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Abstract

Objective COVID-19 is a new coronavirus infectious disease. We aimed to study the characteristics of thyroid hormone
levels in patients with COVID-19 and to explore whether thyroid hormone predicts all-cause mortality of severely or criti-
cally ill patients.

Methods The clinical data of 100 patients with COVID-19, who were admitted to Wuhan Tongji Hospital from February
8 to March 8, 2020, were analyzed in this retrospective study. The patients were followed up for 6-41 days. Patients were
grouped into non-severe illness and severe or critical illness, which included survivors and non-survivors. Multivariate Cox
proportional hazards analysis was used to estimate hazard ratios (HRs) and 95% confidence intervals (Cls) for all-cause
mortality in association with continuous and the lower two quartiles of thyroid hormone concentrations in severely or criti-
cally ill patients.

Results The means of free T3 (FT3) were 4.40, 3.73 and 2.76 pmol/L in non-severely ill patients, survivors and non-survivors,
respectively. The lower (versus upper) two quartiles of FT3 was associated with all-cause mortality HR (95% CI) of 9.23
(2.01, 42.28). The HR (95% CI) for all-cause mortality in association with continuous FT3 concentration was 0.41 (0.21,
0.81). In the multivariate-adjusted models, free T4 (FT4), TSH and FT3/FT4 were not significantly related to all-cause
mortality. Patients with FT3 less than 3.10 pmol/L had increased all-cause mortality.

Conclusion FT3 concentration was significantly lower in patients with severe COVID-19 than in non-severely ill patients.
Reduced FT3 independently predicted all-cause mortality of patients with severe COVID-19.
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the country and the world afterward. According to a previ-
ous report from the Chinese Center for Disease Control and
Prevention, 14% of cases in mainland China were severe
and 5% were critical. The mortality rate of COVID-19 was
2.3% [1]. Stratifying patients with COVID-19 according to
their clinical severity may help improve their prognosis [2].

Decreased serum triiodothyronine (T3) concentration
in euthyroid patients, which is termed nonthyroidal illness
(NTIS) or euthyroid sick syndrome, is frequently present in
critically ill patients. Reduced T3 concentration has been
related to mortality in patients with chronic renal failure
(CRF) [3], acute myocardial infarction [4], and surgi-
cal sepsis [5]. Other studies showed that decreased TSH
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concentration was an independent predictor of mortality in
patients with acute-on-chronic liver failure [6] or elderly
people in community [7]. Little is known about the thyroid
function characteristics and the utility of thyroid hormone
for predicting clinical outcomes in patients with severe
COVID-19.

In this retrospective study, we aimed to explore the char-
acteristics of thyroid function and its role in predicting the
risk of all-cause mortality in severely or critically ill patients
with COVID-19. We hypothesized that thyroid hormone lev-
els can predict the death of patients with severe COVID-19.
This study used clinical data of COVID-19 patients admitted
to two wards of Wuhan Tongji Hospital managed by rein-
forcement medical teams dispatched by Peking University
Medical Center.

Materials and methods
Study population

After the outbreak of COVID-19 in Wuhan, China, Peking
University Medical Center sent medical teams to Wuhan to
manage three wards of Tongji Hospital. From February 8 to
March 8 in 2020, 115 patients with COVID-19 pneumonia
were admitted to two of the wards where thyroid hormone
concentrations were routinely measured. After 14 patients
were excluded due to missing data on thyroid hormones and
one patient was excluded due to known hypothyroidism, 100
patients (aged 24-88 years) were included in the current
study. The patients were followed up for 6 to 41 days, with
median (25th, 75th percentile) follow-up of 22.0 days (14.0,
28.8) days. During the study period, 22 patients died during
hospitalization, 66 patients recovered and were discharged,
and 12 patients were still hospitalized. In total, among the
100 patients, there were 66 patients including severely ill
people and critically ill people. Survival analysis was per-
formed only in the severely or critically ill patients.

