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Abstract: Background: Subacute thyroiditis (SAT) is characterized by profound inflammation and
fluctuations in thyroid hormones which may affect the hemostasis balance. This study investigates sex-
specific associations between thyroid status, inflammation and hemostasis biomarkers in SAT. Methods:
We included 52 patients (40 women and 12 men) treated with non-steroidal anti-inflammatory drugs
(NSAID) or methylprednisolone (MPS). Free thyroxine (fT4), thyroid stimulating hormone, C-reactive
protein, complete blood count and routine hemostasis parameters were assessed. Results: Both men
and women were in hyperthyroid state and had comparable levels of inflammatory biomarkers. A
shortened activated partial thromboplastin time (aPTT) was observed in 16.7% of the men and 10%
of the women (p = 0.562), and a shortened prothrombin time (PT) was observed in 33% of the men
and 12.5% of the women (p = 0.094). In men, aPTT positively correlated with fT4 (r = 0.627; p < 0.05),
while PT positively correlated with leukocyte-based inflammatory indices in women (p < 0.05).
NSAID-treated patients had lower aPTTs and platelet counts than those treated with MPS (p < 0.05).
Principal component analysis extracted “proinflammatory”, “prothrombotic” and “antithrombotic”
factors, but the “proinflammatory” factor was the independent predictor of elevated fT4 in women
(OR = 2.705; p = 0.036). Conclusions: Our data demonstrated sex-specific associations of thyroid status
and inflammatory biomarkers with hemostasis parameters in SAT. Routine hemostasis screening
tests may help in monitoring the changes in the hemostasis system over the course of SAT.

Keywords: inflammatory biomarkers; prothrombin time; activated partial thromboplastin time

1. Introduction

Subacute thyroiditis (SAT) is a relatively benign inflammatory disease of the thy-
roid gland that occurs mainly in women. To date, the exact etiology of SAT is not fully
understood, but it is thought to be a complex interaction of genetic and environmental fac-
tors [1]. Although SAT is generally considered to be a self-limiting disease, in certain cases
it can lead to permanent thyroid dysfunction. In recent years, interest in understanding
the causes and consequences of SAT has increased, particularly following the COVID-19
pandemic [2–4].

In general, patients with SAT experience transient thyrotoxicosis, followed by hy-
pothyroidism and finally complete recovery of thyroid function [1]. Available data suggest
that the pleiotropic effects of thyroid hormones also extend to the hemostasis system [5].
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Accordingly, fluctuations in thyroid hormone levels in SAT may disrupt the delicate balance
of hemostasis by affecting the clotting and fibrinolysis processes [6], potentially increasing
the risk of thrombosis or hemorrhage [7]. This may be of particular importance considering
that SAT is characterized by exacerbated inflammation [8], which may contribute to the
activation of the hemostasis system [9,10], as has been documented in other diseases with
an inflammatory background [11,12]. However, the interplay between thyroid function,
inflammation and hemostasis biomarkers in SAT is still largely unexplored.

Another important aspect of SAT is pharmacological treatment, which is primarily
based on the administration of non-steroidal anti-inflammatory drugs (NSAIDs) or corti-
costeroids [13]. Both types of treatment can also have an effect on the hemostasis system.
In particular, NSAID therapy is known to impair platelet function [14], while corticosteroid
administration promotes a hypercoagulable state [15]. However, there are currently no data
on the potential effects of anti-inflammatory SAT therapy on routine hemostasis biomarkers.

The aim of the present study was to evaluate the associations between thyroid function
and inflammatory and routine hemostasis biomarkers in patients with SAT, stratified by
gender. We also investigated the effects of SAT treatment on hemostasis screening test
results and the relationship between thyroid status and hemostasis parameters at baseline
with respect to SAT outcome at 6–12 months.

