mL] 50.19 176.10 10.00 13.90 18.30 10.00 2533.00

Prolactin [µU/mL] 334.41 156.15 235.00 308.00 405.00 86.45 1427.00
SHBG [nmol/L] 50.90 33.12 27.60 43.60 67.60 8.70 355.00

Testosterone [nmol/L] 1.87 0.69 1.43 1.82 2.24 0.29 4.62
LH [mU/mL] 13.43 8.64 7.55 11.70 16.90 0.78 52.16
FSH [mU/mL] 5.61 5.16 4.07 5.48 6.64 0.87 14.80
LH/FSH ratio 2.5 1.27 1.60 2.26 3.09 0.40 9.14

Estradiol [ng/mL] 335.57 288.19 169.40 220.50 375.00 18.40 2070.00
CRP 2.65 3.92 1.00 1.00 2.51 0.99 37.30

Ca-125 12.40 6.79 8.10 10.80 14.50 4.00 77.30
Vitamin D [ng/mL] 24.43 11.40 16.73 23.40 28.60 5.12 129.00

mFerriman–Gallwey scale score 10.83 6.75 6.00 10.00 15.00 0.00 30.00

* Reference values: Fasting blood glucose < 5.6 mmol/L, fasting blood insulin < 13 uU/mL, glucose 120 min.
OGTT < 11.0 mmol/L, HOMA-IR < 2.5, FAI < 5, Total Cholesterol 3.2–5.2 mmol/L, HDL Cholesterol > 1.2 mmol/L,
LDL Cholesterol < 3.4 mmol/L, Triglycerides < 2.26 mmol/L, TSH 0.27–4.2 uIU/mL, fT3 3.1–6.8 pmol/L, fT4 12.0–
22.0 pmol/L, anti-TPO < 34.0 IU/mL, anti-TG < 115.0 IU/mL, Prolactin 102–496 uIU/mL, SHBG 26.1–110 nmol/L,
testosterone 0.29–1.67 nmol/L, LH 2.4–12.6 mIU/mL, FSH 3.5–12.5 mIU/mL, estradiol 46–607 pmol/L,
CRP < 5.00 mg/L, Ca-125 < 35.0 U/mL, vitamin D 30.00–80.00 ng/mL, mFerriman–Gallwey scale score < 8.

In the multivariate backward stepwise regression model, both hyperandrogenism
(expressed as FAI > 5, but not elevated testosterone) and TSH > 2.5 turned out to be
independent risk factors for insulin resistance, defined as HOMA-IR > 2.5 (W 60.75, p = 0.00,
OR 6.44, CI 4.03–10.28 for FAI > 5; W 6.99, p = 0.008, OR 1.95, CI 1.188–3.185 for TSH > 2.5)
in the examined population. The validity of the value of 2.5 as the cut-off point for TSH
concentration was confirmed beforehand for the purpose of the study with the receiver
operating characteristic (ROC) curve (Figure 1).
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Table 2. Study population characteristics in relation to selected qualitative variables (N = 367).

Variable
Value

n %

Pregnancy 28 7.6
Polycystic ovarian morphology 239 65.1

Insulin resistance 156 42.5
Hyperandrogenism [FAI] 146 39.8

Hypercholesterolemia 60 16.3
High LDL 26 7.1

Hypertriglyceridemia 20 5.4
Hyperprolactinemia 41 11.2
Hypovitaminosis D 284 77.4

Table 3. Logistic regression model results for selected parameters in subpopulations of women
with PCOS.

Insulin resistance: HOMA-IR > 2.5

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.8 1.13–2.85 0.01
TSH > 2.5 and positive anti-thyroid antibodies 1.78 0.65–4.9 0.26

TSH ≤ 2.5 and positive antibodies 0.52 0.22–1.2 0.12
TSH > 2.5 regardless of anti-thyroid antibodies status 1.91 1.23–2.99 0.004
Presence of anti-thyroid antibodies regardless of TSH 0.83 0.43–1.58 0.58

Insulin resistance: fasting insulin ≥ 13µU/mL

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.40 0.87–2.25 0.16
TSH > 2.5 and positive anti-thyroid antibodies 1.97 0.72–5.39 0.18

TSH ≤ 2.5 and positive antibodies 0.89 0.39–2.04 0.79
TSH > 2.5 regardless of anti-thyroid antibodies status 1.56 0.99–2.47 0.054
Presence of anti-thyroid antibodies regardless of TSH 1.23 0.64–2.36 0.52

Insulin resistance: insulin at 120 min. 75 OGTT ≥ 100µU/mL

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.81 1.096–3.009 0.02
TSH > 2.5 and positive anti-thyroid antibodies 0.66 0.18–2.4 0.53