Data collection

We recorded patient demographic information, medical his-
tory, and medication history on the day of hospitalization.
Body temperature, respiratory rate, blood pressure and blood
oxygen saturation were measured. In the early morning of
the day after admission, the patient’s fasting venous blood
was collected for complete blood count, biochemical tests,
thyroid hormone, pro-inflammatory cytokines including
interleukin-6 (IL-6) and tumor necrosis factor a (TNF-a),
high sensitive C-reactive protein (hs-CRP), N-terminal pro-
brain natriuretic peptide (NT-proBNP), and D-dimer.
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Laboratory test

A Roche Cobas 8000 automatic biochemical analyzer
(Roche, Switzerland) was used for the determination of
serum alanine aminotransferase, aspartate aminotransferase,
total bilirubin, direct bilirubin, albumin, creatinine and hs-
CRP. A Roche Cobas €602 electrochemical luminescence
analyzer (Roche, Germany) was used for the determina-
tion of free T3 (FT3), free T4 (FT4), TSH, IL-6, TNF-«a
and NT-proBNP. The ratio of FT3 and FT4 (FT3/FT4) was
calculated. D-dimer was determined using STAGO STA-R
automatic blood coagulation analyzer (STAGO, France).

Diagnostic criteria for COVID-19

The diagnosis of COVID-19 was based on symptoms such
as fever, coughing, and dyspnea. The diagnostic imaging
findings of COVID-19 infection were confirmed by a radi-
ologist. The confirmation of COVID-19 was based on the
detection of nucleic acid by polymerase chain reaction in
the respiratory tract.

Diagnostic criteria for comorbidity

Severe illness was defined as patients with COVID-19 with
blood oxygen saturation <93% or respiratory rate > 30 per
min [1] on admission. When patients with COVID-19 were
complicated by ARDS, sepsis shock, and/or organ failure
including acute heart failure and acute kidney injury (AKI)
or ongoing hemodialysis from the day of admission to one
week after admission, they were defined as having critical
illness [1]. Patients with COVID-19 who had only pneu-
monia without the above conditions were classified as non-
severe illness.

The diagnosis of ARDS was in accordance with the Berlin
definition [8], where the patient had impaired oxygenation
and met all of the following criteria: the respiratory symp-
toms worsen within 1 week, bilateral lung infiltrating lesions
had no other explanation, cardiogenic pulmonary edema was
excluded, and the severity of oxygenation impairment was
mild if the ratio of arterial partial pressure of oxygen to frac-
tion of inspired oxygen (PaO,/FiO,) greater than 200 mmHg
but less than or equal to 300 mmHg, oxygenation impair-
ment was moderate if PaO,/FiO, greater than 100 mmHg but
less than or equal to 200 mmHg, and if PaO,/FiO, was less
than or equal to 100 mmHg, oxygenation impairment was
severe. Septic shock was defined as the patient with hypo-
tension requiring continuous administration of vasopres-
sors to maintain a mean arterial pressure above 65 mmHg,
and a serum lactate concentration greater than 2 mmol/L
[9]. Organ failure includes acute heart failure, acute kidney
injury or ongoing hemodialysis treatment. The diagnosis
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of acute heart failure was based on the patient’s medical
history, assessment of the symptoms and signs of conges-
tion and/or hypoperfusion, electrocardiograms, chest radio-
graphs, and measurement of specific biomarkers according
to the 2016 European Society of Cardiology guidelines [10].
According to Kidney Disease Improving Global Guidelines
(KDIGO), the diagnosis of AKI was based on one of the fol-
lowing criteria: the increase in serum creatinine within 48 h
was greater than or equal to 26.5 pmol/L, or it was known or
speculated that the increase in serum creatinine was greater
than or equal to 1.5 times the baseline within the previous
7 days, or urine volume was less than or equal to 0.5 ml/
kg/hfor 6 h [11].

Statistical analysis

Statistical analyses were performed using SPSS (version 22,
SPSS, Inc., Chicago, IL). Continuous variables with normal
distribution are presented as means + SD and were compared
using ¢ tests. Variables with skewed distribution are pre-
sented as median (25th, 75th percentile) and were compared
using Mann—Whitney U tests. Categorical data are presented
as number and percentage and were compared using Chi-
squared tests. Correlations between thyroid hormone and
hs-CRP, IL-6 or TNF-a were determined by calculating the
Pearson correlation coefficient after log-transformation of
the skewed data. All-cause mortality rates per 100 person-
days were calculated for severely or critically ill patients.
Cox proportional hazards models were used to estimate
covariate-adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs) for all-cause mortality in association with
50th percentiles and continuous FT3 concentration.