2. Materials and Methods
2.1. Study Participants

This study comprised 52 patients, including 40 women and 12 men. The coagulation
parameters of these patients were examined as an extension of a previously published
study on people diagnosed with SAT [8]. The patients were monitored and treated at
the Endocrinology and Metabolic Diseases Outpatient Clinic of Erzurum Teaching and
Research Hospital between November 2021 and June 2022. The diagnosis of SAT was made
in all patients based on the presence of characteristic symptoms, physical examination
findings, increased erythrocyte sedimentation rate (ESR), increased free thyroxine (fT4)
levels, decreased thyroid stimulating hormone (TSH) levels, decreased radioactive iodine
uptake, and the identification of hypoechoic regions with blurred borders and decreased
vascularization in thyroid ultrasound. Patients were monitored for 6–12 months. All
patients were treated with either indomethacin or methylprednisolone (MPS) at a dosage
of 16–32 mg, depending on their clinical condition. The method of adjusting the dosage
and duration of treatment may vary depending on the patient’s specific clinical symptoms.
All subjects included in the study suffered from SAT only and did not undergo any other
medical intervention besides treatment specifically for SAT. In addition, patients who were
under 18 years of age, pregnant, breastfeeding, diagnosed with postpartum thyroiditis
or suffering from amiodarone thyroiditis were excluded from the study. The study was
conducted in accordance with the ethical principles of the Declaration of Helsinki and
written informed consent was obtained from all participants.

2.2. Laboratory Methods

The biochemical and hematological examinations were performed in the morning
between 08:00 and 09:00 after a fasting period of at least eight hours. Complete blood count
parameters, including white blood cell count, platelet count, neutrophil count, lymphocyte
count and monocyte count, were analyzed using a Sysmex XN 9000 Autoanalyzer (Kobe,
Japan). Prothrombin time (PT) and activated partial thromboplastin time (aPTT) were
determined using a Sysmex CA-660 automatic hemostasis analyzer (Kobe, Japan). A
Cobas C 701 biochemical autoanalyzer (Roche, Mannheim, Germany) was used to examine
other biochemical parameters. A chemiluminescent immunoassay (Beckman Coulter, DXI
800, Brea, CA, USA) was used to quantify thyroid stimulating hormone (TSH) and free
thyroxine (fT4). The reference ranges for fT4, TSH, ESR and CRP were set as follows:
fT4: 11.46–22.65 pmol/L, TSH: 0.55–4.78 mIU/L, ESR: 0–20 mm/hour and CRP: 0–5 mg/L.
The leukocyte-based indices were calculated as follows: NLR by dividing the number of
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neutrophils by the number of lymphocytes; PLR by dividing the number of platelets by the
number of lymphocytes; SII by multiplying the number of neutrophils by the number of
platelets and then dividing by the number of lymphocytes; SLR by dividing the ESR by the
number of lymphocytes; LMR by dividing the number of lymphocytes by the number of
monocytes; TLR by dividing the number of platelets by the number of lymphocytes; CLR
by dividing the number of platelets by the number of lymphocytes; and GLR by dividing
the glucose level by the number of lymphocytes.

2.3. Statistical Analysis

The distribution of the data was tested using the Shapiro–Wilk test. Results are
presented as mean and 95% confidence interval (CI) for means for data not significantly
deviating from a normal distribution and as median and interquartile range (25th to
75th percentile) for data not normally distributed. Differences between groups were
analyzed using the Mann–Whitney U test. Categorical variables were compared using
the chi-square test, while correlations were analyzed using Spearman’s rank correlation
coefficients. Principal component analysis (PCA) with varimax-normalized rotation was
performed to extract the factors, that were then tested using binary logistic regression
analysis. Specifically, an eigenvalue >1 was used to extract the factors, while variables
with factor loadings >0.5 were considered for the interpretation of the selected factors
in PCA. Binary logistic regression analysis was used to test for a possible independent
association between selected factors and highly increased fT4 values, i.e., values above
the 75th percentile (fT4 > 30.5 pmol/L). Statistical analysis was performed using PASW®

Statistic v.18 software (Chicago, IL, USA), and p-values < 0.05 were considered to indicate
statistical significance.

