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From Inflammation to Endocrine Dysregulation: Thyroid
Hormonal Alterations in COVID-19
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Abstract

Background: Although thyroid dysfunction has been increasingly
reported in coronavirus disease 2019 (COVID-19), the mechanisms
linking severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection to thyroid hormonal disturbances remain incom-
pletely understood. The study aimed to examine the relationship
between inflammatory status and thyroid function in patients with
active COVID-19 and in post-COVID individuals, compared with
healthy individuals.

Methods: An observational study with a cross-sectional analytical ap-
proach was conducted in 101 participants allocated into three groups:
patients with active COVID-19 (group 1, n = 33), individuals with
thyroid dysfunction following recovery from COVID-19 (group 2, n
= 35), and a non-infected reference group (group 3, n = 33). Thyroid
parameters, including thyroid-stimulating hormone (TSH), free triiodo-
thyronine (FT3), free thyroxine (FT4), thyroglobulin (Tg), and thyroid
peroxidase (TPO); selected cytokines, including interleukin-17A (IL-
17A), interleukin-10 (IL-10), interleukin-7 (IL-7), and interferon-gam-
ma (IFN-y); and markers related to hypoxia and antioxidant defense,
including hypoxia-inducible factor 1-alpha (HIF-1a) and nuclear factor
erythroid 2-related factor 2 (NFE2L2), were assessed.

Results: Significant between-group differences were observed for
FT3 and TSH, with the lowest FT3 levels detected in the active
COVID-19 group. Reduced FT3 was the most frequent abnormality
in group 1, identified in 36.4% of patients, supporting a pattern con-
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sistent with euthyroid sick syndrome. TSH levels were significantly
lower in group 1 than in group 3, while FT3 levels differed signifi-
cantly between group 1 and both group 2 and group 3. HIF-1o and
NFE2L2 levels were highest in active COVID-19, indicating marked
intracellular hypoxia together with activation of the antioxidant de-
fense response. Receiver operating characteristic analysis showed
good discriminatory performance of HIF-1a for distinguishing active
COVID-19 from the reference group (area under the curve = 0.771).
Post-COVID patients showed the lowest median levels of IL-17A,
IL-10, IL-7, and IFN-y, together with a high frequency of autoim-
mune thyroid disorders, most commonly Hashimoto’s thyroiditis,
present in 65.7% of patients.

Conclusion: SARS-CoV-2 infection appears to induce transient thy-
roid hormonal alterations primarily through inflammatory and hypox-
ia-related mechanisms. These findings support the concept of virus-
induced euthyroid sick syndrome during acute infection and highlight
the potential for post-infectious thyroid dysfunction.

Keywords: COVID-19; Thyroid function; FT3; TSH; HIF-1a; In-
flammation; Post-COVID

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has emerged as a multisystem disecase affecting not
only the respiratory tract but nearly all organs and physiologi-
cal systems in the human body [1]. Increasing evidence indi-
cates that, beyond its pulmonary manifestations and systemic
inflammatory response, the viral infection exerts a substantial
impact on the endocrine system. In particular, involvement and
suppression of the hypothalamic—pituitary—thyroid (HPT) axis
have been associated with worse clinical outcomes [2].
Although thyroid dysfunction in COVID-19 has been in-
creasingly reported, the mechanisms linking SARS-CoV-2 in-
fection to thyroid hormonal disturbances remain incompletely
understood. In particular, the relative contribution of direct
viral tropism, systemic inflammation, immune dysregulation,
and hypoxia-related pathways across the acute and post-COV-
ID phases has not been fully clarified. This unresolved inter-
play represents an important knowledge gap in understanding
COVID-19-related endocrine dysfunction.
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Direct viral invasion represents a key and early mecha-
nism underlying endocrine dysfunction in COVID-19. This
process is driven by the pronounced viral organotropism to-
ward endocrine tissues, including the hypothalamus, pitui-
tary gland, thyroid and adrenal glands, gonads, and pancreas,
which express high levels of the key proteins mediating vi-
ral entry, namely angiotensin-converting enzyme 2 (ACE2)
and transmembrane serine protease 2 (TMPRSS2) [3]. Im-
portantly, the differential tissue distribution and expression
levels of ACE2 across human organs have been associated
with variability in viral tropism, disease severity, and clini-
cal outcomes, reflecting a key determinant of organ-specific
susceptibility to SARS-CoV-2 infection [4]. The interac-
tion between the viral spike protein and ACE2, followed by
TMPRSS2-mediated proteolytic priming, is essential for vi-
ral-host cell membrane fusion and subsequent cellular entry.
Thus, TMPRSS2 expression represents a critical rate-limit-
ing factor for viral entry and replication, as its proteolytic
activity enables spike protein activation and efficient viral
internalization. Importantly, emerging evidence suggests
that TMPRSS2 expression is subject to post-transcriptional
regulation by microRNAs, particularly miR-98-5p, which
has been identified as a specific modulator of TMPRSS2 ex-
pression in human endothelial cells through direct interaction
with TMPRSS2 mRNA [5]. These regulatory mechanisms
suggest that both receptor availability (ACE2) and protease
activity (TMPRSS2), together with their molecular regula-
tion, may contribute to inter-individual variability in tissue
susceptibility, viral load, and disease severity. Their presence
in the hormone-producing tissues of the endocrine organs fa-
cilitates direct viral invasion, replication, and maintenance of
local inflammation, with subsequent temporary or persistent
disruption of hormonal homeostasis [6].