TSH ≤ 2.5 and positive antibodies 0.98 0.40–2.38 0.96
TSH > 2.5 regardless of anti-thyroid antibodies status 1.63 0.99–2.66 0.0507
Presence of anti-thyroid antibodies regardless of TSH 0.85 0.40–1.79 0.67

Hyperandrogenism

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.27 0.8–2.02 0.31
TSH > 2.5 and positive anti-thyroid antibodies 1.19 0.43–3.26 0.74

TSH ≤ 2.5 and positive antibodies 0.98 0.44–2.15 0.95
TSH > 2.5 regardless of anti-thyroid antibodies status 1.28 0.82–2.01 0.26
Presence of anti-thyroid antibodies regardless of TSH 1.055 0.55–2.00 0.87

Hypercholesterolemia

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.7 0.95–3.05 0.07
TSH > 2.5 and positive anti-thyroid antibodies 1.19 0.33–4.31 0.79

TSH ≤ 2.5 and positive antibodies 1.44 0.56–3.72 0.45
TSH > 2.5 regardless of anti-thyroid antibodies status 1.69 0.96–2.99 0.06
Presence of anti-thyroid antibodies regardless of TSH 1.37 0.62–3.02 0.43
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Table 3. Cont.

Hypertriglyceridemia

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.47 0.57–3.8 0.42
TSH > 2.5 and positive anti-thyroid antibodies 1.16 0.15–9.28 0.88

TSH ≤ 2.5 and positive antibodies 1.37 0.3–6.24 0.68
TSH > 2.5 regardless of anti-thyroid antibodies status 1.47 0.58–3.71 0.4
Presence of anti-thyroid antibodies regardless of TSH 1.31 0.37–4.69 0.67

Hyperprolactinemia

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.84 0.94–3.62 0.07
TSH > 2.5 and positive anti-thyroid antibodies 1.9 0.52–6.97 0.33

TSH ≤ 2.5 and positive antibodies 0.95 0.27–3.3 0.93
TSH > 2.5 regardless of anti-thyroid antibodies status 2.04 1.06–3.9 0.03
Presence of anti-thyroid antibodies regardless of TSH 1.29 0.51—3.3 0.58

LH/FSH > 2

Variable OR CI p

TSH > 2.5 and negative anti-thyroid antibodies 1.17 0.72–1.88 0.52
TSH > 2.5 and positive anti-thyroid antibodies 4.43 0.99–19.79 0.051

TSH ≤ 2.5 and positive antibodies 0.67 0.31–1.46 0.31
TSH > 2.5 regardless of anti-thyroid antibodies status 1.44 0.9–2.28 0.12
Presence of anti-thyroid antibodies regardless of TSH 1.18 0.6–2.3 0.6
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Table 4. PCOS phenotypes in the studied subpopulations of PCOS women.

TSH > 2.5 and positive anti-thyroid antibodies (n = 16, N = 367)

Variable % n % N-n p

Phenotype A 50% (8) 52% (182) 0.88
Phenotype B 37% (6) 34% (121) 0.80
Phenotype C 6.5% (1) 5% (17) 0.80
Phenotype D 6.5% (1) 9% (31) 0.7

TSH > 2.5 and negative anti-thyroid antibodies (n = 98, N = 367)

Variable % n % N-n p

Phenotype A 52% (52) 51% (138) 0.95
Phenotype B 34% (34) 35% (93) 0.88
Phenotype C 5% (5) 5% (13) 0.95
Phenotype D 9% (9) 9% (23) 0.9

TSH > 2.5 regardless anti-thyroid antibodies (n = 114, N = 367)

Variable % n % N-n p

Phenotype A 52% (60) 52% (130) 0.99
Phenotype B 35% (40) 35% (87) 0.95
Phenotype C 5% (6) 5% (12) 0.93
Phenotype D 8% (9) 8% (22) 0.96

TSH ≤ 2.5 and positive anti-thyroid antibodies (n = 28, N = 367)

Variable % n % N-n p

Phenotype A 50% (14) 52% (176) 0.84
Phenotype B 32% (9) 35% (118) 0.77
Phenotype C 7% (2) 5% (16) 0.59
Phenotype D 11% (3) 8% (29) 0.7

TSH ≤ 2.5 and negative anti-thyroid antibodies (n = 225, N = 367)

Variable % n % N-n p

Phenotype A 52% (116) 51.5% (74) 0.9
Phenotype B 35% (78) 34% (49) 0.85
Phenotype C 4.5% (10) 5.5% (8) 0.64
Phenotype D 8.5% (19) 9% (13) 0.86