3. Results

The current study included 52 consecutive patients with SAT aged 43 (40–47) years.
Although gender was not an exclusion criterion, the majority of patients were female
(76.9%). The men were on average 48 (39–58) years old, and the women, 42 (39–46) years
old (p = 0.385). The average SAT recovery time was 30 (20–40) days, with no significant
difference between the sexes (p = 0.501). A statistically significant difference (p < 0.05) was
found between the number of men and women treated with NSAIDs (34.4% men vs. 66.6%
women) and MPS (5% men vs. 95% women).

The results of the laboratory analyses are shown in Table 1. There were no significant
differences in the number of neutrophils and lymphocytes between men and women.
However, the monocyte count was significantly higher in men. There were no differences
between the sexes in routine hemostasis parameters (PT, aPTT and INR) or platelet count.
A shortened aPTT (<25 s) was observed in 16.7% of men and 10% of women (p = 0.562),
while PT was shortened in 33% of men and 12.5% of women (<12 s) (p = 0.094). The analysis
of biochemical parameters revealed a slight reduction in HDL-C and TG levels in SAT
patients, and these changes were more pronounced in men. As expected, the parameters of
thyroid status indicated hyperthyroidism, with no gender differences. Similarly, men and
women with SAT had comparable levels of inflammatory biomarkers (Table 2). However,
the difference in the monocyte/HDL-C ratio was of borderline significance (p = 0.050), as
the monocyte count was significantly higher in men.

In all SAT patients, higher CRP levels were associated with increased fT4 and reduced
TSH levels. The fT4 levels were also positively related to lymphocyte-based inflammatory
indices, while TSH levels showed opposite relationships, with the exception of LMR. In
addition, THS levels showed no correlations with SII and NLR indices (Table 3). Of note,
no significant correlations were found with hemostasis parameters.
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Table 1. Biochemical and hematological parameters in patients with SAT.

Parameter All
(N = 52)

Men
(N = 12)

Women
(N = 40) Pgender

Neutrophils, ×109/L * 5.9 (5.1–6.6) 6.2 (4.0–8.4) 5.8 (5.0–6.7) 0.487
Lymphocytes, ×109/L * 2.0 (1.8–2.2) 2.3 (1.8–2.7) 1.9 (1.8–2.1) 0.441
Monocytes, ×109/L * 0.66 (0.57–0.83) 0.86 (0.48–1.24) 0.67 (0.60–0.74) 0.025
Platelets, ×109/L * 354 (312–472) 386 (263–509) 394 (354–434) 0.753
PT, s 13.2 (12.5–13.8) 13.9 (12.1–15.8) 13.2 (12.5–13.7) 0.794
INR 1.0 (0.9–1.1) 1.0 (0.9–1.1) 1.0 (0.9–1.1) 0.328
aPTT, s * 28.7 (27.6–29.7) 28.7 (24.7–32.9) 28.6 (27.6–29.7) 0.558
Glucose, mmol/L 5.4 (4.7–6.1) 4.2 (4.1–4.8) 5.6 (4.7–6.1) 0.891
HDL-C, mmol/L 1.16 (0.91–1.24) 0.91 (0.85–0.93) 1.16 (0.96–1.34) 0.139
TG, mmol/L * 1.33 (0.88–1.65) 0.98 (0.55–1.4) 1.36 (1.04–1.83) 0.091
TSH, mIU/L 0.008 (0.008–0.010) 0.008 (0.008–0.008) 0.008 (0.008–0.115) 0.435
fT4, pmol/L * 27.0 (19.3–30.9) 33.5 (16.7–50.2) 25.7 (18.0–29.6) 0.178

The data are presented as medians (interquartile ranges) and were compared using the Mann–Whitney U test.
* Data are presented as the mean (95% CI). PT, prothrombin time; INR, international normalized ratio; aPTT,
activated partial thromboplastin time; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; TSH, thyroid
stimulating hormone; fT4, free thyroxine.