Beyond direct viral effects, immune-mediated mecha-
nisms play a central role in the development of thyroid dys-
function in COVID-19. In particular, systemic inflammation
and immune-mediated cytotoxicity may contribute substan-
tially to thyroid injury. SARS-CoV-2—induced immune activa-
tion is characterized by increased activity of Th1 lymphocytes,
natual killer (NK) cells, and CD8" cytotoxic T cells, which
release pro-inflammatory and cytotoxic mediators, including
interferon-gamma (IFN-y). This cytotoxic immune response
promotes apoptotic and prothrombotic signaling within thy-
rocytes, contributing to ischemia, cellular injury, and tissue
necrosis [7].

At the molecular level, the SARS-CoV-2—induced inflam-
matory response is driven by the activation of key transcription
factors, particularly nuclear factor kappa-B (NF-kB), which
orchestrates the expression of a broad range of pro-inflamma-
tory cytokines, chemokines, and other inflammatory mediators
[8]. Emerging evidence indicates that this inflammatory milieu
may disrupt thyroid hormone homeostasis by interfering with
HPT axis regulation at multiple levels, potentially contributing
to primary, secondary, or tertiary thyroid dysfunction [9].

In moderate to severe COVID-19, an exaggerated systemic
inflammatory response may contribute to organ-specific mani-
festations, including subacute thyroiditis (SAT) and painless
thyroiditis [10, 11]. Persistent inflammatory activation may

also promote apoptosis and tissue injury, potentially contrib-
uting to prolonged thyroid dysfunction in some patients [12].

Panesar et al [13] and Lee et al [14] provide evidence for
the role of SARS-CoV-2-activated inflammatory mechanisms
in disrupting HPT axis integrity, leading to functional distur-
bances reflected by alterations in thyroid-stimulating hormone
(TSH) and thyroid hormone levels. Inflammatory activation
has been associated with suppressed TSH and impaired thy-
roxine (T4) synthesis. Moreover, NF-kB—dependent signaling
modulates deiodinase activity by upregulating type 2 deiodi-
nase (DIO2) while suppressing type 1 deiodinase (DIO1) ex-
pression, thereby reducing peripheral triiodothyronine (T3)
availability. This dysregulation contributes to the development
of low T3 syndrome (euthyroid sick syndrome, ESS), char-
acterized by decreased free triiodothyronine (FT3), elevated
reverse triiodothyronine (rT3), and inappropriately normal or
reduced TSH levels. Collectively, these findings indicate that
inflammation-driven alterations in both central regulation and
peripheral hormone metabolism disrupt thyroid hormone feed-
back homeostasis [13, 14].

A third potential mechanism involves virus-triggered au-
toimmune thyroid dysfunction, associated with increased pro-
duction of antithyroid antibodies, leading to thyroid functional
abnormalities ranging from hyperthyroidism (thyrotropin re-
ceptor antibodies, TRADb) to hypothyroidism (thyroglobulin
antibodies, TgAb; thyroid peroxidase antibodies, TPOAD),
with occasional transient thyrotoxic phases [7, 15]. Structural
and antigenic homology between the SARS-CoV-2 spike (S)
protein and thyroid peroxidase (TPO) may promote immune
cross-reactivity, thereby providing a potential mechanistic link
between viral infection and TPO-directed thyroid autoimmun-
ity [16]. These observations are further supported by Fallahi
et al [17], who suggest that SARS-CoV-2—related immune
dysregulation may contribute to autoimmune thyroid disease,
particularly in the post-COVID phase.

Further observations of Cuadrado et al [18] and Devaux
et al [19] on immune dysregulation in COVID-19 indicate that
virus-induced hypoxia and hypoxic stress activate signaling
pathways involving transcription factors such as hypoxia-in-
ducible factor-1a (HIF-1a) and nuclear factor erythroid 2-re-
lated factor 2 (NFE2L2). These pathways promote metabolic
reprogramming of immune cells and oxidative stress respons-
es, which may in turn disturb thyroid hormone metabolism. In
this context, HIF-1a-related hypoxic signaling may contribute
to suppression of deiodinase activity and reduced T3 forma-
tion, while NFE2L2 is more likely to reflect activation of an-
tioxidant defense mechanisms in response to oxidative stress
[14, 20]. The result is a decrease in TSH and FT3 during ac-
tive infection, with potential development of low T3 syndrome
(ESS) and transient thyroid hormone suppression [14, 21].

Aim of the study

To investigate the relationship between inflammatory status
and thyroid hormone levels in patients with active and post-
COVID-19 infection, and to determine whether SARS-CoV-2
induces disturbances in thyroid hormone regulation.
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Materials and Methods

Study design

An observational study with a cross-sectional analytical approach
was conducted at the University Hospital “Dr. Georgi Stranski,”
Pleven. Participants were recruited from different clinical depart-
ments, including the Clinic of Pulmonology and Phthisiology
and the Clinic of Endocrinology and Metabolic Diseases, accord-
ing to disease stage and clinical presentation. The groups were
not age-matched, and patients in the acute COVID-19 group
were older than those in the post-COVID and reference groups,
consistent with the age distribution of hospitalized patients with
acute SARS-CoV-2 infection during the recruitment period.

