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Abstract
Purpose  Polycystic ovary syndrome (PCOS) has been associated with Hashimoto’s thyroiditis (HT) and 4 phenotypes have 
been described in this syndrome. The aim of this work was to investigate the frequency of anti-thyroid antibodies (TAb) and 
thyroid function in the 4 phenotypes of PCOS.
Patients  This study included 448 patients with PCOS: 260 (58.0%) with phenotype A, 119 (26.6%) with phenotype B, 38 
(8.5%) with phenotype C and 31 (6.9%) with phenotype D.
Results  TAb positivity was detected in 90/448 patients (20.1%) and was statistically significant higher (p = 0.03) in the 
grouped phenotypes A-B (83/379, 21.9%) than in phenotypes C-D (7/69, 10.1%). Positive anti-thyroglobulin antibodies 
(TgAb) were detected in 74/448 (16.5%) patients and positive anti-thyroperoxidase antibodies (TPOAb) in 66/448 (14.7%) 
patients. Both TgAb and TPOAb positivity was higher but not statistically significant in phenotype A-B than phenotype 
C-D. High titer TgAb (> 100 UI/ml) frequency was significantly higher (p = 0.005) in grouped phenotypes A-B (39/379, 
10.3%) than in phenotypes C-D (0/69, 0.0%), while no significant difference was observed for low titer TgAb (≤ 100 UI/
ml). According to a binary logistic regression analysis hypothyroidism was significantly associated with TAb positivity 
(OR 4.19; CI 2.25–7.79; p < 0.01) but not with PCOS phenotype. Androgen profile was not associated with TAb positivity.
Conclusion  A higher frequency of positive TAb and of high titer TgAb and TPOAb have been detected in PCOS women 
with phenotypes A and B, probably in relation to the greater imbalances between estrogen and progesterone levels present 
in these phenotypes.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common 
female endocrine disorder, with a prevalence of about 5–10% 
in women of reproductive age [1–3]. PCOS is characterized 
by hyperandrogenism, hirsutism, acne, and alopecia, men-
strual irregularity, infertility and polycystic ovaries [1–3]. 
Metabolic alterations, such as insulin resistance and central 
obesity, are also described [1–3]. All these are risk factors 

for impaired glucose tolerance, type 2 diabetes, metabolic 
syndrome and increased risk for cardiovascular disease [4, 
5].

After the first description of PCOS by Stein and Lev-
enthal [6], the diagnostic criteria of PCOS have evolved 
during the years. The diagnosis of PCOS is usually made 
according to the ESHRE/ASRM criteria. In 2012, during 
an Evidence-Based Methodology PCOS Workshop at NIH a 
panel of experts recommended the use of the ESHRE/ASRM 
2003 criteria but suggested that a detailed description of the 
PCOS phenotype should be provided [7].

The association between autoimmunity and PCOS has 
been extensively discussed in recent years [8]. An asso-
ciation has been reported between PCOS and autoimmune 
diseases [9, 10] and autoimmune thyroid diseases (AITD) 
[11–13]. Autoimmune thyroiditis is the most common auto-
immune pathology of women of childbearing age and is 
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characterized by the presence of antithyroid autoantibodies 
(TAb) and by lymphocytic infiltration of the thyroid leading 
to a progressive destruction of the glandular parenchyma and 
in development of hypothyroidism. A recent meta-analysis 
[14] has shown that the presence of subclinical hypothy-
roidism in PCOS women is associated with mild metabolic 
abnormalities, affecting the levels of high-density lipopro-
tein (HDL), triglyceride and homeostatic model assessment 
for insulin resistance (HOMA-IR).

The aim of this work was to evaluate the frequency of 
thyroid autoimmunity and hypothyroidism in PCOS patients 
and to verify any possible difference among the different 4 
phenotypes of PCOS.

Patients and Methods

Patients

In this retrospective study, 448 consecutive patients with 
PCOS were included, all recruited at the Department of 
Endocrinology of Pisa from 2014 to 2022. Clinical evalu-
ation included measurement of weight and height, body 
mass index [BMI, weight (kg)/height2 (m2)]. Patients were 
grouped according to BMI levels as follows: normal weight 
(BMI 18–24.9 kg/m2); overweight (BMI 25–29.9 kg/m2); 
obesity (BMI > 30 kg/m2). Anamnestic data about men-
strual cycle irregularities were collected, and clinical exam, 
including the evaluation of any signs of hyperandrogenism 
such as acne, alopecia, hirsutism, was performed. The modi-
fied Ferriman–Gallwey score [15] was used to evaluate the 
hair growth in nine body sites: upper lip, chin, chest, back, 
upper abdomen, lower abdomen, arms, thighs, and buttocks. 
In each of these areas, a score ranging from 0 (absence of 
terminal hairs) to 4 (extensive terminal hair growth) was 
assigned. A total score higher than 8 was indicative of 
hirsutism.