Table 2. Inflammatory biomarkers in patients with SAT.

Parameter All
(N = 52)

Men
(N = 12)

Women
(N = 40) Pgender

CRP, mg/L * 60 (32–91) 70.5 (26.9–114) 60 (32.5–85) 0.712
ESR, mm/h * 45 (30–67) 45 (25–65) 49 (31–71) 0.450
SII * 1190 (1016–1363) 1033 (695–1372) 1223 (1120–1425) 0.529
NLR 3.0 (2.6–3.4) 2.2 (2.1–2.4) 2.9 (2.4–3.4) 0.617
TLR * 205 (189–228) 175 (103–247) 211 (187–236) 0.257
LMR 2.76 (2.26–3.92) 2.91 (1.90–3.93) 2.76 (2.25–3.59) 0.241
GLR * 2.9 (2.6–3.2) 2.4 (1.6–3.2) 3.0 (2.7–3.3) 0.298
CLR * 28 (17–44) 30.5 (11.4–49.6) 28 (17.5–43.5) 0.983
Monocytes/HDL-C * 0.016 (0.012–0.020) 0.023 (0.010–0.037) 0.015 (0.012–0.019) 0.050
ESR/Lymphocytes 22 (16–33) 13.5 (12–16.5) 25 (17–33) 0.190

The data are presented as medians (interquartile ranges) and were compared using the Mann–Whitney U test.
* Data are presented as the mean (95% CI). CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; SII,
systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; TLR, thrombocyte-to-lymphocyte
ratio; LMR, lymphocyte-to-monocyte ratio; GLR, glucose-to-lymphocyte ratio; CLR, CRP-to-lymphocyte ratio.

Table 3. Associations between inflammation and thyroid status parameters in patients with SAT.

fT4, pmol/L TSH, mUI/L

Parameter r p r p

CRP, mg/L 0.380 <0.01 −0.372 <0.01
SII 0.333 <0.05 −0.128 0.367
NLR 0.313 <0.05 −0.086 0.546
LMR −0.351 <0.05 0.284 <0.05
CLR 0.417 <0.01 −0.372 <0.01
Monocytes/HDL-C 0.317 <0.05 −0.411 <0.01

The results of Spearman’s correlation analysis. TSH, thyroid stimulating hormone; CRP, C-reactive protein; LMR,
lymphocyte-to-monocyte ratio; HDL-C, high-density lipoprotein cholesterol, NLR, neutrophil-to-lymphocyte
ratio; SII, systemic immune-inflammation index, CLR, CRP-to-lymphocyte ratio.

We then examined the relationships between inflammatory parameters, thyroid status
and hemostasis in relation to gender (Table 4). In men, TSH levels were inversely associated
with INR, while fT4 levels were positively correlated with aPTT. Of the inflammatory
biomarkers examined, only NLR was inversely associated with aPTT. Platelet count in men
was positively correlated with ESR and SII. In contrast, no significant correlations were
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found between thyroid status and hemostasis parameters in women. However, PT and INR
were positively correlated with the inflammatory indices SII and NLR in women, while PT
was also positively correlated with neutrophil count. In addition, positive correlations were
found between platelet count and neutrophil and monocyte counts, as well as with the
SII and NLR indices. The platelet count in women was also positively associated with the
CRP level. As expected, the associations between fT4 levels and inflammatory biomarkers
observed in the study group as a whole were also seen in the separate analysis of women.

Table 4. Associations between inflammation, thyroid status and hemostasis parameters in relation
to gender.

