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ABSTRACT

Objective: Since the angiotensin-converting enzyme (ACE) is the functional receptor for
SARS-CoV-2, predominantly expressed by the alveoli, SARS-CoV-2 primarily involves the
lungs. Aside from the lungs, ACE is expressed in other organs, including the thyroid gland.
This study aimed to evaluate the incidence of thyroid dysfunction (TD) in patients admit-
ted to the intensive care unit (ICU) with critical COVID-19, with inflammatory markers and
disease severity, compared to patients with normal thyroid function.

Materials and Methods: This retrospective study included 52 patients admitted to the ICU
with PCR-confirmed critical COVID-19 between April 2020 and September 2021. Thyroid
function tests were obtained within the first three days after ICU admission. TD was defined
as the detection of any abnormal level in thyroid-stimulating hormone (TSH), free thyrox-
ine hormone (FT4), and free triiodothyronine hormone (FT3). None of the patients had a
prior history of thyroid disease or received medications related to thyroid diseases.

Results: TD was detected in 34 patients (65.4%). The majority of patients (67%) required ex-

tracorporeal membrane oxygenation (ECMO), with a higher frequency in patients with TD Corresponding Author:

(74%). Patients with and without TD were similar concerning age, gender, and the need for Hande Ozportakal
ECMO. Patients with TD had significantly decreased levels of TSH, FT3, and FT4 (p=0.002,
<0.001, =0.005, respectively); a significantly greater acute physiology and chronic health E-mail:

evaluation II (APACHE-II) score (p=0.048); a significantly higher white blood cell count handeozportakal@gmail.com

(p=0.031) and elevated levels of procalcitonin (p=0.003), C-reactive protein (p=0.049) and Received: July 23, 2022
cardiac troponin T (p=0.025). Other parameters, such as ICU stay, sequential organ fail- Accepteci: 0ctobér9, 2022
ure assessment [SOFA] score, and mortality, did not differ significantly (p=0.449, p=0.315, Published: December 21, 2022

p=0.142, respectively).
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Thyroid Dysfunction and COVID-19 Infection

INTRODUCTION

he world has been fighting against severe
l acute respiratory syndrome coronavirus 2
(SARS-CoV-2) for more than two years, lead-
ing to more than 605 million cases and 6.4 million
deaths as of September 11, 2022 (1). Since the angio-
tensin-converting enzyme (ACE) is the functional
receptor for SARS-CoV-2, predominantly expressed
by the alveoli, SARS-CoV-2 primarily involves the
lungs (2). Aside from the lungs, ACE is expressed in
other organs, including the thyroid gland (3). Sev-
eral studies have shown thyroid involvement in
patients with COVID-19, characterized by thyroid
function deterioration.

This study aimed to evaluate the frequency of thy-
roid dysfunction (TD) in patients admitted to the
intensive care unit (ICU) with critical COVID-19, to-
gether with inflammatory markers and disease se-
verity.

MATERIALS AND METHODS

This retrospective study included 52 patients ad-
mitted to the ICU of Kosuyolu High Specializa-
tion Education and Research Hospital with critical
COVID-19, defined by the World Health Organiza-
tion (WHO) criteria (4), between April 2020 and Sep-
tember 2021. The small patient size was due to the
fact that the healthcare facility served as a referral
center for extracorporeal membrane oxygenation
(ECMO) procedures for COVID-19 patients who had
been transferred from other centers.

HIGHLIGHTS

e ICU treatment of patients for critical COVID-19
is likely to be complicated by developing thyroid
dysfunction, which in the current study was de-
tected in 65.4% of the patient group.

e Thyroid dysfunction is a serious complication,
with its additive effects on inflammatory markers,
cardiac troponin T levels, and APACHE-II scores.

e Patients with critical COVID-19 should be closely
monitored concerning thyroid function deteriora-
tion.
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All the patients met the criteria for critical COVID-19
(4) and had thyroid function tests obtained within
the first three days after ICU admission. The diag-
nosis of COVID-19 was confirmed by PCR testing of
nasopharyngeal samples and radiological pulmo-
nary manifestation. The exclusion criteria were a
previous history of thyroid disease, receipt of med-
ications that could affect the hypothalamic-pitu-
itary-thyroid axis, and a history of pregnancy or re-
cent delivery within the past six months. The study
was carried out in accordance with the Helsinki
Declaration, and the Ethics Committee of Koguyolu
High Specialization Training and Research Hospi-
tal approved the study protocol in August 24, 2021,
with decision number 518.

Thyroid function tests included thyroid-stimulating
hormone (TSH) (normal range 0.48-4.81 mIU/L), free
thyroxine (FT4) (normal range 10.2-19.6 pmol/L),
and free trilodothyronine (FT3) (normal range 3.1-
6.8 pmol/L). TD was defined as the detection of any
abnormality in the levels of these hormones. The
patients were classified into two groups based on
the presence or absence of TD. The clinical forms of
TD were classified in relation to TSH, FT3, and FT4
levels (5).