Study population

The study included 101 participants, allocated into three
groups: patients with active COVID-19 infection confirmed by
a positive reverse transcription polymerase chain reaction (RT-
PCR) test (group 1, n = 33); individuals with thyroid dysfunc-
tion following recovery from COVID-19 (group 2, n=35); and
a reference group of patients without prior COVID-19 infec-
tion and a negative PCR test (group 3, n = 33). All participants
were evaluated for key immune response markers, including
interleukin-17A (IL-17A), interleukin-7 (IL-7), interleukin-10
(IL-10), and IFN-y, as well as for factors related to hypoxia
and antioxidant defense, namely HIF-1o and NFE2L2. Thy-
roid function was assessed by measuring FT3, free thyroxine
(FT4), thyroglobulin (Tg), TSH, and TPO.

The following inclusion and exclusion criteria were ap-
plied.

Inclusion criteria

For all three groups: Individuals aged > 18 years, unvaccinated
against COVID-19. For group 1: patients with confirmed ac-
tive COVID-19 infection verified by a positive RT-PCR test. For
group 2: individuals with a history of COVID-19 (confirmed by
RT-PCR), a post-infectious interval of more than 6 months, and
newly diagnosed thyroid dysfunction during this period (includ-
ing subacute or painless thyroiditis, Graves’ disease, Hashimo-
to’s thyroiditis, or nodular goiter). For group 3: individuals with
no history of COVID-19 and a negative RT-PCR test.

Exclusion criteria

For all three groups: age < 18 years, pregnancy, and breastfeed-
ing. For group 2: recent COVID-19 infection (< 6 months),
long COVID syndrome, prior COVID-19 vaccination, autoim-
mune diseases, type 2 diabetes mellitus, severe decompensated
systemic diseases, active malignancy, treatment with glucocor-
ticoids, biological agents, immunosuppressants, or cytostatics,
and pre-existing thyroid disease prior to COVID-19. For group

3, an additional exclusion criterion was a documented history
of prior COVID-19 infection.

Definitions and diagnostic criteria

COVID-19 infection was diagnosed based on a positive
SARS-CoV-2 RT-PCR result obtained from a nasopharyngeal/
oropharyngeal swab at hospital admission. Disease severity
was classified according to WHO criteria [22].

Thyroid function was assessed by measuring TSH, FT3,
FT4, and Tg. Patients were classified according to the recom-
mendations of the American Thyroid Association and the Bul-
garian Society of Endocrinology [23, 24]. Euthyroidism was
defined as TSH 0.20—4.20 mIU/L, FT3 3.10-6.80 pmol/L, FT4
11.90-21.60 pmol/L, and Tg 3.50-77.0 ng/mL, based on the
reference ranges of the hospital laboratory.

Thyroid dysfunction was defined as any deviation in TSH,
FT3, or FT4 levels and classified as subclinical (isolated TSH
abnormality) or overt (abnormal TSH with altered FT3 and/or
FT4). Autoimmune thyroid disease was diagnosed according
to established clinical guidelines, based on thyroid hormone
levels, antibody profiles, and thyroid ultrasound findings.

Clinical and laboratory assessments

Blood samples were collected at the moment of hospital ad-
mission prior to the initiation of therapy in patients with active
COVID-19 (group 1), and at the enrollment in the study in post-
COVID (group 2) and non-infected individuals (group 3). Se-
rum and plasma samples were stored at —80 °C until analysis.

The following immuno-inflammatory markers were as-
sessed: IL-17A, IL-7, IL-10, IFN-y, HIF-1a, and NFE2L2.
Their serum concentrations were measured using enzyme-
linked immunosorbent assay (ELISA) with commercial kits
(Elabscience Biotechnology Inc., Houston, TX, USA), accord-
ing to the manufacturer’s instructions.

Thyroid-related parameters (TSH, FT3, FT4, Tg, and TPO)
were assessed. While TSH, FT3, FT4, and Tg were measured
using ECLIA, TPO concentrations were determined by a quan-
titative ELISA method using a commercial kit (Human TPO
ELISA Kit, Antibodies.com, Cambridge, UK; catalog No.
A101827), according to the manufacturer’s instructions.

Ultrasonographic examination of the thyroid gland was
performed using an Esaote MyLabSigma ultrasound system.
The European Thyroid Association (ETA) classification for
ultrasound assessment of thyroid nodules and stratification of
the need for fine-needle aspiration biopsy (FNAB) and malig-
nancy risk (EU-TIRADS) was applied [25].

Statistical analysis

Data were processed by IBM SPSS Statistics, version 25.
Quantitative variables were presented as mean + standard
deviation (SD) for normally distributed data and as median
(Me) with interquartile range (IQR) for asymmetrical distribu-
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Table 1. Demographic Characteristics of the Participants by Group

Variable Group 1 (n =33) Group 2 (n = 35) Group 3 (n =33)
Age (mean = SD) 69.88 = 11.89 4524 + 14.47 46.73 £13.01
Gender

Male (n, %) 15 (45.5%) 11 (31.4%) 3(9.1%)

Female (n, %) 18 (54.5%) 24 (68.6%) 30 (90.9%)

SD: standard deviation.

tions. Normality was assessed by Kolmogorov—Smirnov and
Shapiro—Wilk tests. Since most variables in at least one group
showed non-normal distribution, assessment and compari-
sons were performed through non-parametric methods. Dif-
ferences among the three independent groups were assessed
by Kruskal-Wallis H test. When significant differences were
identified (P <0.05), post hoc pairwise comparisons were per-
formed by Mann—Whitney U test. Spearman’s rank correlation
coefficient was used to assess associations between quantita-
tive immunological, inflammatory, and hormonal parameters,
with P < 0.05 considered statistically significant. Receiver op-
erating characteristic (ROC) analysis was performed to evalu-
ate the discriminatory performance of HIF-1a.