Acne was assessed according to the Global Acne Grad-
ing System [16] and alopecia was evaluated by Ludwig’s 
stage [17].

The diagnosis of PCOS was made following the Rot-
terdam diagnostic criteria (ESHRE-ASRM 2003 [18]), 
including in the study the patients who presented at least 
two among:

•	 Clinical (acne, seborrhea, alopecia, hirsutism) and/or 
biochemical hyperandrogenism. Biochemical hyperan-
drogenism was assessed by measurement of total testos-
terone, free testosterone calculated as a function of total 
testosterone and sex hormone-binding globulin (SHBG) 
levels, androstenedione, and dehydroepiandrosterone sul-
fate (DHEA-S).

•	 Amenorrhea (lack of menstruation > 3  months) or 
Oligo-anovulation (menstrual cycle > 35 days).

•	 Polycystic ovarian morphology (PCOM) at pelvic ultra-
sound scan (at least one ovary with 12 or more follicles 
measuring 2 and 9 mm, regardless of their arrangement 
and/or ovarian volume > 10 ml or cm3) [19]. Ovarian 
morphology was preferentially assessed by transvaginal 
ultrasound using a transducer frequency of 5–13 MHz. 
When the transvaginal route was not feasible, the exam-
ination was performed abdominally using a transducer 
frequency of 2–8 MHz. The same machine (Voluson E8 
Expert, General Electric) was used for both US.

The concentration of 17-OH-progesterone (17-OH-
P) was measured in all patients. In patients with basal 
17-OH-P levels were higher than 3 ng/ml, an ACTH test 
was performed to exclude congenital adrenal hyperplasia 
[20].

We performed the overnight 1-mg dexamethasone sup-
pression test to exclude Cushing’s syndrome. A suppressed 
cortisol values < 1.8 mcg/dl was considered normal [21].

Patients with idiopathic hyperandrogenism (clinical 
and/or biochemical hyperandrogenism, without oligo-
anovulation and PCOM at pelvic ultrasound) or idiopathic 
hirsutism (clinical hyperandrogenism without biochemi-
cal hyperandrogenism, oligo-anovulation, PCOM at pelvic 
ultrasound) were excluded.

Patients with ovarian or adrenal tumors diagnosed 
according to laboratory and imaging data and patients 
with hyperprolactinemia defined as the presence of serum 
prolactin (PRL) levels above the normal range were also 
excluded.

None of the patients took any medication during a 
period of at least 3 months before the study.

PCOS patients were subdivided in 4 phenotypes accord-
ing to the recommendation of the 2012 NIH consensus 
panel [7]:

•	 Phenotype A: “complete phenotype”, with signs and 
symptoms of clinical and/or biochemical hyperandro-
genism and oligo-anovulation with ovaries having a 
micropolycystic appearance on ultrasound.

•	 Phenotype B: “classic phenotype”, characterized by the 
presence of clinical and/or biochemical hyperandrogen-
ism and oligo-anovulation.

•	 Phenotype C: “ovulatory phenotype”, with clinical and/
or biochemical hyperandrogenism and ovaries with a 
micropolycystic ultrasound appearance.

•	 Phenotype D: “non-hyperandrogenic phenotype”, char-
acterized only by the presence of oligo-anovulation and 
PCO-like ovaries on ultrasound, and by a milder clini-
cal presentation than the previous ones [22].
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Laboratory tests

