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Abstract
Purpose Data about the effects of COVID-19 on the endocrine system are increasing over time. In the present study, we
investigated the effects of COVID-19 on the thyroid gland among COVID-19 survivors by comparing them with healthy
subjects.
Methods Adult COVID-19 survivors who were managed and followed up in the Infectious Disease clinic were asked to
participate in this study. COVID-19 survivors were recruited via a convenience sampling and those who agreed to participate
in this study were seen by endocrinologists for assessments. The blood tests were obtained for thyroid antibodies and thyroid
function tests. Thyroid ultrasonography (USG) was done by the same physician. The ellipsoid formula was used for the
calculation of thyroid gland volume.
Results 64 adult COVID-19 survivors and 70 control subjects were enrolled in the study. The COVID-19 survivors were
evaluated at median 5.7 months (IQR: 4–6.5) (range: 2–7 months) after acute infection. The mean thyroid gland volume was
significantly lower in COVID-19 survivors (10.3 ± 3.4 mL) than in the controls (14 ± 5.3 mL) (p= 0.001). There was no
significant difference in free triiodothyronine (fT3), free thyroxine (fT4) and thyroid-stimulating hormone (TSH) levels
between the groups. Among the twelve patients who had thyroid function evaluated in acute COVID-19, fT3 values were
lower in acute COVID-19 than at the time of USG evaluation (3.04 ± 0.41 vs 3.47 ± 0.31 pg/mL), (p= 0.02). Among
COVID-19 survivors, mild TSH elevation was detected in 4 (6.2%) patients and all of the other COVID-19 survivors
(93.7%) were euthyroid.
Conclusions At 6 months after acute COVID, COVID-19 survivors had smaller thyroid gland volume than healthy controls,
and only a few of the COVID-19 survivors had abnormal thyroid function.
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Introduction

Coronavirus disease 2019 (COVID-19) is an infective dis-
ease caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), which was first reported
from China in November 2019. It has evolved into a pan-
demic and posed a significant global health risk [1–3]. It
mainly affects the lungs, but its effects have also been

shown in many other systems, including the endocrine
system [2–4]. The entry of SARS-CoV-2 into cells depends
on angiotensin-converting enzyme 2 (ACE2) and trans-
membrane protease serine 2 (TMPRSS2) [5]. Data about the
effects of COVID-19 on the endocrine system are accu-
mulating over time. Abnormal thyroid function in the
context of COVID-19 has been reported to be due to
thyroiditis and Graves’ disease [2, 6]. TMPRSS2 and ACE2
expression in the thyroid gland were detected to be higher
than in the lung according to cell culture examinations
[6, 7]. Therefore, the thyroid gland may be a target for
COVID-19 [2, 7].

SARS-CoV-2 is structurally similar to SARS-CoV-1.
Postmortem examinations of patients infected with SARS-
CoV-1 revealed virus associated cell damage in thyroid
parafollicular and follicular cells [8]. SARS-CoV-2 may
affect the thyroid gland indirectly by autoimmune changes,
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hyperimmune responses or directly by viral damage [9–11].
In addition, due to the detection of ACE2 and SARS-CoV-1
genome in the hypothalamic-pituitary system, it may lead to
thyroid dysfunction with possible thyrotroph cell damage.
Increasingly, cases of SARS-CoV-2-induced subacute
thyroiditis and postpartum thyroiditis are being reported
[12, 13]. It has been reported in recent studies that COVID-
19 may cause thyroid dysfunction in both the acute and
convalescence phases [1, 2]. Although there are some recent
but limited data, it is not well known the ultrasonographic
alterations seen in COVID-19 survivors and whether any
ultrasonographic alteration may predispose to develop
future thyroid dysfunctions. In this study, we investigated
the effects of COVID-19 on the thyroid gland among
COVID-19 survivors by comparing them with healthy
subjects.

Patients and methods

The present study was approved by the Ethics Committee of
the Erciyes University Medical School. Between January
2021 and April 2021, adult COVID-19 survivors who were
managed and followed up in the Infectious Disease clinic at
around 3 months from acute COVID-19 were asked to
participate in this study. Patients were recruited via a con-
venience sampling and those who agreed to participate in
this study were seen by endocrinologists for assessments as
detailed below. Exclusion criteria for the current study were
a history of thyroid disease and surgery, neck radiation,
pregnancy, use of medication that affects thyroid function,
and pituitary/hypothalamic disease.

Healthy adults were recruited from the hospital staff in
the same inclusion period as the COVID-19 survivors. Lack
of history of COVID-19 diagnosis and COVID-19 symp-
toms within the six months were used for an inclusion
criteria of healthy controls. Additionally, none of them have
any acute or chronic disease and were not using any drug.