Data were retrieved from the electronic medical
records, including demographic characteristics,
laboratory findings, the presence or absence of
ECMO, length of ICU stay, sequential organ failure
assessment (SOFA) score, and acute physiology and
chronic health evaluation I (APACHE-II) score.

Statistical Analysis

The statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS) for
Windows 20.0 (IBM Corp., Armonk, NY, USA). The
distribution of the variables was tested using the
Shapiro-Wilk test. The results were expressed as
mean + standard deviation and percentages for
normally distributed variables and as median (in-
terquartile range [IQR] 25-75%) for non-normally
distributed variables. Between-group compari-
sons were performed using the Student’s t-test or
Mann-Whitney U test, as appropriate. Statistical
significance was set as p<0.05.
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RESULTS

Of 52 patients, 73% were males, with a median age of
53 years. TD was detected in 34 patients, with a fre-
quency of 65.4%. The clinical forms of TD are shown
in Table 1. The majority of patients required ECMO
(67%, n=35), with a higher frequency in patients with
TD (74%, n=25). Conversely, patients who received
ECMO had a higher frequency of TD than those who
did not require ECMO (63.7% vs. 32.7%, p>0.05).

The two patient groups with and without TD were
similar concerning age, gender, and the need for
ECMO (Table 1). Despite a higher frequency of TD
among women (71%, n=10), the difference was not
statistically significant in terms of gender. Patients
with TD had significantly lower TSH, FT3, and FT4
levels than those without TD (p=0.002, p<0.001,
p=0.005, respectively).

Laboratory findings are presented in Table 2. Pa-
tients with TD had a significantly higher white blood
cell (WBC) count (p=0.031) and significantly higher
levels of procalcitonin (p=0.003), C-reactive protein
(CRP) (p=0.049) and cardiac troponin T (p=0.025).
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Admission SOFA, APACHE-II scores, mortality,
and length of ICU stay of the patient groups are
presented in Table 3. As compared with patients
without TD, those with TD had a longer ICU stay
and a higher SOFA score, but the difference was
not statistically significant (p=0.449, p=0.315,
p=0.142, respectively). On the other hand, the
APACHE-II score was significantly increased in
the TD group (p=0.048). Despite a higher mortality
rate in patients with TD (70.6%, n=24), there was
no statistically significant difference between the
two groups (Table 3).

DISCUSSION

Although we have been suffering from the COVID-19
pandemic for more than two years, our knowledge
about the pathophysiology of COVID-19 remains
incomplete. The effects of COVID-19 on several or-
gans and systems, including respiratory, immune,
hematologic, circulatory, gastrointestinal systems,
and renal and hepatic functions, have been report-
ed in the literature (6), but data on its effects on
thyroid function are insufficient.

Table 1. Patients’ characteristics and thyroid function parameters.

Variables Patients With TD Without TD p*
(n=52) (n=34) (n=18)

Male / female (%) 38/14 (73/27) 24/10 (71/29) 14/4 (78/22) 0.82
Age, years (M-IQR) 53 (40-60) 57 (40-59) 47 (38-60) 0.564
ECMO, n (Present / absent) 35/17 25/9 10/8 0.189
TSH (mIU/L) (M-IQR) 124 (0.11-2.77) 0.22 (0.09-1.7) 2.06 (1.50-2.94) 0.002
FT3 (pmol/L) (M-IQR) 3(1.83-3.89) 2.21(1.69-3.15) 3.95 (3.28-4.24) <0.001
FT4 (pmol/L) (M-IQR) 11.38 (9.79-15) 10.40 (8.04-13.43) 13.8 (11.40-15.2) 0.005

Diagnosis of TD, n (%)

Euthyroid sick syndrome 24 (70) -
Overt hypothyroidism 4(12) R
Subclinical hyperthyroidism 3(9) -
Subclinical hypothyroidism 2 (6) -

Overt hyperthyroidism

*p value indicates the difference between patients with and without TD. ECMO: Extracorporeal membrane oxygenation,
TSH: Thyroid-stimulating hormone, M-IQR: Median- interquartile range, FT3: Free triiodothyronine hormone,

FT4: Free thyroxine hormone, TD: Thyroid dysfunction.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 2. Laboratory findings of COVID-19 patients at admission.