In all patients, fasting blood samples were collected dur-
ing the follicular phase of the menstrual cycle. In amenor-
rhoeic woman blood samples were obtained after Medroxy-
Progesterone Acetate (MPA) test. Serum levels of plasma 
luteinizing hormone (LH), follicle-stimulating hormone 
(FSH), and estradiol (E2) concentrations were determined 
by immunometric assays (Johnson & Johnson S. p. A-Ortho 
Clinical Inc., Rochester, NY). Serum levels of 17-OH-Pro-
gesterone concentrations were determined by Elisa (DRG 
International, INC USA) and Androstenedione (A4) lev-
els by a radioimmunoassay (Diasource Europe S. A., Niv-
elles, Belgium). Total testosterone (TT) concentration was 
evaluated by using a competitive immunoassay (Johnson & 
Johnson S. p. A-Ortho Clinical Inc.). Dehydroepiandros-
terone sulfate (DHEAS) concentrations were determined 
with a radioimmunoassay (Orion Diagnostica, Espoo, Fin-
land). Sex hormone binding globulin (SHBG) levels were 
detected by immunoassay (Access Immunoassay System, 
SHBG, Beckman Coulter, Brea, CA, USA). The free andro-
gen index (FAI) was calculated with the formula: FAI = T 
(nmol/L) × 100/SHBG (nmol/L) [23]. The sensitivity and 
inter- and intra-assay variation of each hormone had been 
described in detail in a previous paper [24].

Levels of free thyroxine (FT4) and free triiodothyro-
nine (FT3) in serum were determined by chemiluminescent 
immunoassay (CLIA) using the VITROS Eci/ECiQ (Vitro 
System, Ortho-Clinical Diagnostic, Rochester, NY, USA). 
Thyroid stimulating hormone (TSH) in serum was deter-
mined by immunochemiluminescent assays (ICMA) using 
the VITROS Eci/ECiQ Immunodiagnostic Systems. The 
reference values of TSH were 0.400 mU/L–4.000 mU/L. 
Quantitative determination of TgAb and TPOAb was per-
formed by immunofluorimetric assay (IFMA) using the 
two-step enzyme immunoassay system (Tosoh Corp., 
Tokyo, Japan). The reference values of TgAb and TPOAb 
are respectively < 30 IU/ml (NIBSC 65/093) and < 10 IU/
ml (NIBSC 66/387).

Hypothyroidism was defined by the presence of high lev-
els of TSH and normal or low levels of thyroid hormones. 
We considered PCOS patients with hypothyroidism if they 
had serum level of TSH > 4 mU/L or if under hormone 
replacement therapy with L-thyroxine (L-T4).

Statistical analysis

Variables were preliminarily tested for normal distribution 
with the Shapiro–Wilk test and since all variables did not 
show a normal distribution they were expressed as median 
(interquartile range [IQR]). Continuous variables were com-
pared by the Mann–Whitney-U-test and Kruskall–Wallis 
test. Categorical variables were compared by the chi-square 

test or Fisher exact tests. A forward stepwise binary logistic 
regression was performed to identify the significant predic-
tors of hypothyroidism.

Results

PCOS phenotypes

A total of 448 patients with PCOS were recruited and 
were divided into the 4 PCOS phenotypes, according to 
the ESHRE-ASMR 2003 diagnostic criteria: 260 patients 
(58.0%) were included in Phenotype A (Complete PCOS), 
119 patient (26.6%) were included in Phenotype B (Clas-
sic PCOS), 38 patients (8.5%) in Phenotype C (Ovulatory 
PCOS), 31 patients (6.9%) in Phenotype D (Non-Hyperan-
drogenic PCOS).

The patients’ age was not significantly different among 
the 4 subgroups.

The patients were further subdivided according to their 
BMI as shown in Fig. 1. In phenotype A 36.5% (95/260) of 
patients were normal weight, 21.1% (55/260) overweight and 
42.4% (110 /260) obese. In phenotype B, 29.4% (35/119) of 
patients were normal weight, 26.1% (31/119) overweight 
and 44.5% (53/119) obese. In phenotype C, 50% (19/38) 
of patients were normal weight, 15,7% (6/38) overweight 
and 34.2% (13/38) obese. In phenotype D, 67.7% (21/31) 
of patients were normal weight, 25.8% (8/31) overweight 
and 6.4% (2/31) obese. Phenotype D included a significantly 
higher frequency of normal weight and lower frequency of 
obese compared to the other subgroups. Weight distribution 
does not differ in the other three phenotypes (Fig. 1).