Ethical considerations

The study protocol was approved by the Ethics Committee of
Scientific Research at the Medical University of Pleven (Pro-
tocol No. 72/23.06.23). All procedures were conducted in ac-
cordance with the ethical principles of the Helsinki Declaration.

Results

Basic demographic and clinical characteristics of the
study groups

Age and sex distributions across the study groups are pre-

Table 2. Thyroid Parameters in the Three Study Groups

sented in Table 1. Overall, the active COVID-19 group in-
cluded older participants, consistent with the clinical profile
of hospitalized patients, while the post-COVID and reference
groups comprised younger individuals. A higher proportion of
females was observed in the reference group, whereas groups
1 and 2 showed a more balanced sex distribution.

The severity of COVID-19 infection in group 1 was as-
sessed according to the WHO clinical classification [22]. Among
the 33 patients, a mild form of infection was identified in six
(18.18%), a moderate form in eight (24.24%), a severe form in
16 (48.48%), and a critical form in three patients (9.09%). The
case fatality rate in group 1 was 6.06% (two deaths).

Endocrine markers: thyroid status of the studied patients

Thyroid hormone profile

The analysis of thyroid parameters revealed statistically sig-
nificant differences between the studied groups only in terms
of FT3 and TSH levels (Table 2).

TSH levels differed between the study groups (Table 2),
with the highest values observed in group 3. A significant dif-
ference was identified between group 1 and group 3, while
values in groups 1 and 2 were lower and relatively similar. A
similar pattern was observed for FT3 levels, with the lowest
values in group 1 and higher levels in group 2 and group 3.
Significant differences were found between group 1 and group
2, as well as between group 1 and group 3.

Parameters Group 1 (n =33) Group 2 (n =35) Group 3 (n =33) P-value (1-2/2-3/1-3)

TSH (mIU/L) 1.35+1.21 2.57+£2.95 4.51+1.23 0.063/0.240/0.000
1.30 (1.32) 1.78 (1.76) 2.29(3.23)

FT3 (pmol/L) 3.03 £0.94 6.52 +8.34 5.09 £ 0.87 0.000/0.077/0.000
2.81 (1.28) 4.48 (1.33) 4.98 (1.58)

FT4 (pmol/L) 21.17 +£28.25 30.58 +40.73 21.50 +19.23 0.091
13.96 (2.90) 14.04 (2.16) 13.56 (1.91)

Tg (ng/mL) 17.66 +4.13 16.86 + 6.02 17.24 + 3.01 0.404
11.90 (10.57) 12.38 (39.51) 15.23 (19.47)

TPO (pg/mL) 137.39 £ 211.07 53.71+134.15 186.94 + 146.21 0.089

47.80 (113.60) 16.87 (55.66)

129.33 (195.00)

Values are expressed as mean + SD and Me (IQR). Overall between-group differences were assessed using the Kruskal-Wallis test, and when
appropriate, pairwise comparisons between groups were performed using the Mann-Whitney U test. A P-value < 0.05 was considered statistically
significant. FT3: free triiodothyronine; FT4: free thyroxine; Tg: thyroglobulin; TPO: thyroid peroxidase; TSH: thyroid-stimulating hormone.
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BLow FT3 levels
DO Manifest thyrotoxicosis

@ Euthyroid status
B Subclinical thyrotoxicosis
B Subclinical hypothyroidism @ Overt hypothyroidism

Figure 1. Thyroid status in patients with active COVID-19 infection
(group 1). COVID-19: coronavirus disease 2019.

FT4, Tg, and TPO levels did not differ significantly
among the three groups. FT4 level was almost equal in group
1 and group 3, with a higher values in post-COVID patients.
Tg levels remained relatively stable across the three groups.
TPO level showed no significant between-group differences,
although higher values were observed in reference group.

Thyroid status in patients with active COVID-19 infection
(group 1)

Among the 33 patients in group 1, heterogeneous alterations
in thyroid function were observed. Reduced FT3 levels were
identified in 12 (36.4%) patients, representing the most fre-
quent abnormality, while 16 (48.5%) patients remained euthy-
roid (Fig. 1). Less common findings included subclinical and
overt thyroid dysfunction in both directions—hypothyroidism
and thyrotoxicosis. Overall, these results indicate a predomi-
nance of low FT3 syndrome accompanied by variable thyroid
functional patterns during the acute phase of the infection.

Thyroid status in the post-COVID group (group 2)

In the post-COVID group (n = 35), endocrine disturbances

(1rax]_=
L7}

B Euthyroid status
DO Manifest thyrotoxicosis
@ Overt hypothyroidism

B Subclinical thyrotoxicosis
B Subclinical hypothyroidism

Figure 2. Functional thyroid status in post-COVID patients (group 2).
COVID: coronavirus disease.