Variables Patients With TD Without TD p*
(n=52) (n=34) (n=18)

WBC count (x103/uL) Mean=SD 11.67 £7.12 1314 +7.71 8.81+3.87 0.031
Neutrophils (x103/uL) (M-IQR) 8.6 (4.2-12.2) 9.5 (4.1-15.6) 6.2 (4.2-10.4) 0.149
Lymphocytes (x103/uL) (M-IQR) 1(0.6-1.8) 1(0.5-1.8) 1(0.68-1.71) 0.97
Neutrophils (%) (M-IQR) 80.6 (70.4-90.1) 82.7 (70.6-90.9) 78.3 (66.8-86.9) 0.29
Lymphocytes (%) (M-IQR) 10.5 (4.7-19) 9.2 (4.3-19.1) 14.3 (6.7-20.6) 0.245
Procalcitonin (ug/L) (M-IQR) 0.36 (0.08-1.8) 1.5 (0.3-4) 0.09 (0.06-0.29) 0.003
CRP (mg/L) (M (M-IQR) 70.6 (26-126.3) 79.9 (37.6-168.5) 415 (20.5-80.9) 0.049
Ferritin (ugr/L) (M-IQR) 800 (408-1393) 850 (468-1488) 668 (162-1304) 02

IL-6 (pg/mL) (M-IQR) 153 (24-903) 179 (40-865) 42 (21-90) 0.588
Glucose (mg/dL) (M-IQR) 135.5 (97-191) 145.5 (96-237.7) 125 (102-147) 0.12
Urea (mg/dL) (M-IQR) 61.3 (37.4-99.4) 68 (40-99) 54 (32-102) 0.425
Creatinine (mg/dL) (M-IQR) 0.86 (0.6-1.3) 0.87 (0.66-1.77) 0.86 (0.41-0.96) 0.273
ALT (U/L) (M-IQR) 27.7 (21.5-56.8) 34 (20-113) 27 (22-46) 0.397
AST (U/L) (M-IQR) 35.4 (26-70.3) 51 (26-96) 31 (26-41) 0.119
LDH (U/L) (M-IQR) 525 (345-866) 709 (392-924) 397 (303-730) 0.11

Total protein (g/L) (M-IQR) 4.8 (3.9-5.9) 4.6 (3.9-5.8) 4.9 (3.9-7) 0.53
Albumin (g/L) (M-IQR) 2.5(2.2-3.5) 2.4(2.1-33) 2.8(2.2-36) 0.21

Total bilirubin (mg/dL) (M-IQR) 0.78 (0.47-1.21) 0.7 (0.4-1.2) 0.78 (0.56-1.01) 0.878
Troponin T (ng/mL) (M-IQR) 0.07 (0.02-0.15) 0.09 (0.03-0.24) 0.04 (0.02-0.08) 0.025
Creatine kinase (U/L) (M-IQR) 125 (51.5-329) 154 (56-371) 95 (34-276) 0.283
D-dimer (mg/L) (M-IQR) 43(2-7.3) 4.7 (2.7-7.6) 3.8 (1.6-6.1) 0.243
Fibrinogen (mg/L) (M-IQR) 437 (283-554) 502 (257-564) 359 (282-502) 0.216
PT (sec) (M-IQR) 19.2 (15.5-24.2) 19.2 (15-25.2) 16,5 (18.7-23.8) 0.849
aPTT (sec) (M-IQR) 40.6 (31.5-55) 38.2 (30.9-56.5) 34.8 (43.4-50.6) 0.407
INR (M-IQR) 1.44 (1.16-1.83) 1.44 (1.12-1.93) 1.42 (1.24-1.81) 0.855
Hemoglobin (g/dL) Mean+SD 9932 1012 9.4 +2.1 0.243
Hematocrit (%) Mean+SD 305+6.2 31.2+6.1 29.1+6.6 0.256
Platelet count (x103/uL) (M-IQR) 186 (99-263) 202 (138-274) 166 (92-272) 0.131

*p value indicates the difference between patients with and without TD.

WBC: White blood cell, CRP: C-reactive protein, IL-6: Interleukin-6, ALT: Alanine aminotransferase,
AST: Aspartate aminotransferase, LDH: Lactate dehydrogenase, PT: Prothrombin time, aPTT: Activated partial thromboplastin time,
INR: International normalized ratio, M-IQR: Median- interquartile range, TD: Thyroid dysfunction, SD: Standard deviation.

In the present study, we evaluated thyroid function
in patients with critical COVID-19 during their ICU
stay. Of 52 patients, 34 (65.4%) were found to de-
velop TD, yielding a considerably high frequency. In

Ozportakal H et al.

a systematic review that included 1237 COVID-19
patients examined, the frequency of TD ranged
from 13.1% to 27.5% in six studies, with only one
study reporting 64%, very close to that found in our
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Table 3. Admission SOFA, APACHE Il scores, mortality and length of ICU stay.