Serum levels of androgens in the different PCOS pheno-
types are shown in Table 1. Serum levels of testosterone, 
Free T, androstenedione and 17-OH-P were significantly 

0

20

40

60

80

100

Fhenotype 1 Fhenotype 2 Fhenotype 3 Fhenotype 4

Obese

Overweight

Normal weight

%
 o

f
p

at
ie

n
ts

Phenotype A Phenotype B Phenotype C Phenotype D

Fig. 1   Weight distribution in different PCOS phenotypes. A progres-
sive reduction of  frequency of obese patients and an increase of fre-
quency of normal weight subjects were observed moving from pheno-
type A to D. Phenotype D included a significantly higher frequency 
of normal weight and lower frequency of obese compared to the other 
subgroups. Weight distribution does not differ in the other three phe-
notypes
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different among the 4 phenotypes (Kruscal–Wallis test 
p < 0.05). In particular:

•	 Testosterone, Free T and androstenedione values were 
significantly lower (Mann–Whitney test p < 0.05) in phe-
notype D (non-androgenic) compared to phenotypes A, 
B and C;

•	 SHBG values were significantly higher (Mann–Whitney 
test p < 0.05) in phenotype D versus phenotypes A, D and 
C and also in phenotype C versus phenotypes A and B;

•	 FAI values were significantly lower (Mann–Whitney test 
p < 0.05) in phenotype D versus phenotypes A, B and C, 
but also in phenotype C versus A and B;

•	 17OH P values were significantly higher (Mann–Whitney 
test p < 0.05) in phenotype C vs phenotypes A, B and D

•	 DHEAs did not show significant differences

We also evaluated serum level of prolactin (PRL) in the 
different phenotypes of PCOS and no significant difference 
was observed.

PCOS phenotypes and thyroid autoimmunity

Antithyroid antibodies

Positive Tab were detected in 90/448 (20.1%) patients. TAb 
positivity was more frequent in phenotype A (59/260, 22.7%) 
and phenotype B (24/119, 20.2%) compared to phenotype 
C (5/38, 13.2%) and phenotype D (2/31, 6–5%), albeit no 
statistical significance was found. The patients were grouped 
in phenotype A-B (including patients with phenotype A and 

phenotype B) and in phenotype C-D (including patients with 
phenotype C and phenotype D). TAb positivity was signifi-
cantly more frequent in grouped phenotypes A-B (83/379, 
21.9%) than grouped phenotypes C-D (7/69, 10.1%) (chi 
square p = 0.03) (Fig. 2).

Anti‑thyroglobulin antibodies

Positive TgAb were detected in 74/448 (16.5%) patients. 
TgAb frequency was higher in phenotype A (49/260, 
18.8%) and phenotype B (19/119, 16.0%) than phenotype C 
(4/38, 10.5%) and phenotype D (2/31, 6.5%), even though 

Table 1   Serum levels of androgens and prolactin in different PCOS phenotypes

Serum levels of testosterone, Free T, androstenedione and 17-OH-Pg were significantly different among the 4 phenotypes (Kruscal–Wallis test 
p < 0.05). In particular: testosterone, Free T and androstenedione values were significantly lower in phenotype D (non-androgenic) compared to 
phenotypes A, B and C; SHBG values were significantly higher in phenotype D versus phenotypes A, D and C and also in phenotype C versus 
phenotypes A and B; FAI values were significantly lower in phenotype D versus phenotypes A, B and C, but also in phenotype C versus A and 
B; 17-OH-P values were significantly higher in phenotype C vs phenotypes A, B and D; DHEAs and prolactin did not show significant differ-
ences
*Significant different (Mann–Whitney test p < 0.05) in phenotype D compared with phenotypes A, B and C
**Significant different (Mann–Whitney test p < 0.05) in phenotype C compared with phenotypes A and B
***Significant higher (Mann–Whitney test p < 0.05) in phenotype C compared with phenotypes A, B and D