Parameter Sex PT, s aPTT, s INR Platelets, ×109/L

TSH, mUI/L Men −0.452 −0.524 −0.604 * 0.059
Women 0.036 0.117 0.084 −0.210

fT4,pmol/L Men −0.119 0.627 * 0.238 0.028
Women −0.109 −0.018 −0.209 0.269

ESR, mm/h Men −0.446 −0.114 −0.455 0.745 **
Women −0.171 −0.184 −0.214 0.182

Neutrophils, ×109/L Men −0.070 −0.140 0.112 0.315
Women 0,326 * 0.086 0.288 0.438 **

Lymphocytes, ×109/L Men 0.277 0.070 0.266 0.119
Women 0.005 −0.108 −0.089 0.084

Monocytes, ×109/L Men 0.011 −0.135 0.277 0.337
Women 0.256 −0.064 0.259 0.514 **

CRP, mg/L Men 0.249 0.231 0.559 0.336
Women −0.294 0.055 −0.243 0.317 *

SII Men −0.175 −0.392 0.056 0.741 **
Women 0.382 * 0.063 0.397 * 0.696 **

NLR Men −0.112 −0.600 * −0.102 −0.032
Women 0.347 * 0.151 0.393 * 0.347 *

The results of Spearman’s correlation analysis: * p < 0.05; ** p < 0.01. TSH, thyroid stimulating hormone;
ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; SII, systemic immune-inflammation index; NLR,
neutrophil-to-lymphocyte ratio.

Regarding associations with biochemical parameters, we found that the HDL-C level
was inversely associated with INR in men (r = −0.820; p < 0.05), while serum glucose level
was positively correlated with fT4 level in women (r = 0.328; p < 0.05).

We further investigated the effects of SAT treatment on hemostasis screening and
platelet count (Figure 1). This analysis revealed that SAT patients treated with NSAIDs had
significantly lower aPTTs and platelet counts than patients treated with MPS.

In order to test for a possible independent association between the investigated labora-
tory variables and highly increased fT4 levels, we first reduced the number of parameters
by PCA. The factors extracted by PCA consisted of parameters with comparable variability.
The Kaiser–Meyer–Olkin index (KMO) as a measure of sampling adequacy was 0.521 (the
condition for KMO > 0.500 is satisfied), and the Bartlett’s test for sphericity, which yielded
p = 0.001 (the condition for Bartlett’s test p is less than 0.05), demonstrated the significance
of the analysis. The first principal component is the linear combination of variables that
accounts for the largest proportion of variance in the data, the second principal component
is the combination that accounts for the next largest proportion, and so on. The extracted
factors with the loadings of the included variables are shown in Table 5.
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Figure 1. Effect of SAT treatment on hemostasis parameters and platelet count. NSAIDs, non-steroidal
anti-inflammatory drugs; MPS, methylprednisolone; aPTT, activated partial thromboplastin time; PT,
prothrombin time; INR, international normalized ratio.

Table 5. PCA-derived factors in SAT patients.

Factors Variables Included in the Factor Loadings of the Variables Factor Variability, % (Total
Variance: 46%)

Proinflammatory factor

Anti-inflammatory therapy 0.702

19

CRP, mg/L 0.687
Platelets, ×109/L 0.645
Neutrophils, ×109/L 0.622
Monocytes, ×109/L 0.619
ESR, mm/h 0.574

Antithrombotic factor
aPTT, s −0.669

15HDL-C, mmol/L −0.578
Glucose, mmol/L 0.546

Prothrombotic factor
Gender 0.635

12PT, s −0.536
TG, mmol/L 0.522

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; APTT, activated partial thromboplastin time; HDL-C,
high-density lipoprotein cholesterol; PT, prothrombin time; TG, triglycerides.

The extracted factors explained 46% of the total variance of the included parameters.
The first factor was labelled “proinflammatory factor” and included the following: anti-
inflammatory therapy; CRP level, platelet, neutrophil and monocyte counts; and ESR, all
with positive loadings. This factor explained 19% of the total variance. The second factor
explained 15% of the total variance and was termed the “antithrombotic factor” due to
its negative loadings for aPTT and HDL-C and its positive loading for glucose. The third
factor explained 12% of the variance and was interpreted as a “prothrombotic factor” as it
loaded positively for gender and TG and negatively for PT.
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Scores for each factor were calculated and used as independent variables in a binary
logistic regression analysis to determine associations with highly increased fT4 levels
(fT4 > 30.5 pmol/L). As shown in Table 6, among the extracted factors, the only significant
predictor of fT4 levels was “proinflammatory factor” in a group of female patients. Specifi-
cally, this analysis showed that increased fT4 levels were predicted by a higher value of
“proinflammatory factor” (OR = 2.705; p = 0.036). This regularity did not apply to the group
of male patients.

