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Abstract
Background: Given the paucity of research investigating the changes of thyroid hormones in people
affected with COVID-19, this study aimed to evaluate the levels of thyroid hormones in people affected by
COVID-19 infection in Ahvaz, Iran.

Methods: This was a comparative cross-sectional study on 78 patients with COVID-19 infection and 80
individuals without infection. Thyroid stimulating hormone (TSH), Triiodothyronine (TT3) and
tetraiodothyronine (TT4) were measured in hospitalized patients and one month after recovery and in
participants without infection. Data were analyzed using paired t-test, Wilcoxon test, and ANCOVA.

Results: The level of TSH at baseline in the hospitalized patients was signi�cantly lower than that in the
control group (1.24±1.08 vs. 2.05± 1.02 mlU/L, respectively, p<.0001). The mean level of TT3 was
1.20±0.24 and 1.28 ± 1.25 ng/dL in the case and control groups respectively (p=.188). The level of TT4 in
the case group was high at baseline in comparison to the control group (8.48±2.27 vs. 7.76 ± 1.43 ng/dL,
p=.076) that was reduced in the follow-up period. Thirty-�ve (44.8%) patients had severe disease and
were admitted to ICU, that nine of them have died. The level of TSH was non- signi�cantly lower in
patients with severe disease compared to those with moderate disease.

Conclusion: Patients with COVID-19 infection showed abnormalities in thyroid hormones such as
decreased levels of TSH. Patients with severe disease had a lower level of TSH. More investigation about
thyroid function in patients with COVID-19 are recommended.

Background
COVID-19 infection was detected in late 2019 in Wuhan (China), and so far, 203, 944,144 con�rmed cases
and 4,312,902 deaths from this disease have been recorded. Meanwhile, about �ve million cases of
COVID-19 have been diagnosed in Iran, and more than 100,000 people have died so far in this country [1].

The effect of COVID-19 infection on the level of endogenous hormones in the body recently attracted
much scholarly attention. One group of these hormones are thyroid hormones. Despite the importance of
this topic, few studies have evaluated the changes of thyroid hormones in people affected with COVID-19.
For instance, Chen et al. studied 50 people affected with COVID-19 and found that the levels of Thyroid
Stimulating Hormone (TSH) and Triiodothyronine (T3) were signi�cantly lower than those in healthy
people [2]. Con�rming Chen et al’s �ndings, Wang et al. also, reported that even TSH level was much
lower in patients with severe COVID-19 infection compared with other patients [3]. Lania et al. found that
the function of thyroid in most cases who were affected with COVID-19 infection remained normal, some
cases showed thyrotoxicosis, and only minority of the patients showed hypothyroidism [4]. A systematic
review including seven studies and 1237 patients, showed that the prevalence of thyroid dysfunction was
varied from 13–64% in patients affected with COVID-19 infection [5]. Wang et al. in their study on 84
hospitalized patients with COVID-19 infection found that the level of total triiodothyronine (TT3) and
thyroid stimulation hormone (TSH) were signi�cantly lower in the patients than that in the healthy people,
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and 61.9% of patients showed thyroid function abnormalities [3]. Also, Xu et al. in a systematic review on
11 studies and 2,995 COVID-19 patients found that thyroid dysfunction was associated with severe
COVID-19 infection, with the hypothyroidism had a grater relationship with severe COVID-19 infection [6].
According to evidence, non-thyroid illness (NTI) syndrome are the most hormonal alteration that observed
in COVID-19 patients, and most changes in thyroid hormones are caused by cytokine storm (7). Most
studies classi�ed thyroid disorders during COVID-19 infection as euthyroid sick syndrome (ESS) or
destructive thyroiditis [8–9].

Although a number of studies have examined the association of COVID-19 infection with thyroid
hormones, this association is not yet fully understood. Moreover, no study has yet been conducted on this
topic in Iran. Therefore, this study was conducted to evaluate the effect of COVID-19 infection on thyroid
hormones in hospitalized patients in Ahvaz, Iran.