Phenotype A Phenotype B Phenotype C Phenotype D p

T (mcg/L) 0,8 (0,6–1,0) 0,7 (0,6–0,9) 0,7 (0,6–0,8) *0,5 (0,4–0,7) p < 0.01
FreeT (nmol/L) 3,3 (2,4–4,2) 2,7 (1,9–3,6) 2,9 (2,2–4,3) *2,1 (1,8–2,8) p < 0.01
SHBG (nmol/L) 26,0 (19,1–35,6) 24,3 (17,5–36,6) **33,3 (21,0–55,4) *45,0 (35,8–57,1) p < 0.01
FAI (nmol/L) 9,6 (6,6–14,3) 8,8 (6,7–14,8) **6,8 (3,6–11,9) *3,8 (3,2–5,3) p < 0.01
Androstenedione (mcg/L) 3,2 (2,5–4,2) 2,8 (2,2–4,3) 3,1 (2,6–4,4) *2,4 (2,1–3,1) p < 0.01
17-OH-P (mcg/L) 1,0 (0,7–1,3) 0,9 (0,6–1,2) ***2,1 (1,7–2,7) 0,8 (0,6–1,4) p < 0.01
DHEAs (mcg/L) 237,5 (175,6–314,0) 251,5 (188,0–322,0) 258,5 (189,4–335,0) 228,3 (164,0–293,3) NS
PRL (mcg/L) 9,45 (7,2–13,0) 9,7 (6,95–13,1) 11,8 (8,7–14,7) 11,5 (5,8–18,9) NS
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Fig. 2   Frequency of positive TAb in grouped phenotypes. When 
patients were grouped in phenotype A-B (including phenotype A and 
phenotype B) and phenotype C-D (including phenotype C and pheno-
type D) a significant higher frequency of positivity TAb was observed 
in grouped phenotypes A-B than in grouped phenotypes C-D (chi-
square p = 0.03)
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those differences were not statistically significant. We then 
grouped the patients as indicated before we found that TgAb 
frequency was higher in grouped phenotypes A-B (68/379, 
17.9%) than grouped phenotypes C-D (6/69, 8.7%), although 
these results were not significant (Chi square p = 0.07) 
(Fig. 3a).

We subsequently subdivided the patients according to 
the serum level of TgAb. We found that low titer TgAb 
(≤ 100 UI/ml) frequency did not differ significantly among 
the 4 phenotypes (17/260, 6.5% in phenotype A; 12/119, 
10.1% in phenotype B; 4/38, 10.5% in phenotype C; 2/31, 
6.5% in phenotype D). High titer TgAb (> 100 UI/ml) were 
instead significantly more frequent in phenotype A (32/260, 
12.3%) and phenotype B (7/119, 5.9%) compared to pheno-
type C (0/38, 0.0%) and phenotype D (0/31, 0.0%) (Fisher 
exact tests p < 0.01).

Low titer TgAb frequency did not differ significantly 
among the grouped phenotypes A-B (6/69, 7.7%) and C-D 
(29/379, 8.7%). High titer TgAb frequency was instead 
significantly more frequent in grouped phenotypes A-B 
(39/379, 10.3%) than grouped phenotypes C-D (0/69, 0.0%) 
(Fisher exact tests p < 0.01) (Fig. 3b).

Anti‑thyroperoxidase antibodies

Positive TPO were found in 66/448 (14.7%) patients. TPOAb 
frequency was higher in phenotype A (43/260, 16.5%) and 
phenotype B (18/119, 15.1%) than phenotype C (4/38, 
10.5%) and phenotype D (1/31, 3.2%), although the differ-
ences were not statistically significant.

TPOAb frequency was higher in regrouped phenotypes 
A-B (61/379, 16.1%) than regrouped phenotypes C-D (5/69, 

7.2%), although the results were on borderline statistical sig-
nificance (Fisher exact tests p = 0.06) (Fig. 4a). Considering 
different TPOAb titer levels, low titer TPOAb (≤ 100 UI/ml) 
frequency did not differ significantly among the 4 pheno-
types (16/260, 6.2% in phenotype A; 6/119, 5.0% in pheno-
type B; 3/38, 7.9% in phenotype C; 0/31, 0.0% in phenotype 
D). High titer TPOAb (> 100 UI/ml) frequency was higher 
in phenotype A (27/260, 10.4%) and phenotype B (12/119, 
10.1%) than phenotype C (1/38, 2.6%) and phenotype D 
(1/31, 3.2%), without statistical significance (p = 0.43). Low 
titer TPOAb frequency did not differ significantly between 
regrouped phenotypes A-B (22/379, 5.8%) and C-D (3/69, 
4.3%). High titer TPOAb frequency was instead higher in 
regrouped phenotypes A-B (39/379, 10.3%) than regrouped 
phenotypes C-D (2/69, 2.9%), although no statistical signifi-
cance was found (Fig. 4b).

PCOS phenotypes and thyroid function

Thyroid function was evaluated in 448 PCOS patients. 
Hypothyroidism was found in 53/448 patients (11.8%). Out 
of these 53 patients 21 had serum TSH levels > 4 mU/L and 
32 were hypothyroid under treatment with L-T4.