B Autoimmune thyroiditis (Hashimoto)
B Subacute thyroiditis

O Graves disease

@ Struma nodosa

Figure 3. Thyroid diagnosis in post-COVID patients (group 2). COVID:
coronavirus disease.

were frequently observed, predominantly in the form of au-
toimmune thyroid disorders. Based on TSH, FT3, and FT4
levels, 21 patients were euthyroid (60.0%), followed by sub-
clinical hypothyroidism (20.0%), while overt dysfunction
and thyrotoxic states were less common (Fig. 2). In line with
these findings, levothyroxine therapy was initiated in 13 pa-
tients with clinically significant hypothyroid dysfunction. This
distribution indicates a predominance of euthyroid and sub-
clinically hypothyroid status in the post-COVID population,
whereas thyrotoxic conditions were less frequently observed.

The most common diagnosis was Hashimoto’s thyroiditis,
observed in 23 patients (65.7%), including one case of thyroid-
associated ophthalmopathy (TAO), highlighting the potential
for extrathyroidal immunological hyperreactivity in the post-
infectious period. Subacute thyroiditis (17.1%) and Graves’
disease (8.6%) were less frequent, reflecting a broad spectrum
of post-infectious thyroid involvement (Fig. 3).

Ultrasound findings were consistent with inflammatory
and autoimmune changes, most commonly demonstrating a
heterogeneous and hypoechoic thyroid parenchyma with al-
tered vascularization. In patients with subacute thyroiditis, fo-
cal hypoechoic areas with reduced or absent blood flow were
observed, corresponding to the destructive inflammatory pro-
cess, whereas Graves’ disease was characterized by diffusely
increased intraparenchymal vascularization on Doppler ex-
amination.

Nodular goiter was identified in three patients (8.6%).
The nodules were classified as EU-TIRADS 2 in two patients,
while one patient had a nodule classified as EU-TIRADS 3.

Key regulators of the immune response

To assess the characteristics of the immune response in COV-
ID-19, we evaluated a targeted panel of pro-inflammatory (IL-
17A), anti-inflammatory (IL-10), and dual-function cytokine
(IL-7), as well as interferon, which are considered key media-
tors of immune dysregulation and may influence thyroid func-
tional status (Table 3).

IL-17A and IFN-y levels differed significantly across the
study groups (Table 3). The highest medians were observed
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Table 3. Selected Cytokines Associated With Immune Response Differences Between Groups

Group 3 (n =33) P-value (1-2/2-3/1-3)

Marker Group 1 (n =33) Group 2 (n =35)
IL-17A (pg/mL) 29.45 +4.90 32.48 +27.84
28.07 (3.86) 25.13 (5.35)
IL-10 (pg/mL) 4.54+£4.75 2.77 +£2.89
2.92 (2.10) 1.86 (0.96)
IL-7 (pg/mL) 36.70 +10.8 27.27 +8.35
36.76 (13.25) 26.73 (13.25)
IFN-y (pg/mL) 12.23 £3.33 8.64 +4.94
11.17 (5.48) 8.75(7.83)

41.91 +37.26 0.001/0.000/0.142
29.04 (7.71)

310+ 131 0.005/0.001/0.402
3.02 (0.83)

58.06 + 30.14 0.000/0.000/0.000
51.41 (26.13)

15.01 £6.17 0.003/0.000/0.106
13.12 (9.10)

Values are expressed as mean + SD and Me (IQR). Pairwise comparisons between groups were performed using the Mann-Whitney U test. A P-
value < 0.05 was considered statistically significant. IFN-y: interferon-gamma; IL-7: interleukin-7; IL-10: interleukin-10; IL-17A: interleukin-17A.

in the reference group, intermediate in patients with active
COVID-19, and the lowest concentrations in the post-COVID
group. Significant differences were identified between group 1
and group 2, as well as between group 2 and group 3, where-
as no significant difference was found between group 1 and
group 3.

IL-10 and IL-7 levels also differed significantly among
the study groups (Table 3). IL-10 showed the highest levels in
patients with active infection, intermediate values in the refer-
ence group, and the lowest concentrations in the post-COVID
group, with significant differences between group 1 and group
2 and between group 2 and group 3. In contrast, IL-7 levels
were highest in the reference group, intermediate in patients
with active COVID-19, and lowest in the post-COVID group,
with all pairwise comparisons reaching statistical significance.

Intracellular hypoxia and antioxidant defense

HIF-1o and NFE2L2 levels differed significantly across the
study groups (Table 4), with the highest values observed in
patients with active COVID-19 infection. HIF-1a levels were
significantly higher in group 1 than in both group 2 and group
3, while no significant difference was observed between the
latter two groups. Similarly, NFE2L2 levels were highest dur-

ing the acute phase of COVID-19 and showed a significant re-
duction in the post-COVID group, reaching values comparable
to those in individuals without prior SARS-CoV-2 exposure.

Given the substantially increased HIF-1a levels during the
active phase of infection, an ROC analysis was conducted to
assess its diagnostic performance (Table 5). The table presents
ROC-derived diagnostic performance parameters, including
area under the curve (AUC), 95% confidence interval (CI), op-
timal cut-off value, sensitivity, and specificity.