Variables Patients With TD Without TD p*
(n=52) (n=34) (n=18)

ICU stay, days (M-IQR) 26 (13-40) 26 (15-40) 19 (8-90) 0.449

Mortality, n (%) 33(63.5) 24 (70.6) 9 (50) 0.142

SOFA score (M-IQR) 5 (2-10) 5(2-12) 5(2-8) 0315

APACHE-Il score (M-IQR) 18 (11-24) 20 (12-24) 14 (7-19) 0.048

*p value indicates the difference between patients with and without TD.
ICU: Intensive care unit, SOFA: Sequential organ failure assessment,

APACHE-II: Acute physiology and chronic health evaluation, M-IQR: Median- interquartile range.

study (7). Of note, none of the reported studies in-
cluded a homogeneous patient group, with smaller
percentages of patients having critical COVID-19.
Therefore, our data may better reflect the impact
of critical COVID-19 infection on thyroid function
in a homogeneous patient group, where nearly two-
thirds of the patients developed TD.

Concerning the clinical forms of TD, most patients
(70%) had euthyroid sick syndrome (ESS), while the
remaining four clinical forms accounted for very
small percentages. ESS occurs as an acute-phase re-
sponse to a long-term critical illness, where the hy-
pothalamic-pituitary-thyroid axis is preferentially
affected, resulting in decreased FT3 and FT4 levels
without an elevation in TSH levels (8-10). In addi-
tion, ESS has been observed to have a close associa-
tion with disease severity and elevations in inflam-
matory markers (10). Our findings of significantly
elevated WBC counts, CRP, and procalcitonin levels
in critical COVID-19 patients with TD, 70% of whom
had ESS, substantiated the previous study findings.

In a meta-analysis, the severity of COVID-19 was
reported to be associated with decreased levels
of FT3, FT4, and TSH (11). In the current study, a
sub-analysis of critically ill COVID-19 patients
showed that those with TD had significantly de-
creased FT3,FT4, and TSH levels (Table 1), although
FT4 levels remained within the normal range. This
finding may be important within the context of crit-
ical COVID-19 because previous studies examined
thyroid hormone levels in heterogeneous COVID-19
populations compared with healthy controls, which
may limit interpretations about the course of TD
among COVID-19 patients (9, 10, 12).

As the SARS CoV-2 virus mainly targets the ACE-
2 receptor, which is also expressed in the thyroid
gland and heart, both organs may be simultane-
ously involved in COVID-19 (13), which was the
case in 79% of our patients with TD who also had
significantly elevated cardiac troponin T levels.
Increased high-sensitivity cardiac troponin I lev-
els have been demonstrated in COVID-19 patients
with TD (14). Moreover, given that thyroid hor-
mones play an important role in the maintenance
of myocardial electrical activity (15), disruption in
thyroid function may directly affect cardiac mech-
anisms, resulting in increased cardiac troponin T
levels. Therefore, the additive effect of TD on cardi-
ac function should be considered in patients with
critical COVID-19.

The associations of decreased thyroid hormone
levels and TD with mortality and poor prognosis
in COVID-19 patients have been addressed in re-
cent meta-analyses (11, 16). A subgroup analysis
even showed an increased risk for severe COVID-19
in the presence of TD (16). The association of TD,
particularly decreased FT3 levels, with clinical out-
comes has been extensively studied in critically
ill patients. We also examined clinical predictors
(APACHE-II and SOFA scores), mortality, and length
of ICU stay in TD. There were no significant differ-
ences between the patient groups with and with-
out TD concerning SOFA scores, length of ICU stays,
and mortality. Only the APACHE-II score showed a
marginally significant difference in the presence of
TD. Moreover, despite reports on the association be-
tween decreased FT3 levels and mortality (17-19),
we did not find such an association, most probably
due to the small patient size.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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The retrospective study design and small patient size
are the main limitations of our study. Nevertheless,
it may be of particular value in demonstrating TD
development in patients admitted to the ICU with
critical COVID-19. Another limitation is the absence
of serial thyroid function tests before and during the
ICU stay, which would have eliminated the possi-
bility of the previous TD in the patient group. Last
but not least, although viral infections are known
to be important triggers of autoimmunity, data on
increased autoantibodies in COVID-19 patients are
rare and discordant. One study found no differenc-
es in autoantibody levels between patients with and

without COVID-19 (20). In another study, antithyroid
peroxidase levels were higher in ICU patients with
COVID-19 than in non-ICU patients (21). In the cur-
rent study, thyroid-associated autoantibodies were
not measured in critical COVID-19 patients.

In conclusion, our findings suggest that patients ad-
mitted to the ICU with critical COVID-19 are at an
increased risk for developing TD. We recommend
taking TD into consideration because of its additive
effects on inflammatory markers, cardiac troponin
T levels and APACHE-II scores.
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