Hypothyroidism frequency was significantly higher in 
phenotype B (24/119, 20.7%) than phenotype A (22/260, 
8.6%), phenotype C (5/36, 13.9%) and phenotype D (2/31, 
6.5%) (p = 0.009).

Hypothyroidism was significantly more frequent in 
patients with TAb positivity (23/87, 26.4%) rather than 
patients with TAb negativity (30/352, 8.5%) (p < 0,01) (Chi 
square) (Fig. 5).
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Fig. 3   Frequency of positive TgAb in grouped phenotypes. Panel A: 
the frequency of positive TgAb was higher in grouped phenotypes 
A-B than grouped phenotypes C-D although these results were not 
significative (chi square p = 0.07). Panel B: the frequency of low titer 

TgAb (< 100  U/ml) was not significantly different phenotypes A-B 
and C-D. The frequency of high titer TgAb (> 100  U/ml) was sig-
nificantly higher in phenotypes A-B than in phenotypes C-D (Fisher 
exact test p < 0.01)
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A binary logistic regression was performed to assess 
whether the differences in hypothyroidism frequency were 
influenced only by TAb presence or also by metabolic dif-
ferences among the phenotypes. Presence of hypothyroidism 
resulted to be significantly associated to TAb presence (OR 
4.19; CI 2,25–7.79; p < 0,01) but not associated to phenotype 
(OR 1.29; CI 0.97–1.76; p = 0.109) (Table 2).

Thyroid autoimmunity and hormonal profile

No significant difference was observed in serum levels of 
androgen hormones and 17-OH progesterone levels among 
TAb positive and TAb negative patients, as shown in Table 3.

Discussion

PCOS is a heterogeneous disease whose pathophysiol-
ogy and etiology are still debated. Several epidemio-
logical studies have reported a prevalence of PCOS is 
5–10% in women of reproductive age [7, 25], however the 
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Fig. 5   Frequency of hypothyroidism in TAb positive versus TAb 
negative PCOS patients. Hypothyroidism was significantly more fre-
quent (chi square p < 0,01) in TAb positive compared to TAb negative 
PCOS patients

Table 2   Binary logistic regression analysis of variables affecting 
hypothyroidism

Presence of hypothyroidism was significantly associated to TAb posi-
tivity but not to PCOS phenotypes

Odds ratio 
(Exp B)

Confidence interval p

PCOS Pheno-
types

1.29 0.97–1.76 p = 0.109

TAb 4.19 2.25–7.79 p < 0.01

Table 3   Androgen hormonal levels in TAb positive and TAb negative 
patients

No significant difference was observed in serum levels of androgen 
hormones and 17-OH progesterone levels among TAb positive and 
TAb negative patients

TAb negative TAb positive p

17-OH-P (mcg/L) 1.0 (0.7–1.5) 1.0 (0.7–1.5) NS
T (mcg/L) 0.7 (0.6–0.9) 0.8 (0.6–0.9) NS
FAI (nmol/L) 8.4 (5.5–13.7) 9.3 (6.5–13.0) NS
FreeT (nmol/L) 2.9 (2.2–3.9) 3.1 (2.1–4.6) NS
SHBG (nmol/L) 27.2 (19.1–39.0) 27.5 (20.7–37.2) NS
Androstenedione 

(mcg/L)
3.1 (2.3–4.2) 3.0 (2.4–4.2) NS

DHEAs (mcg/L) 250.0 (179.4–32.,0) 226.0 (176.9–308.0) NS
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frequency of these disease depends on the criteria used 
for its diagnosis.

PCOS phenotype changes with age. Clinical and bio-
chemical hyperandrogenism are a major concern in young 
PCOS women, while metabolic burden tends to increase 
with aging [24].

This study included 448 patients with PCOS, all recruited 
at the Endocrinology Unit I by the Pisan University Hospital. 
Out of the 448 patients 260 (58.0%) were included in Pheno-
type A, 119 (26.6%) in Phenotype B, 38(8.5%) in Phenotype 
C and 31 (6.9%) in Phenotype D.