Table 6. Logistic regression analysis for the prediction of increased fT4 levels by PCA-derived factors
in women.

Predictors B (SE) Wald
Coefficient

OR
(95% CI) p

Proinflammatory factor 0.995 (0.476) 4.375 2.705
(1.065–6.875) 0.036

Antithrombotic factor −0.285 (0.506) 0.319 0.752
(0.279–2.025) 0.573

Prothrombotic factor −0.751 (0.673) 1.244 0.472
(0.126–1.766) 0.265

SE, standard error; OR, odds ratio; CI, confidence interval.

Although 13.5% of patients developed permanent thyroid dysfunction during the
follow-up period, we found no significant differences in inflammatory or hemostasis
parameters at baseline between patients who developed hypothyroidism and those who
did not. However, in patients who developed permanent hypothyroidism during follow-
up, baseline PT was positively associated with fT4 level (r = 0.893, p < 0.01), but inversely
associated with TSH level (r = −0.867, p < 0.01). It is noteworthy that such correlations
were not observed in euthyroid patients.

4. Discussion

In the present study, we were able to demonstrate gender-specific associations be-
tween thyroid status, inflammatory biomarkers and routine parameters of hemostasis
in patients with SAT. In particular, significant associations between inflammatory and
hemostasis biomarkers were found in women, while an association between thyroid status
and hemostasis biomarkers was evident in men. Furthermore, the “proinflammatory factor”
was found to be a significant predictor of elevated fT4 levels only in women. Furthermore,
our data showed differential effects of anti-inflammatory treatment of SAT on the results of
routine hemostasis tests.

Highly elevated inflammatory biomarkers are one of the main features of SAT, with
ESR and CRP being measured most frequently. These characteristic findings were also
confirmed in the current study, along with an increase in several novel leukocyte-based
inflammatory indices (Table 2), as observed by others [8,16,17]. Although there were no
gender differences in the inflammatory markers studied, the monocyte count was signifi-
cantly higher in men (Table 1). Sexual dimorphism in leukocyte composition has previously
been reported, with men having higher monocyte counts [18], although the exact role of
testosterone is not fully understood [19,20]. The patients included in our study were hyper-
thyroid, as evidenced by increased fT4 levels and decreased TSH (Table 1). Furthermore,
elevated fT4 levels correlated with increased inflammatory biomarkers (Table 3), reflecting
the inflammatory response and damage to thyroid tissue.

Although hemostasis screening is not routinely performed in patients with SAT, the
systemic effects of inflammation and fluctuations in thyroid hormone levels during the
course of SAT can disrupt the balance between plasma procoagulants and anticoagulants.
An interesting finding observed in men was a positive correlation between fT4 levels and
aPTT (Table 4), suggesting a tendency for prolonged clotting time with elevated thyroid
hormones. Of note, aPTT is responsive to a lack of contact factors and intrinsic and com-
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mon pathway factors, but can also be prolonged in inflammatory patients [21]. However,
in the vast majority of our SAT patients, aPTT was within the reference values, indicat-
ing that further investigation is needed to clarify the mechanisms behind the observed
association. Nevertheless, a certain number of patients had a shortened PT and aPTT,
implying that hemostasis screening may identify those with a prothrombotic state during
the hyperthyroid phase. On the other hand, hypothyroidism occurring in the latter phase
of SAT may lead to a bleeding tendency [22]. Taken together, our data suggest that routine
hemostasis screening tests may help to monitor changes in the hemostasis system between
the hyperthyroid and hypothyroid phases of SAT.