Results
Characteristics of patients

Severely or critically ill patients were more severe hypoxia
had higher concentrations of NT-proBNP, D-dimers, hs-
CRP, interleukin-6 and TNF-a than non-severely ill patients.
Severely or critically ill patients had lower concentrations of
serum albumin, FT3, TSH and FT3/FT4 than non-severely
ill patients (Table 1). All the non-severely ill patients sur-
vived. A total of 22 all-cause deaths, including 21 deaths
from COVID-19 and one death from acute cardiac infarc-
tion, occurred among 66 severely or critically ill patients
during a median follow-up of 21.5 days. Patients who died
were more hypoxic, had higher concentrations of NT-
proBNP, D-dimers, hs-CRP, IL-6 and TNF-«, and lower
concentrations of serum albumin, FT3, TSH and FT3/FT4
than survivors (Table 1).

In non-severely ill patients, survivors and non-survivors,
the means (95% CI) of FT3 were 4.40 (4.09, 4.71), 3.73
(3.46,4.00) and 2.76 (2.54, 2.98) pmol/L, respectively. The
means (95% CI) of FT4 were 18.97 (17.93, 20.00), 18.97
(17.85, 20.09) and 17.46 (15.65, 19.27) pmol/L, respec-
tively. The medians of TSH were 2.03, 1.34, 0.75 pIU/mL,
respectively (Table 1, Fig. 1). No patients had FT3 con-
centrations above the normal upper limit of 6.80 pmol/L.
There were 5.9, 18.2 and 81.8% patients who had FT3 con-
centrations below the normal lower limit of 3.10 pmol/L
in non-severely ill patients, survivors and non-survivors,
respectively (Table 1). A total of 17 patients had FT4 con-
centrations above the normal upper limit of 22 pmol/L,
and two of them had FT3 below the normal lower limit of
3.1 pmol/L. Among the 17 patients with high FT4 concen-
trations, 13 patients (76.5%) were severely or critically ill
and 12 patients (70.6%) were survivors (Table 1). After
3-8 days, eight patients were reexamined for thyroid hor-
mone, three non-severely ill patients and three survivors
returned to normal FT4 concentration (one patient’s FT3
concentration decreased upon admission also returned to
normal), and two survivors still had increased FT4. There
were eight patients whose TSH concentration was higher
than the upper limit of the normal value of 4.2 pIU/mL
(Table 1). Among them, one patient also had an increase in
FT4 and one had a decrease in FT3. Among all patients, only
three patients (3%) had FT4 concentrations below the nor-
mal lower limit of 12 pmol/L, and seven patients (7%) had
TSH concentrations below normal lower limit of 0.27 pIU/
mL (Table 1).

Association between all-cause mortality risk
and thyroid hormone

In the Cox proportional hazards models, survived/non-
survived was used as the dependent variable, and the inde-
pendent variables included FT3, FT4, TSH and FT3/FT4,
which were separately fitted into the models. Other inde-
pendent variables were confounding factors including age,
gender, duration of COVID-19, blood oxygen saturation
reflecting the severity of COVID-19 and hs-CRP, a com-
monly used indicator reflecting the degree of inflammation.
The all-cause mortality risk decreased with increased FT3
concentration, the HR (95% CI) was 0.37 (0.20, 0.69) after
adjusting for age [HR (95%CI) 1.02 (0.98, 1.06)], sex [men
versus women 0.95 (0.40, 2.28)], duration of COVID-19
[0.91 (0.82, 1.02)] and blood oxygen saturation [0.98 (0.94,
1.02)]. The HR (95% CI) was 0.41 (0.21, 0.81) after further
adjusting for hs-CRP [1.003 (0.997, 1.009)] (Table 2). In the
multivariate-adjusted models, FT4, TSH and FT3/FT4 were
not significantly related to all-cause mortality (Table 2). To
exclude the effect of glucocorticoid on thyroid function, sen-
sitivity analyses were performed after excluding 11 patients
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Table 1 Baseline characteristics of 100 patients with COVID-19 by severity and survival status