The analysis demonstrated a good diagnostic ability of
HIF-1a to discriminate patients with active COVID-19 infec-
tion (Fig. 4).

Correlations between thyroid and immunological param-
eters

The correlation analysis between the immunological and thy-
roid parameters also demonstrated statistically significant as-
sociations within the individual groups (Table 6).

In patients with active COVID-19, IL-7 showed a negative
correlation with FT3 (r=-0.440, P=0.021) and a positive cor-
relation with TPO (r = 0.390, P = 0.049).

In the post-COVID group, a positive correlation was ob-
served between FT4 and IL-10 (r=0.438, P=10.014).

Table 4. Markers of Oxidative and Hypoxic Stress in the Three Study Groups

Markers Group 1 (n =33)

Group 2 (n =35)

Group 3 (n =33) P-value (1-2/2-3/1-3)

HIF-1a (pg/mL) 1321.51 + 1224.92

1035.67 (878.89) 364.67 (357.71)
NFE2L2 (pg/mL) 229.23 + 69.04 185.97 + 146.56
226.90 (92.53) 148.98 (120.64)

42433 +321.3

558.87 + 458.98
373.96 (412.77)

220.58 + 107.32
214.31 (180.53)

0.000/0.134/0.000

0.004/0.069/0.595

Values are expressed as mean + SD and Me (IQR). Pairwise comparisons between groups were performed using the Mann-Whitney U test. A P-
value < 0.05 was considered statistically significant. HIF-1a: hypoxia-inducible factor-1 alpha; NFE2L2: nuclear factor erythroid 2-related factor 2.

Table 5. ROC Analysis of HIF-1a to Distinguish Patients With Active COVID-19 Infection From Healthy Individuals

Variable AUC (95% CI) P-value

Cut-off (pg/mL)

Sensitivity (%) Specificity (%)

HIF-1a 0.771 (0.644-0.897)

<0.001 842.6

0.67 0.83

AUC: area under the curve; Cl: confidence interval; COVID-19: coronavirus disease 2019; HIF-1a: hypoxia-inducible factor-1 alpha; ROC: receiver

operating characteristic.
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Figure 4. ROC curve analysis for determining the optimal cut-off value
of HIF-1a in COVID-19 disease. COVID-19: coronavirus disease 2019;
HIF-1a: hypoxia-inducible factor-1 alpha; ROC: receiver operating
characteristic.

In individuals without prior COVID-19, IL-10 demon-
strated negative correlations with both FT3 (r = —0.631, P =
0.001) and FT4 (r=-0.418, P = 0.042).

Discussion

Pathophysiological mechanisms of thyroid dysregulation
in COVID-19

In our study, low FT3 was the most frequent abnormality in
patients with active COVID-19, although the typical pattern
of ESS, characterized by low FT3 in combination with low or
normal FT4, was not consistently observed. In a substantial
proportion of patients, FT4 levels were at or above the upper
reference limit, suggesting a more complex pattern of thyroid
dysfunction. This observation is consistent with previous stud-
ies suggesting that COVID-19-related thyroid alterations may
reflect a combination of destructive thyroiditis and cytokine-
mediated impairment of peripheral deiodination [26, 27]. Our
results are also consistent with Muller et al [28], who reported
elevated or normal FT4 concentrations in the presence of low
TSH and FT3 values among COVID-19 patients admitted
to intensive care units. This pattern, described as “thyroxine
thyrotoxicosis” in atypical COVID-19-related thyroiditis, fur-
ther illustrates the complex interplay between virus-induced
inflammation, hormonal regulation, and thyroid hormone me-
tabolism [28].

In addition, hypoxia and oxidative stress appear to play
a key role in limiting peripheral T3 production. The elevated
HIF-1a levels observed in our study support the involvement
of hypoxia-driven mechanisms, including increased type 3

Table 6. Correlations Between Immunological and Thyroid Pa-
rameters in the Studied Groups

Correlations  Group 1 Group 2 Group 3
IL-7-TPO r=0.390, - -
P=0.049
IL-7-FT3 r=-0.440, - -
P=0.021
FT4-1L-10 - r=0.438, r=—0.418,
P=0.014 P=0.042
FT3-IL-10 - - r=-0.631,
P=0.001

Data are presented as Spearman correlation coefficients (r). Statistical
significance was considered at P < 0.05. FT3: free triiodothyronine;
FT4: free thyroxine; IL-7: interleukin-7; IL-10: interleukin-10; TPO: thy-
roid peroxidase.

deiodinase (DIO3) activity and enhanced T3 inactivation. HIF-
la, a key transcription factor mediating cellular responses to
hypoxia, has been associated with enhanced inflammatory
responses and immune dysregulation in COVID-19 [29-31].
Tian et al [32] and da Silva et al [33] further demonstrated that
HIF-1lo activation correlates with inflammatory burden and
disease severity. Hypoxia-driven activation of HIF-1a may di-
rectly contribute to thyroid hormone alterations, as shown by
Simonides et al [20], who reported that HIF-1a-dependent ac-
tivation of DIO3 promotes T3 inactivation. These mechanisms
link oxygen imbalance to endocrine dysfunction and support
the role of hypoxia in COVID-19-related thyroid alterations.
Consistent with this interpretation, ROC analysis in our study
demonstrated that HIF-1a had good discriminatory perfor-
mance in distinguishing patients with active COVID-19 from
the reference group (AUC = 0.771). This finding may further
support its relevance as a potential marker of hypoxia-related
pathophysiological activity during acute infection and its as-
sociation with lower FT3 levels in a substantial proportion of
patients in group 1 (36.4%).