SARS-CoV-2 polymerase chain reaction of nasal and
oral swab samples were used for the diagnosis of acute
COVID-19 by using RNA, biospeedy nucleic acid extrac-
tion kit (Bioeksen R&D Technologies, Istanbul, Turkey).
The clinical characteristics of patients (status of oxygen
demand, history of intensive care unit (ICU) hospitalization,
intubation, and medications), prognostic markers of
COVID-19 (lymphocyte count, C-reactive protein) and
basic biochemical tests during the course of acute COVID-
19 were recorded. The patients were categorized as mild,
moderate, and severe/critical disease severity according to
the National Health Commission of China during acute
COVID-19 [14] and the patients were classified according
to their most severe phase. In mild disease, the symptoms
were mild and there was no evidence of pneumonia on

radiological examination. In moderate disease, respiratory
system symptoms and fever were present and radiological
examination revealed evidence of pneumonia. Severe/cri-
tical disease was characterized by the presence of any of the
following symptoms; respiratory rate ≥30/minute, oxygen
saturation ≤93%, shock states, more than 50% progression
of pneumonic infiltration within 24–48 h on radiological
examination, and need for mechanical ventilation and
ICU [14].

Blood tests were obtained between 0800 and 0900 for
basal biochemical and hormonal investigations; anti-thyroid
peroxidase (TPO), anti-thyroglobulin (Tg) antibodies, free
triiodothyronine (fT3), free thyroxine (fT4) and thyroid-
stimulating hormone (TSH) from the participants. A sub-
group of COVID-19 survivors who had thyroid function
tests both in acute COVID-19 and convalescence were
evaluated seperately.

Thyroid hormone levels and thyroid autoantibodies were
measured by the electrochemiluminescence immunoassay
(ECLIA) method (Cobas; Roche Diagnostics, Mannheim,
Germany). Reference ranges were as follows: TSH=
0.27–4.20 µU/mL, fT4= 0.93–1.97 ng/dL, fT3= 2–4.4 pg/
mL, anti-TPO= 0–34 U/mL and anti-Tg = 0–115 U/mL.
The titer values of antibodies higher than the upper refer-
ence range were considered positive.

Thyroid gland ultrasonography (USG) was performed on
all participants by the same physician on the same day with
blood tests, with a GE LOGIQ P5 ultrasound machine.
Thyroid gland volume was calculated by ellipsoid formula:
maximum length (L), width (W), and depth (D) for each
lobe (volume = L×D×W×0.524). Total thyroid gland
volume was calculated by summing the volumes of both
lobes and if the maximum diameter of the isthmus was more
than 5 mm, it was also added [15, 16]. In addition, parti-
cipants with ≥1 cm nodules in the USG examination were
excluded from the study.

Statistical analysis

The data was analyzed in the IBM SPSS program version
22. The Shapiro–Wilk test was used for data distribution.
Data with normal distribution were shown as mean ± stan-
dard deviation (SD) and non-normally distributed data were
shown as median and interquartile range (IQR: 25–75%).
For the comparison of quantitative variables in two inde-
pendent groups, the Mann–Whitney U test or two-sample
independent t-test was performed according to the dis-
tribution of the data. For the comparison of categorical
variables, Chi-square tests were performed. The COVID-19
disease severity groups were compared among themselves
by one-way ANOVA and the Tukey HSD or Games-
Howell test was performed according to data distribution for
post-hoc analysis. The correlation analysis was performed
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by the Pearson or Spearman correlation analysis depending
on the distribution of the data. The comparison of acute-
COVID-19 with post-COVID-19 data of the same patients
was performed by using the Wilcoxon test or student’s t
paired test. If the probability (p) value was <0.05, it was
considered statistically significant.

Results

Sixty-four adults with a history of COVID-19 and 70
healthy subjects were enrolled in the study. COVID-19
survivors were evaluated at a median of 5.7 months (IQR:
4–6.5) (range: 2–7 months) after the infection.There were
no differences in age [38.8 ± 11.2 years (range: 21–59) and
36.3 ± 10.4 years (range: 22–59)], body mass index (29.6 ±
5.4 and 29.1 ± 3.6 kg/m2), and gender (50% male, 50%
female and 45.7% male, 54.3% female) between COVID-19
survivors and controls, respectively.

Comorbidities of the COVID-19 survivors were also
recorded (hypertension in six patients, diabetes mellitus in
six patients, coronary artery disease in four patients).
Among the patient group; 22 patients, 16 patients, and 26
patients were categorized as mild, moderate, and severe/
critical disease, respectively.