Non-severely ill Severely or critically ill P value* All-cause mortality in severely or critically ill patients
Patients patients - -
Survivors Non-survivors P value**
N 34 66 44 22
Age (years) 61.4+15.2 632+134 0.535 61.8+13.3 66.0+13.5 0.232
Men n (%) 16 (47.1) 36 (54.5) 0.478 23 (52.3) 13 (59.1) 0.600
Duration (days) 14+6 13+6 0.488 14+5 11+5 0.068
Blood oxygen satura- 96+1 87+9 <0.001 89+8 83+8 0.005
tion (%)
Temperature ('C) 38.3+0.9 38.5+09 0.455 38.4+1.0 38.7+0.9 0.182
Respiratory rate (times/ 21+3 29+5 <0.001 28=+4 3245 <0.001
min)
Systolic blood pressure  135+17 132+27 0.525 133+24 128 +33 0.489
(mmHg)
Diastolic blood pressure 80+ 13 78+ 17 0.648 79+ 14 78+21 0.957
(mmHg)
White blood cells 5.48+2.14 7.78+4.59 0.001 6.20+3.13 10.93 +5.44 0.001
(x10°/L)
Neutrophil count 3.53+1.93 6.43+4.56 <0.001 4.72+2.85 9.84+543 <0.001
(x 10°/L)
Lymphocyte count 1.40+0.53 0.81+0.42 <0.001 0.95+0.43 0.55+£0.25 <0.001
(x10°/L)
Alanine aminotrans- 19 (12, 30) 29 (15, 43) 0.059 28 (13, 42) 29 (17, 56) 0.406
ferase (U/L)
Aspartate aminotrans- 23 (17, 28) 35 (20, 47) 0.002 30 (19, 45) 41 (23, 62) 0.129
ferase (U/L)
Total bilirubin (pmol/L) 9.5 (6.7, 13.0) 10.1 (7.0, 15.7) 0.321 8.8(6.8,14.2) 13.9 (10.2,24.9) 0.008
Direct bilirubin 4.1(2.5,5.3) 4.6 (3.0, 8.2) 0.064 3.7(3.0,6.8) 7.6 (4.4, 15.5) 0.004
(pmol/L)
Serum albumin (g/L) 36.1+4.4 31.6+4.6 <0.001 32.9+42 289+4.1 <0.001
NT-proBNP (pg/mL) 76 (38, 201) 360 (169, 2503) <0.001 242 (114, 595) 1535 (377, 11,246)  0.001
Serum creatinine 75 (58, 90) 78 (64, 112) 0.196 72 (63, 99) 92 (62, 154) 0.399
(pmol/L)
FT3 (pmol/L) 4.40+0.88 3.41+£0.90 <0.001 3.73+0.88 2.76+0.49 <0.001
FT3 by reference range (pmol/L)
<3.10 2(5.9) 26 (39.4) <0.001 8(18.2) 18 (81.8) <0.001
3.10-6.80 32 (94.1) 40 (60.6) 36 (81.8) 4(18.2)
>6.8 - - - -
FT4 (pmol/L) 18.97+£2.97 18.47+3.86 0.514 18.97+3.69 17.46 +£4.08 0.135
FT4 by reference range (pmol/L)
<12 1(2.9) 2 (3.0 - 2(4.5) 0(0) -
12-22 29 (85.3) 51(77.3) 30 (68.2) 21(95.5)
>22 4(11.8) 13 (19.7) 12 (27.3) 1(4.5)
TSH (pIU/mL) 2.03 (1.24,3.31) 1.20 (0.45, 2.05) 0.002 1.34 (0.83,2.19) 0.75 (0.29, 1.78) 0.029
TSH by reference range (WIU/mL)"
<0.27 0(0) 7 (10.6) - 2(4.5) 5(22.7) -
0.27-4.2 32 (94.1) 53 (80.3) 38 (86.4) 15 (68.2)
>4.2 2(5.9) 6(9.1) 409.1) 209.1)
FT3/FT4 0.24+£0.06 0.19+£0.05 <0.001 0.20+0.06 0.16£0.04 0.001
Fasting plasma glucose  6.30+2.63 8.22+4.73 0.010 7.41+4.42 9.85+5.02 0.047
(mmol/L)
D-dimers (pg/mL) 0.58 (0.38, 1.46) 2.10 (1.19, 6.62) <0.001 1.66 (1.07,2.78) 11.30 (2.20, 21.00) <0.001
hs-CRP (mg/L) 6.1(2.0,36.4) 71.2 (25.2,180.7) <0.001 42.6 (23.0, 134.0) 178.2 (46.9,261.9)  0.002
IL-6 (pg/mL) 4.86 (1.99, 18.15) 40.52 (14.89, 67.78) <0.001 38.11(11.23,53.62) 54.10 (34.29, 152.90) 0.014
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Table 1 (continued)