In addition to producing an excess of thyroid hormones, inflammation can also alter
the concentration of coagulation factors [9], which can influence the results of hemostasis
screening tests. In the current study, a positive association was found between PT and the
inflammatory biomarkers SII and NLR, but only in women (Table 4). At this point, it is
important to mention that our data showed different effects of anti-inflammatory treatment
of SAT on hemostasis biomarkers (Figure 1). Although NSAID therapy has no direct effects
on hemostasis screening tests, its effects on platelet function could indirectly influence the
results of PT and aPTT tests [23]. The lack of a significant association between thyroid
parameters and hemostasis parameters in women (Table 4) suggests that inflammation
rather than thyroid dysfunction contributes to the disturbances in hemostasis in women
with SAT.

Thyroid disorders are associated with a number of abnormalities in platelet count,
morphology and function [7,24–26]. The results of the current study suggest that platelet
count may be a more reliable indicator of the procoagulant state associated with inflamma-
tion in SAT. Indeed, platelet count showed a significant positive correlation with most of the
inflammatory biomarkers examined, including ESR, CRP, and neutrophil and lymphocyte
counts (Table 4). This is not an unexpected result considering that platelets, in addition to
their hemostatic function, also play an important role in regulating immune response and
inflammation [27]. Another important finding of our study is the effects of SAT therapy on
platelets. In particular, a significantly higher platelet count was found in patients treated
with corticosteroids than in patients receiving NSAIDs (Figure 1). Although previous
studies have shown the effects of corticosteroid and NSAID therapy on platelet count and
function [14,15], to our knowledge, this study is the first to demonstrate such effects in
patients with SAT. Elevated platelet counts in patients treated with corticosteroids indicate
a potential risk of developing a hypercoagulable state. This may be of particular importance
in women as they tend to have higher platelet reactivity than men [28,29]. However, some
studies suggest that corticosteroid therapy can prevent the development of permanent
hypothyroidism after SAT, emphasizing the need to weigh the risks and benefits [30,31].

The associations reported in the current study indicate multiple interactions between
biomarkers of pathophysiological processes in SAT, with the interplay between inflamma-
tion and thyroid dysfunction being the most prominent (Table 3). The mutual associations
and common features of the studied biomarkers were further revealed by PCA, which
categorized them into different phenotypes such as “proinflammatory”, “prothrombotic”
and “antithrombotic” phenotypes (Table 5). Among these, the “proinflammatory factor”
was found to be an independent predictor of elevated fT4 in women, confirming the central
role of inflammation in the development of hyperthyroidism in SAT (Table 6).

Our study has several limitations. First, the design of our study did not allow us to
examine a causal relationship between SAT and hemostasis disorders in later life. Lon-
gitudinal studies tracking changes in biomarkers of thyroid function, inflammation and
hemostasis during the course of SAT and after clinical remission are needed to determine
the dynamics of these associations and their long-term effects. Furthermore, since all
patients received anti-inflammatory therapy, our results and conclusions cannot be extrapo-
lated to untreated patients. Another limitation is the lack of data on specific coagulation
factors and platelet indices, such as mean platelet volume, platelet volume distribution
and platelet crit. The inclusion of these parameters would provide further insight into the
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integrity of the coagulation process and platelet functionality in SAT patients. Nevertheless,
the results of our current study may serve as a basis for future research. Finally, this study
was performed in a relatively small number of patients, so future studies with a larger
sample size are needed to investigate the significance of the observed results.

5. Conclusions

The data presented here indicate gender-specific associations between thyroid status,
inflammation and hemostasis biomarkers in patients with SAT. Our results suggest that
comprehensive laboratory testing, including hemostasis biomarkers, may be useful in
identifying SAT patients who should be monitored more closely for potential complications.
In this way, the routine screening of hemostasis and platelet count may be suggested in
the case of corticosteroid treatment and permanent thyroid dysfunction. Further studies to
investigate the observed complex interplay between gender, inflammation, thyroid function
and hemostasis are needed to improve the treatment of SAT in both men and women.
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