The mean thyroid gland volume was significantly lower
in COVID-19 survivors (10.3 ± 3.4 mL) than in the controls
(14 ± 5.3 mL) (p= 0.001). Sex-specific analysis revealed
that there were no difference in terms of thyroid gland
volume in males (11.09 ± 3.09 mL) and females (9.57 ±
3.58 mL). There was no significant difference in TSH, fT4,
fT3, anti-TPO and anti-Tg positivity between the two
groups (Table 1). A normal and a smaller thyroid volume
picture of USG was given in Fig. 1.

When the thyroid gland volume of COVID-19 survivors
were compared according to their characteristics, such as
lymphopenia (36 patients), history of oxygen demand (22
patients), hospitalisation in ICU (5 patients), intubation (2
patients), and steroid therapy (7 patients) during acute
COVID-19 and gender and anti-TPO/Tg positivity, no
significant difference was detected between subgroups
(Table 2). We did not find any correlation between the
highest serum C-reactive protein (CRP) levels determined
during acute COVID-19 and the thyroid gland volume.

Among COVID-19 survivors, mild TSH elevation was
detected in 4 (6.2%) patients (patient 1: TSH 6.9 µU/mL,
fT4 1.16 ng/dL, fT3 3.05 pg/mL; patient 2: TSH 4.45 µU/
mL, fT4 1.18 ng/dL, fT3 3.30 pg/mL; patient 3: TSH
4.88 µU/mL, fT4 1.20 ng/dL, fT3 3.02 pg/mL; patient 4:
TSH 5.52 µU/mL, fT4 0.98 ng/dL, fT3 2.66 pg/mL), and all
of the other patients (93.7%) were euthyroid. Among the
four patients with abnormal thyroid function tests at the
time of thyroid ultrasonography, three of these patients had

severe and one of them had moderate COVID-19 severity.
All had negative anti-thyroid antibodies. Only one of the
above mentioned patients (patient number 3) had thyroid
function tests (TSH 3.63 µU/mL, fT4 1.25 ng/dL, fT3
3.08 pg/mL) in acute COVID-19.

Only 12 COVID-19 survivors had their thyroid function
checked during acute COVID-19 and no significant differ-
ence was found for TSH (median 1.46 µU/mL and 1.74 µU/
mL, respectively) and fT4 levels (median 1.25 ng/dL and
1.17 ng/dL, respectively) in comparison to post-COVID-19
period. Although within normal limits, the fT3 values in
acute-COVID-19 (3.04 ± 0.41 pg/mL) were significantly
lower than their post-COVID-19 values (3.47 ± 0.31 pg/mL)
(p= 0.02). No significant difference in the thyroid gland
volume was noted when patients were compared according
to the severity of acute COVID-19.

Discussion

The present study revealed for the first time that thyroid
gland volume was significantly lower in COVID-19 survi-
vors than in healthy subjects with similar demographic
characteristics. Additionally, mild TSH elevation was
detected in 4 (6.2%) COVID-19 survivors and the other
COVID-19 survivors were euthyroid.

Table 1 Comparison of COVID-19 survivors and control subjects

COVID-19
survivors
(N= 64)

Control group
(N= 70)

P
value

Gender 50% male, 50
% female

45.7% male,
54.3% female

0.62

Age (years) 38.8 ± 11.2
(range 21–59)

36.3 ± 10.4 (range
22–59)

0.14

BMI (kg/m2) 29.6 ± 5.4 29.1 ± 3.6 0.79

TSH
0.27–4.20 µU/mL

1.84 (1.35–2.55) 1.76 (1.17–2.18) 0.22

fT4
0.93–1.97 ng/dL

1.19 (1.07–1.27) 1.20 (1.05–1.32) 0.82

fT3
2–4.4 pg/mL

3.36 ± 0.40 3.26 ± 0.40 0.13

Thyroid gland
volume (mL)

10.3 ± 3.4 14 ± 5.3 0.001

Anti-TPO positivity
Range: 0–34 U/mL

5 (7.8%) 7 (10%) 0.65

Anti-Tg positivity
Range: 0–115 U/
mL

4 (6.2%) 5 (7.1%) 0.55

Both antibody
positives

2 (3.1%) 4 (5.7%) 0.68

BMI body mass index, TSH thyroid-stimulating hormone, fT4 free
thyroxine, fT3 free triiodothyronine, TPO thyroid peroxidase, Tg
thyroglobulin
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It has been confirmed that COVID-19 is not only a
localized infection of the lungs but it also leads to multi-
systemic disorders. Data are accumulating regarding this
issue, including the thyroid gland. Although it is well
known that acute and reversible changes of the thyroid
gland functions may be observed in other infectious dis-
eases, the long-term temporary or reversible results of
COVID-19 arouse more curiosity. Since our patients were
evaluated at a median of 5.7 months after acute COVID-19,

our results may suggest the longer-term effect of acute
COVID-19.