In this study we evaluated the frequency of thyroid auto-
immunity in PCOS patients subdivided in the four pheno-
types described. The association between autoimmunity 
and PCOS has been widely discussed in recent years [8, 26, 
27] and several studies have investigated the prevalence of 
Hashimoto’s thyroiditis in PCOS patients in different geo-
graphic areas. In a recent meta-analysis [28] the relation-
ship between AITD and PCOS was evaluated in 13 stud-
ies including a total of 1210 women diagnosed with PCOS 
and 987 healthy controls. AITD was observed in 26.03% of 
PCOS patients and 9.72% of controls. Overall, there was a 
significant association between PCOS and the possibility of 
AITD (OR = 3.27, 95% CI 2.32–4.63).

In this study, positive TAb (including TgAb and/or 
TPOAb positivity) were detected in 90/448 patients (20.1%). 
In particular, positive TgAb were found in 74/448 (16.5%) 
patients and TPOAb in 66/448 (14.7%). These frequencies 
are comparable to those reported in the majority of stud-
ies on this topic. In the study of Arduc et al. [29] a higher 
prevalence of AITD was observed in women with PCOS 
(22.1%) compared to non-PCOS controls (5%), with posi-
tive TPOAb detected in 26.7% of PCOS patients and 6.6% of 
controls and TgAb in 16,2% of PCOS and 5% of controls. A 
higher prevalence of HT in women with PCOS has also been 
reported in other studies conducted in Europe. In the work 
of Janssen et al. of of 2004 in Germany HT was diagnosed 
in 20.6% of PCOS patients and 6.5% of controls [30] and in 
the study of Garelli et al. of 2013 in Italy and 27% and 8% 
respectively [31].

The reasons for the association between thyroid auto-
immunity and PCOS are not known. Genetic factors are 
involved in the pathogenesis of both autoimmune thyroidi-
tis and PCOS but a common background between these two 
diseases has not been established.

Sex hormones are involved in the pathogenesis of autoim-
munity as demonstrated by the higher frequency of autoim-
mune disease in women. Estrogen levels have a stimulating 
action on the immune system [30, 32], while androgens have 
an inhibitory effect on most elements of the immune system 
[33]. Progesterone can also inhibit the proliferation of mac-
rophages, IL6 synthesis and peripheral antibody production 
[32]. Furthermore, in vivo and in vitro data indicate that 

progesterone has some ability to suppress CD4+T cell pro-
liferation and TH1 response [34].

Women with PCOS usually have similar estrogen levels, 
higher testosterone levels, and lower progesterone levels 
than healthy controls. In patients with oligo-anovulatory 
cycles, periods characterized by a high concentration of 
estrogen and a low concentration of progesterone frequently 
occur, which could therefore increase the susceptibility to 
the development of autoimmune diseases. Androgens, on 
the other hand, have an immunosuppressive activity, which 
however does not seem to be sufficiently powerful to be able 
to be in contrast the combined action of estrogen and proges-
terone [35]. Consequently, the imbalance between estrogens, 
progesterone, and androgens typical of PCOS could be a 
predisposing factor to the development of HT.

Mariotti et al. first described that female predominance 
of autoimmune thyroiditis strongly increases during puberty, 
suggesting a major role for sex hormones in this phenom-
enon [36].

In this work we evaluated the frequency of thyroid auto-
immunity in different PCOS phenotypes.

Positive TAb were significantly more frequent (Fig. 2) in 
phenotypes A-B (83/379, 21.9%) than in phenotypes C-D 
(7/69, 10.1%). Positive TgAb were more frequent in grouped 
phenotypes A-B (68/379, 17.9%) than in C-D phenotypes 
(6/69, 8.7%) even if this difference was not significant 
(p = 0.07) (Fig. 3a). However, when TgAb were subdivided 
according to their serum level (Fig. 2b) high titer TgAb were 
significantly more frequent (p =  < 0.01) in grouped pheno-
types A-B (39/379, 10.3%) than in phenotypes C-D (0/69, 
0.0%) while low titer positive TgAb showed a similar fre-
quency in the regrouped phenotypes A-B (6/69, 7.7%) and 
C-D (29/379, 8.7%) (Fig. 3b). A similar result was observed 
when only TPOAb were taken into account even if the dif-
ferences were not statistically significant (Fig. 4a and b).