Methods
This was a comparative cross-sectional study on 78 hospitalized patients with COVID-19 infection and 80
individuals without COVID-19 infection. The design of this study was approved by the Ethics Committee
of Ahvaz Jundishapur University of Medical Sciences (Ref No: IR.AJUMS.REC.1399.541). Individuals with
the following criteria were recruited for the study: age up to 55 years for males and up to 45 years for
females (to avoid the effect of perimenopause on thyroid hormones), and con�rmed infection with
COVID-19 based on PCR test or lung CT-scan for the groups with COVID-19 infection. Menopausal
women, and people with known hormonal dysfunction were excluded from the study. All participants
provided written informed consent for participation in the study.

Measurements
A demographic questionnaire and a check list were used to collect the data. All patients with con�rmed
COVID-19 infection who were hospitalized in Razi Hospital of Ahvaz, Iran were screened for eligibility.
Razi Hospital is a university hospital with 200 beds that was designated for the admission of patients
with COVID-19 infection from the early days of COVID-19 pandemic in Iran.

Eligible hospitalized patients were requested to �ll-up a demographic questionnaire. Then, 5mL venous
blood sample was collected from all patients, and placed into gel tubes, and transferred to a reference
laboratory (Novin Lab, Ahvaz). The blood samples were centrifuged for 10 minutes. Then the sera were
separated in gamma tubes with a lid and stored in a freezer (-20 C°) until the time of evaluation. The
measurement technique was based on quantitative luminescence, which has a much higher sensitivity
and speci�city than the enzyme-linked immunoassay (ELISA). A severe disease was de�ned when around
50% of the lung had been affected with virus, or if the level of blood oxygen was less than 93%. Patients
with severe disease were transferred to intensive care unit (ICU).
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Thyroid function was assessed using measurement of thyroid stimulating hormone (TSH), total
Triiodothyronine (TT3) and total tetraiodothyronine (TT4). The same thyroid hormones were measured in
the control group that had these tests for routine checkups [10]. The results of laboratory tests were
recorded in a checklist.

Statistical Analyses
All data were entered into SPSS version 22 (IBM SPSS Statistics for Windows). Results were presented as
mean ± SD or number and frequency. The independent t-test, Chi-square test, Mann-Whitney, and
Wilcoxon test were used to compare variables between groups. Because age between two groups was
signi�cant, the ANCOVA test was used to adjust this effect. P < 0.05 was considered statistically
signi�cant.

Results
Blood samples from 78 hospitalized men and women with COVID-19 infection of whom 30 (18.5%) were
in the intensive care unit (ICU) were initially tested. One month after discharge from the hospital, nine
patients died because of COVID-19 infection (six males and three females), and four patients from those
admitted to ICU died because of disease severity.

Demographic characteristics of participants are presented in Table 1. As evident from this table,
participants in the control group were signi�cantly younger than that in the case group (p < .001).
Participants did not show any signi�cant difference regarding sex, occupation, educational attainment,
and marital status. Most participants in the CVID-19 group had a complex of symptoms of infection,
while 26.9% of them had only one symptom.



Page 5/11

Table 1
Demographic characteristics of participants in the case and control groups

Variable Participants

n = 78

Control
group

n = 80

P
value

  Mean ± SD  

Age (y) 38.94 ± 
6.68

32.27 ± 
6.84

< .001

  n (%)  

Sex      

Female 39(50.0) 40
(50.0)

< .99

Male 39(50.0) 40(50.0)

Occupation      

Unemployed 6(7.7) 6(7.5) .99

Housewife 31(39.7) 32(40)

Manual worker 3(3.8) 4(5)

Employed 18(23.1) 17(21.3)

Self-employee 20(25.6) 21(26.3)

Education      

Primary 20(25.6) 19(23.8) .99

High school 11(14.1) 13(16.3)

Diploma 27(34.6) 26(32.5)