In a study by Lui et al. [17], 79 patients were evaluated
for a median of 2 months after the diagnosis of COVID-19.
The authors found that thyroid gland volume was lower
than in control subjects, although the difference did not
reach statistical significance. The authors realized that
thyroid gland volume was significantly lower in patients
with a higher SARS-CoV-2 viral load, specifically among
men. The mechanisms regarding the effect of COVID-19 on
the thyroid gland are not yet fully clear. As we found in our
study, the authors did not find any association with systemic
inflammation markers such as CRP and the thyroid gland
volume [17]. We did not detect any relationship between
the inflammatory markers, gender, and severity of disease
with thyroid gland volume.

Pizzocaro et al. recruited 58 patients with COVID-19
associated thyrotoxicosis where 23 (39.7%) of the patients
died. Among the rest of the patients, 29 patients were
enrolled to the prospective study [18]. The authors reported
that all but one subject with COVID-19 related thyrotox-
icosis became euthyroid after a median of 90 days while
one-third of the patients revealed hypoechogenicity on
ultrasound evaluation associated with higher TSH values at
follow-up. They concluded that this ultrasonographic
alteration may predispose to develop late-onset thyroid
dysfunction [18]. However, although the authors give
thyroid gland volume for each patient, there is no comment
on thyroid gland volumes in comparison to any control
group or any comparison between the recruitment period
and at the end of follow-up.

In accordance to the exhibition of SARS-CoV-2
nucleocapsid antigen in the epithelial cells lining thyroid

Fig. 1 A Thyroid ultrasound
image of a healthy subject with
normal volume and normal
internal echo. B Thyroid
ultrasound image of a COVID-
19 survivor with smaller volume
and hypoechogenic areas. *
Lines represent the dimensions
to calculate thyroid volumes (in
addition to measurement of
length from the most cranial to
most caudal part of the lobe on a
screen picture)

Table 2 Thyroid gland volumes according to some variables in
COVID-19 survivors

P VALUE

Gender Male
(n= 32)

Female
(n= 32)

11.09 ± 3.09 9.57 ± 3.58 0.07

Anti-TPO (+)(N= 5) (−)(N= 59)

Range: 0–34 U/mL 8.31 ± 4.94 10.50 ± 3.25 0.17

Anti-Tg (+)(N= 4) (−)(N= 60)

Range: 0–115 U/mL 10.49 ± 3.44 7.87 ± 1.48 0.13

Lymphopenia (+)(N= 36) (−)(N= 28)

9.94 ± 3.25 10.83 ± 3.60 0.30

ICU history (+)(N= 5) (−)(N= 59)

10.48 ± 4.11 10.32 ± 3.38 0.91

Intubation history (+)(N= 2) (−)(N= 62)

13.66 ± 0.56 10.22 ± 3.41 0.16

Oxygen demand (+)(N= 22) (−)(N= 42)

10.27 ± 3.58 10.36 ± 3.30 0.91

Steroid therapy history (+)(N= 7) (−)(N= 57)

10.45 ± 3.50 10.31 ± 3.42 0.92

ICU intensive care unit, TPO thyroid peroxidase, Tg thyroglobulin
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follicles, the potential direct viral atrophic effect on the
thyroid, rather than systemic inflammation or non-thyroidal
illness syndrome should be considered in the pathogenesis
of COVID-19 associated thyroid gland disorders [17].
SARS-CoV-2 may disrupt the thyroid microstructure in the
acute period and may initiate thyrocyte damage. This injury
may result in a decrease in thyroid gland volume over a
longer period, even if thyroid hormone levels have no
abnormality. In addition to cases of COVID-19-induced
subacute thyroiditis presenting with classical signs and
symptoms, cases of painless thyroiditis have also been
reported [13, 19]. Subacute thyroiditis may be associated
with smaller thyroid gland volume in the recovery phase
[20]. In the present study, subacute thyroiditis was not
detected in our patients, noting that many patients were
treated with glucocorticoids during acute COVID-19.