Furthermore, impaired antioxidant defense, reflected by
altered NFE2L2 expression, may exacerbate oxidative stress
and contribute to sustained immune and metabolic dysregula-
tion. NFE2L2, a key regulator of antioxidant responses [34,
35], was increased during active disease, consistent with a
compensatory response to oxidative stress [18]. In contrast,
lower levels in the post-COVID phase may indicate incom-
plete recovery of antioxidant capacity and persistent redox
imbalance [36, 37], thereby further contributing to thyroid
dysfunction.

In parallel, the proinflammatory and dysregulated cy-
tokine responses observed in COVID-19, including alterations
in IL-17A, IL-10, IL-7, and IFN-y, may contribute to reduced
deiodinase activity and diminished pituitary sensitivity to
thyrotropin-releasing hormone (TRH), thereby suppressing
peripheral T4 to T3 conversion, lowering FT3 levels, and pro-
moting functional thyroid dysregulation [38].

Together, these findings suggest that reduced FT3 repre-
sents an adaptive response to systemic inflammatory and hy-
poxic stress rather than primary thyroid gland dysfunction.
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IL-17A, a key cytokine produced by Th17 cells, plays an
important role in the immunopathogenesis of COVID-19 and
autoimmune inflammatory processes [39—41]. In our study,
decreased IL-17A levels were observed both during active in-
fection and in the post-COVID phase, suggesting suppression
of the Th17 response, likely reflecting SARS-CoV-2—-induced
immune exhaustion. Similar findings have been reported by
De Biasi et al [42]. Reduced IL-17A levels may contribute
to thyroid dysfunction by altering proinflammatory signaling
pathways, including NF-kB—mediated mechanisms involved
in thyroid hormone regulation. In this context, the decreased
FT3 levels observed during the acute phase may partly reflect
impaired Th17-mediated immune signaling.

IL-10, a key anti-inflammatory cytokine, was elevated
during the acute phase of COVID-19, consistent with a com-
pensatory immunoregulatory response to viral infection and
activation of Th1- and Th2-mediated pathways [43, 44]. Simi-
lar findings have been reported by Lucas et al [45]. In contrast,
persistently reduced IL-10 levels in the post-COVID phase
suggest impaired regulatory control and ongoing immune im-
balance [46], which may contribute to the development of au-
toimmune thyroid disorders, as supported by recent evidence
[46].

Despite these observations, interpretation of IL-10 levels
remains challenging due to the lack of universally accepted
reference ranges. Compared with the assay-specific reference
interval (4.8-9.8 pg/mL), IL-10 levels in our study were re-
duced across all groups [47], which may reflect diminished
anti-inflammatory activity or receptor/post-receptor resistance
under hypoxic or stress conditions. IL-10 may exert a predom-
inantly protective effect through suppression of IFN-y—medi-
ated pathways, as suggested by de la Vega et al [48]. The mod-
erate positive correlation between FT4 and IL-10 observed
during the post-COVID phase further supports the role of IL-
10 in immune—thyroid interactions, whereas the negative cor-
relation between IL-10 and FT3 in the reference group may
reflect physiological immunoendocrine balance.

IL-7, a lymphopoietic cytokine essential for T-cell surviv-
al and immune homeostasis [49], showed moderately elevated
levels in the early phase of infection, consistent with its com-
pensatory role in response to lymphopenia. However, persis-
tently lower IL-7 levels in both the active and post-COVID
groups compared with the reference group suggest incomplete
restoration of T-cell homeostasis. Notably, both significant
correlations involving IL-7 were observed in the active COV-
ID-19 group: the negative correlation with FT3 supports an
interaction between immune activation and thyroid hormone
metabolism, possibly reflecting cytokine-mediated suppres-
sion of deiodinase activity and impaired peripheral T4 to T3
conversion [13], whereas the moderate positive correlation
with TPO may indicate a link between immune activation and
thyroid follicular cell function, consistent with findings by Seo
et al [50]. Persistent IL-7 reduction in the post-COVID phase
may contribute to impaired immune tolerance and the develop-
ment of autoimmune thyroid disorders, as also suggested by
Motylewska et al [51].

IFN-y, a key Thl cytokine involved in antiviral immune
responses [52, 53], showed elevated levels during the acute

phase but decreased significantly in the post-COVID period.
This pattern may reflect a transition from early immune acti-
vation to post-infectious immune suppression and persistent
Th1 dysregulation. Disruption of the Th1/Th2 balance is a key
mechanism in autoimmune thyroid diseases, with IFN-y acting
as a central mediator [54]. Chronically reduced IFN-y levels
have also been associated with metabolic and oxidative stress—
related alterations that may further promote autoimmune thy-
roid processes [55].

The FT3/FT4 ratio as an indirect marker of peripheral
thyroid sensitivity

In the studies by Le et al [56] and Bian et al [57], the FT3/FT4
ratio was shown to reflect the efficiency of peripheral T4 to T3
conversion and the tissue bioavailability of thyroid hormones,
thereby serving as an indirect marker of peripheral thyroid
hormone sensitivity. Consistent with these findings, Lang et
al [58] also employed the FT3/FT4 ratio as a surrogate marker
of peripheral thyroid sensitivity, demonstrating its association
with all-cause and cardiovascular mortality, as well as with the
risk of cardiovascular disease.