University education 20(25.6) 22(27.5)

Marital status      

Single 10(12.8) 12(15) .91

Married 68(87.2) 68(85)

Signs and symptoms of COVID-19 infection      

Fever + chills + shortness of breath and pain in the body 11(14.1) -  

Fever + shortness of breath + chills and headache 16(20.5) -  

All symptoms 30(38.5) -  
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Variable Participants

n = 78

Control
group

n = 80

P
value

One of the following symptoms such as fever, cough, headache,
or shortness of breath

21(26.9) -  

Table 2 shows the level of thyroid hormones in participants with COVID-19 infection and in the control
group. As this table shows, the level of TSH at baseline in the hospitalized patients was signi�cantly
lower than that in the control group (p < .0001). The level of this hormone increased one month after
discharge from hospital (p = .0001).

Table 2
Thyroid hormone levels in the case and control group

before and after COVID-19 infection
Variables Case

N = 78

Control

N = 80

P value*

  Mean ± SD  

TSH (mlU/L)      

Baseline 1.24 ± 1.08 2.05 ± 1.02 < .0001

Follow-up 1.87 ± 1.26 -  

P-value .0001 -  

TT3 (ng/dL)      

Baseline 1.20 ± 0.24 1.28 ± 1.25 .188

Follow-up 1.00 ± 0.27 -  

P-value < .0001 -  

TT4 (ng/dL)      

Baseline 8.48 ± 2.27 7.76 ± 1.43 .076

Follow-up 7.31 ± 1.83 -  

p-value < .001 -  

*ANCOVA test was used adjusted for age.

The mean level of T3 was 1.20 ± 0.24 and 1.28 ± 1.25 in the case and control groups respectively that did
not show statistically signi�cant after adjusting for age (p = .188). The level of this hormone decreased
after recovery from the disease (p < .0001). The level of T4 in the case group was high in the baseline in
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comparison to the control group (8.48 ± 2.27 vs. 7.76 ± 1.43, p = .076) that was reduced in the follow-up
period (7.31 ± 1.83, p < .001).

Table 3 was designed to show the differences between two groups of patients with moderate and severe
infection. As this table shows, at baseline the mean of TSH was non-signi�cantly lower in the group with
severe infection (1.02 ± .83 vs. 1.42 ± 1.22, mlU/L, p = .27). The increase in the level of this hormone in the
group with severe disease was more dominant in the follow-up period (p = .024). The level of TT3 and
TT4 at baseline did not show any signi�cant difference, but in the follow-up the mean of TT4 was
decreased more than that in the patients with the moderate disease (p = .014).

Table 3
Comparison of thyroid hormones levels between two groups

with severe and moderate disease

  Disease severity  

Outcomes Moderate

n = 43

Severe

n = 35

P-value

  Mean ± SD  

TSH(mlU/L)      

Baseline (n = 78) 1.42 ± 1.22 1.02 ± 0.83 0.27*

Follow-up (n = 69) 1.55 ± 1.06 2.27 ± 1.38 .024*

TT3 (ng/dL)      

Baseline (n = 78) 1.19 ± .26 1.20 ± .21 .513*

Follow-up (n = 69) 1.04 ± .25 .95 ± .29 .146*

TT4 (ng/dL)      