SARS-CoV-2 and SARS-CoV-1 have been shown in
thyroid cells obtained by autopsy samples [21, 22]. In
addition, autopsy examinations of SARS-CoV-1-infected
patients showed a decrease in staining and intensity of
pituitary TSH-secreting cells compared to healthy controls
[23]. We may speculate that SARS-CoV-2 and SARS-CoV-
1 may trigger possible damage with its affinity to thyroid
and pituitary cells. Interestingly, the ACE2 receptor, which
is required for cell invasion of SARS-CoV-2, was detected
more intensively in the thyroid gland than in the lung which
may lead to the thyroid gland as a viral target [24].

In a previous study, 61 SARS-CoV-1 survivors, with no
known thyroid disease were evaluated 3 months after post-
recovery and hypothyroidism was detected in 4 (6.6%)
patients [25]. It is now well known that COVID-19 may
trigger immune system activation and autoimmune changes
[24, 26]. The cytokine storm and hyperimmune response
during COVID-19 may lead to destructive and inflamma-
tory thyroiditis [10].

The role and/or existence of thyroid autoimmunity in
COVID-19 survivors has been investigated. Although we
did not detect any difference with healthy subjects for
antibody positivity, our study was cross-sectional and was
not able to evaluate the longitudinal changes in anti-thyroid
antibodies. On the other hand, Lui et al. compared the anti-
Tg and anti-TPO titers of 104 COVID-19 patients during
the acute infection period and in 3 months after post-
COVID-19 and they revealed a significant increase in
antibody titers [27]. In an another study, Lui et al. [28]
evaluated the prevalence and predictors of long COVID-19
and the potential role of thyroid function and autoimmunity
in 204 patients. They revealed that apart being female,
higher SARS-CoV-2 viral load increase tendency to long
COVID-19. However, the authors demonstrated that most
of the thyroid dysfunction recovers spontaneously and
patients with positive anti-TPO have more likely symptom
resolution. Similarly, Clarke et al. also showed the

preservation of thyroid and adrenal gland functions three
months after COVID-19 [29].

Khoo et al. evaluated 334 patients with acute COVID-19
diagnosis and revealed that euthyroidism was present in
85.2% of patients. Among these 334 patients, 55 were
followed for a median of 2.5 months, and 47 patients were
still euthyroid, mildly increased TSH values were found in 2
patients, mildly low fT4 values were found in 4 patients,
and mildly decreased TSH values were found in 2 patients
[30]. Chen et al. showed TSH values lower than the normal
range in 28 (56%) of 50 COVID-19 patients in the acute
period and found significantly lower TSH and total T3
values compared to healthy subjects and explained this
situation as sick euthyroid syndrome. When patients with
abnormal thyroid function tests were re-evaluated after the
recovery period, no difference was detected compared to
healthy subjects [1]. Lui et al. showed abnormal thyroid
function tests in only 25 (13.1%) patients of 191 COVID-
19. When 10 patients were followed for a median of one
month, thyroid hormone normalization was detected in 6
patients and abnormality persisted in 4 patients [11].

In our study, thyroid hormone levels were evaluated in
12 patients during the acute period and all were euthyroid.
Only 4 (6.2%) of 64 patients had mild elevations in TSH
values and there was no difference for thyroid hormone
levels compared to healthy subjects in the post-COVID-19
period. Recovery of thyroid hormone abnormalities in the
acute period does not mean that possible sequelae of
COVID-19 in the thyroid gland will be completely nor-
malized. Mildly elevated TSH values may be the recovery
from non-thyroidal illness syndrome in acute COVID-19,
however, those elevated TSH values may also be a pre-
cursor of overt hypothyroidism in the later periods and
hypothyroidism may be the result of decreased thyroid
gland volume. The visible picture of our study may be an
early stage of a subclinical injury with the decrease in the
thyroid gland volume. A longer follow-up may be needed to
clarify this picture fully.

There are some limitations of this study such as its cross-
sectional design, which did not reveal the causalitiy and
lack of control of non-COVID-19 infection survivors. The
severity classification of COVID-19 used in the present
study was based mostly on clinical findings and it does not
include viral load. Although we could not evaluate viral
load, which may be a limitation of the study, the viral load
may not always correlate with disease severity. The thyroid
function in acute COVID-19 was only available in a min-
ority of the COVID-19 survivors and thyroid parenchymal
changes have not been specifically evaluated. In addition to
being a cross-sectional study, this study has also retro-
spective nature, thus anti-thyroid antibodies were not
available at COVID-19. Additionally, if the patients give
informed consent they were recruited via a convenience
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sampling and we cannot exclude a selection bias done by
Infection Disease Department where the patients were
directed to Endocrinology Department.

In conclusion, COVID-19 survivors had smaller thyroid
gland volume and only a minority of them had abnormal
thyroid function. Further prospective studies are needed for
more precise mechanisms and data.

Data availability
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