Presence of anti-thyroid antibodies regardless of TSH (n = 44, N = 367)

Variable % n % N-n p

Phenotype A 50% (22) 52% (168) 0.80
Phenotype B 34% (15) 34% (112) 0.93
Phenotype C 7% (3) 5% (15) 0.54
Phenotype D 9% (4) 9% (28) 0.92

4. Discussion

The incidence of SCH in the study population (31.1%) was consistent with the results
of other studies [13], while the incidence of circulating ATA (12%) and AIT (4.4%) was
slightly lower [14,17], which may be due to the characteristics of the study population and
the diagnostic criteria used. The study confirmed that TSH values > 2.5 corresponding
to SCH were associated with the occurrence of significant metabolic disturbances, which
was in line with the majority [13,24,25,35], but not all [36,37], of previous scientific reports,
and the strongest relationship was found for hyperlipidemia and insulin resistance [38].
Interestingly, the coexistence of ATA in the subpopulation with TSH > 2.5 (AIT) did not
seem to additionally affect the values of metabolic parameters and the effect of elevated TSH
levels was even greater in the absence of ATA, which, however, requires further research
and verification. What we are unable to interpret is the unexpected correlation of TSH
and fT3, a parameter of less clinical significance than TSH and fT4 [39] in some subgroups
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of women with PCOS (Supplementary Table S1). However, this significantly elevated
fT3 concentration was found in subpopulations of women with significantly elevated
120 min 75 OGTT insulin, which reflects the results of other studies [40], suggesting that
fT3 could be an indicator of insulin resistance development. Despite an evidently higher
incidence of insulin resistance and hyperlipidemia in the PCOS-SCH subpopulation, the
expected associated higher testosterone level, higher FAI, higher mFG scale score, and
higher prevalence of polycystic ovarian morphology have not been demonstrated, which is
in line with the findings of other studies, with a few exceptions [41]. While the relationship
between hyperandrogenism and insulin resistance, although not fully understood, is
well established, the relationship between SCH and insulin resistance in PCOS is more
ambiguous. In the examined population of women with newly diagnosed PCOS, SCH
was confirmed to be an independent risk factor for insulin resistance. None of the PCOS
phenotypes were found to be more frequent than others in the SCH population, which
means that screening for hypothyroidism should be performed for all PCOS phenotypes.
The results of the study also confirmed the fact that the diagnosis of SCH does not exclude
the diagnosis of PCOS [42]. In the study population, phenotype D was recognized, as none
of the women were diagnosed with overt hypothyroidism. No effect of SCH on fertility
parameters (FSH and estradiol levels, number of pregnancies) was found, except for a
significantly thinner endometrium and a higher LH/FSH ratio in the subgroup with TSH
> 2.5 and positive ATA (AIT), which, however, are parameters of an uncertain diagnostic
value. Although the subpopulation of women with TSH > 2.5 regardless of ATA status
showed a higher risk of hyperprolactinemia, the value of prolactin concentration was not
significantly higher than in the rest of the population. Since the literature does not provide
sufficient evidence for an association between SCH and hyperprolactinemia, this result
should be interpreted with caution [37]. Contrary to the reports from some of the previous
studies [22,23,27], the mere presence of circulating ATA did not significantly influence the
value of any parameter tested; thus, the more controversial relationship between AIT and
PCOS has not been demonstrated, confirming observations from a few other studies [14],
though they are few. The role of the immune system in the etiology of PCOS has been
postulated for a long time [43], but so far, no cause–effect relationship or pathomechanism
has been demonstrated. Systematic reviews indicated increased incidence of AIT in the
PCOS population [17], but the role of antithyroid antibodies and the common ground of
the two entities have yet to be established. Thus, high-normal TSH levels in women with
PCOS require the diagnostics of insulin resistance and dyslipidemia in order to prevent
potential adverse health effects in the future. The mechanism in which the elevated TSH
concentration in euthyroid women with PCOS alters the results of metabolic parameters
remains a target for future research.

5. Conclusions

The results of the study showed a clear correlation of SCH with metabolic, but not
hormonal, parameters of women with PCOS. Women with PCOS, regardless of the pheno-
type, should be screened for hypothyroidism and screening for insulin resistance should be
performed in women with SCH. Of all the parameters that are indicative of thyroid function,
TSH was the most important. The potential effect of positive anti-thyroid antibodies was
insignificant. The underlying pathomechanism remains a target for further research.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm11061547/s1, Table S1. The characteristics of the subpopulations
in terms of TSH values and ATA status in relation to selected quantitative parameters. Table S2. The
characteristics of the subpopulations in terms of TSH values and ATA status in relation to selected
qualitative parameters.
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