Baseline (n = 78) 8.48 ± 2.46 8.48 ± 2.04 .99**

Follow-up (n = 69) 7.80 ± 1.65 6.72 ± 1.90 .014**

*Mann-Whitney **Independent t-test

Discussion
This study was designed to evaluate the levels of thyroid hormones in COVID-19 patients during the
active period of the disease and one month after recovery. Our results showed that the levels of TSH in
both males and females decreased during the active period of COVID-19 infection in comparison to the
control group, while in the follow-up period, an increase was observed in the level of this hormone. In line
with our study, Wang et al. studied 84 hospitalized COVID-19 patients and found that the levels of TT3
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and TSH in these patients were lower compared with healthy people (p < 0.001) [3]. Few cases of
subacute thyroiditis (SAT) accompanying COVID-19 infection have been reported since the onset of the
COVID-19 pandemic [11]. Khatri et al. in their study explained a case of COVID-19 infection that
manifested SAT without any clinical, or radiological cause of this other than COVID-19 were negative [12].
Furthermore, Muller et al. in their study in hospitalized patients who affected with COVID-19 infection
found that patients with more severe disease showed thyrotoxicosis and low level of TSH that might be
resulted from SAT induced by COVID-19 infection [13]. Our results are line with above-mentioned studies.

Our results showed that the levels of TT3 and TT4 were high during the active period of infection which
fell signi�cantly in the follow-up period. Similar to our results, Weiwei et al. in their study on 1395
individuals found that the level of FT4 increased and level of TSH and FT3 decreased signi�cantly in
patients with COVID-19 infection [14].

Chen et al. conducted a retrospective study on 50 patients and found that lower TSH was present in 56%
of COVID-19 patients, and their levels of TT3 was lower compared with healthy people. Based in their
results, the more severe the disease, the lower the level of thyroid hormones. They concluded that thyroid
hormone levels were more likely to change in people with severe COVID-19 disease [2]. Also, Wang et al.
conducted a study on 84 hospitalized COVID-19 patients and found that the level of TT3 and TSH were
signi�cantly decreased during the active period of COVID-19 infection [3]. Our results are similar to Chen
et al. and Wang et al. except for that the level of TT3 in our study was higher in the active period of the
disease and then reduced. The increase in the level of TT3 was negligible and even was much closed to
the level of this hormone in the healthy individuals (1.20 ± 0.24 vs. 1.28 ± 1.25, p = .188). In our study,
patients underwent corticosteroid therapy from the admission to hospital that may cause these
manifestations.

The mechanism of change in thyroid hormones in infectious diseases is unknown. Studies have shown
that the cause of changes in the level of thyroid hormones especially TSH during infectious diseases may
not related to the pituitary origin, and may result from outside of pituitary such as bone marrow [15]. At
the present time there is no evidence in favor of direct thyroid effect of cytokines on thyroid hormones [7].
Other studies explained the role of angiotensin-converting enzyme 2 (ACE2) receptors in the entry of
viruses into the thyroid cells and cytokine storm [16]. Also, apoptosis may play a role in the thyroid
dysfunction associated with SARS disease [17].

In our study, 35 patients (44.8%) had a severe form of disease and were admitted to ICU, that none of
them died. Patients with severe disease had non-signi�cant lower levels of TSH at baseline. These results
are in line with those of Chen et al [2]. Also, Beltrao et al. reported that FT3 levels were lower in patients
with severe disease, while the serum reverse triiodothyronine (rT3) was elevated in patients with severe
disease. They drew the conclusion that thyroid hormones have a correlation with severity of the disease
[18]. The results of the present study are in line with those of Beltrao et al’s. In line with our study, Yazan
et al. found that there is a relationship between changes of thyroid hormones and mortality in patients
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with COVID-19 infection, in this way that patients with higher reduction in TSH, FT3, and higher level of
FT4 were more likely to admit to ICU or die [19].

Limitations Of The Study
This is the �rst study in Iran to prospectively follow up hospitalized patients with COVID-19 infection one
month after recovery from the disease. The steroid therapy regularly starts for any COVID-19 patient that
admit to hospital in Iran. Therefore, the changes in thyroid hormones may partly due to steroid therapy
and not COVID-19 infection.

Conclusion
According to the results of this study, patients with COVID-19 infection showed abnormalities in thyroid
hormones such as decreased levels of TSH which returned to normal ranges after recovery. Patients with
severe cases of COVID-19 showed higher levels of TSH and lower levels of TT3 and TT4. More
investigations about thyroid function in patients with COVID-19 are recommended.
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Intensive care unit
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