In our study, a tendency toward a relative increase in FT4
was observed during the acute phase of infection, compared
to the low FT3 levels, which likely represents a relative phe-
nomenon reflecting a functional imbalance between the two
hormones. The calculated FT3/FT4 ratio in the active infec-
tion group was reduced (0.14). This confirms the presence of
hormonal imbalance and is indicative of suppressed peripheral
conversion of T4 to T3—a characteristic finding of the low
T3 syndrome. Our results are consistent with data from other
authors. Milo et al [59] demonstrated that both serum FT3
levels and the FT3/FT4 ratio were significantly lower in non-
survivors and correlated negatively with C-reactive protein
(CRP) and the neutrophil-to-lymphocyte ratio (NLR), support-
ing their prognostic potential in severe COVID-19 infection.

In the post-COVID group, a partial restoration of the hor-
monal ratio (FT3/FT4 = 0.21) was observed, indicating nor-
malization of deiodinase activity and gradual compensation of
the thyroid axis following the resolution of acute inflammatory
stress. In individuals without a history of COVID-19, the FT3/
FT4 ratio reached 0.24, suggesting more favorable hormonal
regulation and more efficient peripheral conversion.

It is important to note that, despite numerous studies dem-
onstrating associations between the FT3/FT4 ratio and various
clinical or prognostic outcomes, no internationally established
reference ranges currently exist for this parameter. Reported
values vary widely, depend on methodology and population
characteristics, and should therefore be interpreted within the
context of the clinical presentation and the available reference
intervals for FT3 and FT4 individually [58].

Serum TPO levels as an indirect marker of oxidative
stress and inflammatory dysregulation

The simultaneous assessment of Tg and TPO indicated pre-
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served thyroid hormone synthesis, as no significant deviations
in their serum levels were observed across the study groups.
However, the elevated HIF-1a and NFE2L2 levels in patients
with active COVID-19 suggest the presence of pronounced
hypoxic and oxidative stress, which may affect thyroid func-
tion at a functional rather than structural level.

Given the sensitivity of TPO—dependent hormonogenesis
to oxidative conditions, it is plausible that thyroid hormone
synthesis may be affected even in the absence of significant
changes in circulating TPO levels. Under such conditions, in-
flammatory and hypoxia-related mechanisms may interfere
with iodine organification and thyroid hormone synthesis at
the cellular level [60].

This observation is supported by evidence that proinflam-
matory cytokines can not only impair thyroid hormone synthe-
sis by reducing deiodinase activity and T3 and Tg production,
but also suppress TSH-stimulated TPO expression in thyro-
cytes [9]. In this setting, altered cytokine patterns involving
IL-17A, IL-10, IL-7, and IFN-y may further sustain thyroid
dysfunction by shifting the local balance toward persistent
inflammation and insufficient immune regulation within the
thyroid microenvironment. Reduced IL-10 and IL-7, together
with altered IL-17A and IFN-y levels, may therefore contribute
to delayed thyroid recovery and persistent low-grade inflam-
mation [27].

Notably, the lower TPO levels observed in the post-COV-
ID group could reflect persistent subclinical inflammatory and
oxidative imbalance, possibly indicating incomplete recovery
of thyroid functional capacity despite apparent normalization
of circulating thyroid hormones. Taken together, these findings
raise the possibility that TPO may serve as an indirect marker
of ongoing oxidative and immune dysregulation in the post-
COVID phase, potentially linking persistent redox imbalance
with delayed restoration of thyroid homeostasis and a tenden-
cy toward autoimmune thyroid dysfunction.

Limitations

The present study should be interpreted in light of several po-
tential limitations. First, the relatively small number of patients
in each group (total sample size n = 101) limits the reliability
of statistical inferences and the extent to which the findings
can be generalized to a broader population. A significant age
difference between the study groups may represent a potential
confounding factor, particularly given the known influence of
age on both immune and endocrine responses. Second, the lack
of longitudinal follow-up in both groups of patients with active
COVID-19 infection and post-COVID individuals precludes a
comprehensive assessment of the temporal evolution of thy-
roid dysfunction, including recovery kinetics and whether the
observed alterations are transient or persistent over time.

The study was conducted as a single-center investigation
during a period when various Omicron subvariants were the
predominant circulating strains of SARS-CoV-2, which may
restrict the external validity of the findings and the ability to
directly extrapolate our findings to future variants that may
differ in their immunological and clinical characteristics. De-

spite these limitations, our study provides important insights
into the complex interplay between inflammatory, oxidative,
and endocrine mechanisms during and after SARS-CoV-2 in-
fection, and outlines key pathophysiological processes associ-
ated with post-COVID thyroid dysfunction.

Conclusion

SARS-CoV-2 infection appears to induce transient thyroid
hormonal alterations primarily through inflammatory and hy-
poxia-related mechanisms. These findings support the concept
of virus-induced euthyroid sick syndrome during acute infec-
tion, with reduced FT3 representing the most consistent abnor-
mality, and highlight the potential for post-infectious thyroid
dysfunction.
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