Taken together, these results show that the frequency and 
serum levels of TAb are different in the different PCOS phe-
notypes. In particular, a higher frequency of TAb and higher 
titer of TgAb and TPOAb are mainly found in phenotypes A 
(complete PCOS) and B (classic PCOS), characterized by 
the presence of hyperandrogenism and oligo-anovulation, 
conditions in which the imbalance between estrogen, andro-
gen and progesterone hormones may induce the onset of 
autoimmunity. Phenotype C (ovulatory PCOS) is character-
ized by the presence of ovulatory cycles in which progester-
one can balance the action of estrogens in the induction of 
thyroid autoimmunity. Phenotype D (non-hyperandrogenic 
PCOS) is characterized by a clinical and hormonal picture 
different from that found in phenotypes A and B. In pheno-
types C and D, we found not only a lower frequency of TAb, 
but also the absence of high titer TgAb and the presence of 
high titer TPOAb only in 1/ 38 patients with phenotype C 
and in 1/31 patients with phenotype D.
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Different results have been reported by Gawron [37] who 
found a lower incidence of TAb (12%) and no significant 
association between the different PCOS phenotypes and the 
presence of TAb.

The discrepancy between these results and our find-
ings may be due to different characteristics of the popula-
tion studied and diagnostic criteria adopted; in the study 
of Gawron autoimmune thyroiditis was diagnosed only in 
4.4% of patients, a frequency much lower compared to the 
data reported in the majority of the studies in the literature.

We have analyzed the hormonal profile of the women 
with PCOS evaluating the serum levels of androgens and 
17OH progesterone of the patients divided according to the 
presence of positive TAb. We did not find any statistically 
significant hormonal difference between the TAb positive 
and TAb negative patients (Table 3). Our findings are in 
agreement with the results reported in other studies that 
didn’t find any relationship between androgens and the pres-
ence of anti-thyroid autoantibodies in PCOS patients [29, 
37].

Finally, we evaluated the frequency of hypothyroid-
ism in patients with PCOS subdivided in the 4 phenotypes 
described. Hypothyroidism has been found in 10–36% of 
women with PCOS [14, 37–44] and the differences may 
depend on the geographical area, ethnicity, and age of the 
reference population, but also on the diagnostic criteria 
adopted by each study. In a meta-analysis conducted by Ding 
et al. the results of 6 studies were analyzed, including a total 
of 692 women diagnosed with PCOS and 540 controls, and 
a significant association between PCOS and hypothyroidism 
was found (OR = 2.87, CI 1.82–9. 92; p < 0.01) [14, 37–44].

In our study, hypothyroidism was present in 53/439 
(12.1%) patients (21 untreated with serum TSH 
level > 4 mU/L and 32 in treatment with L-T4). These results 
are in agreement with the frequency of hypothyroidism in 
PCOS patients reported in literature [14, 37–44].

We have also evaluated the prevalence of hypothyroid-
ism in the 4 PCOS phenotypes. Hypothyroidism was sig-
nificantly more frequent in phenotype B (24/119, 20.7%) 
than in phenotype A (22/256, 8.6%), C (5/36, 13.9%) and 
D (2/31, 6.5%).

Unfortunately, the majority of our hypothyroid patients 
were under treatment with L-thyroxine and therefore it was 
not possible to study the relationship between hypothyroid-
ism and metabolic features.

Furthermore, subdividing the patients according to the 
presence of TAb, hypothyroidism was significantly more 
frequent in patients with TAb positive (23/87, 26.4%) than 
in patients with TAb negative (30/352, 8.5%) (Fig. 5). A 
binary logistic regression was performed showing a signifi-
cant association between hypothyroidism only with presence 
of TAb (OR 4.19; IC 2.25–7.79; p < 0.01), but not with the 
PCOS phenotype.

One limitation of this study is the relatively small size of 
the group of patients included. For this reason, we observed 
in phenotypes A-B a significant higher frequency only of 
positive TgAb, while the frequency of positive TPOAb was 
higher but not statistically significant. In order to confirm 
these observations, further and possibly multicentric studies 
will be required. A further limitation of this study is that it 
is a cross-sectional study, being thyroid function evaluated 
with a single measurement of TSH. As the majority of hypo-
thyroid patients were under treatment with L-T4 we were 
not able to evaluate the possible relationship between hypo-
thyroidism and metabolic features in these PCOS patients. 
Further prospective studies are needed in order to define the 
role of hypothyroidism in the different phenotypes of PCOS.

In conclusion, in this study we observed that the fre-
quency of positive TAb is different in the different PCOS. 
This difference is probably related to the imbalances 
between estrogens, androgens, and progesterone typical of 
the syndrome and more evident in phenotypes A and B, in 
which we found a higher frequency of positive TAb and 
higher serum levels of TgAb and TPOAb.
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