Non-severely ill
Patients

Severely or critically ill

P value* All-cause mortality in severely or critically ill patients

patients

Survivors Non-survivors P value**
TNF-a (pg/mL) 6.0 (4.3, 8.9) 11.4 (7.6, 14.8) <0.001 11.4(6.5,13.9) 11.7 (7.8, 15.3) 0.563
Glucocorticoid using 4(11.8) 11 (16.7) 0.515 5(11.4) 6 (27.3) 0.199

Data were expressed as means+SD for continuous data with normal distribution, median (25th, 75th percentile) for continuous data with
skewed distribution, and n (%) for categorical data. P value was for the difference between groups using ¢ test for normal distributed data, Mann—
Whitney U test for skewed distributed data, and Chi-squared test for categorical data

NT-proBNP N-terminal pro-brain natriuretic peptide, FT3 free T3, FT4 free T4, hs-CRP high-sensitivity C-reactive protein, /L-6 interleukin-6,

TNF-a tumor necrosis factor o

*Compared between non-severely ill patients and severely or critically ill patients

**Compared between the survivors and non-survivors in severely or critically ill patients

TComparing between categories was not performed because more than 20% of the cells have expected count less than 5
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Non-severely ill  Survivors Non-survivors

patients

who had used glucocorticoid before thyroid function exami-
nation. The results did not change substantially. The HR
(95% CI) for mortality of FT3 was 0.39 (0.20, 0.79) in the
Cox proportional risk model adjusted for age, sex, duration
of COVID-19 and blood oxygen saturation and the HR (95%
CI) was 0.42 (0.20, 0.87) after further adjusting for hs-CRP.

Severely or critically ill patients were classified accord-
ing to median of FT3 (3.29 pmol/L), FT4 (18.24 pmol/L),
TSH (1.20 pIU/mL) and FT3/FT4 (0.18). All-cause mortal-
ity rates (95% CI) were 3.10 (1.90, 4.74) and 0.26 (0.03,
0.92) per 100 person-day in patients with FT3 <3.29 pmol/L
and in those with FT3 >3.29 pmol/L, respectively. The
mortality rates were 1.96 (1.07, 3.26) and 1.13 (0.49, 2.21)
per 100 person-day in patients with FT4 < 18.24 pmol/L
and FT4 > 18.24 pmol/L, respectively. In patients with

Non-severely ill Survivors Non-survivors
patients

TSH < 1.20 pIU/mL and TSH > 1.20 pIU/mL, the mortality
rates were 2.14 (1.20, 3.50) and 0.97 (0.39, 1.98), respec-
tively (Table 2). Compared with FT3 >3.29 pmol/L, the HR
(95% CI) was 10.75 (2.43, 47.57) after adjusting for age, sex,
duration of COVID-19 and blood oxygen saturation and the
HR (95%CI) was 9.23 (2.01, 42.28) after further adjusting
for hs-CRP (Table 2). Compared with patients in the upper
two quantiles of FT4, TSH and FT3/FT4, the mortality risk
of patients in the lower two quantiles did not differ signifi-
cantly (Table 2).

The all-cause mortality rate by 0.5 pmol/L intervals
of FT3 in all patients in this study is shown in Fig. 2 The
mortality rate was low at high levels of FT3 and began to
increase from the FT3 range of 3.10-3.59 pmol/L.
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Table 2 All-cause mortality (per 100 person-day) and multivariable-adjusted HR in relation to thyroid hormone in 66 severely or critically ill

patients with COVID-19

FT3 (pmol/L) Median of FT3 (pmol/L)
>3.29 <3.29
No. of death 22 2 20
Mortality 1.54 0.26 3.10
HR (95% CI)* 0.37 (0.20, 0.69) 1.00 10.75 (2.43, 47.57)
HR (95% CT)** 0.41 (0.21, 0.81) 1.00 9.23 (2.01, 42.28)
FT4 (pmol/L) Median of FT4 (pmol/L)
>18.24 <1824
No. of death 22 8 14
Mortality 1.54 1.13 1.96
HR (95% CI)* 0.93 (0.82, 1.05) 1.00 1.69 (0.70, 4.09)
HR (95% CI)** 0.95 (0.84, 1.08) 1.00 1.30 (0.52, 3.28)
TSH (pIU/mL) Median of TSH
>1.20 (pIU/mL) <1.20
No. of death 22 7 15
Mortality 1.54 0.97 2.14
HR (95% CI)* 1.01 (0.67, 1.51) 1.00 1.54 (0.57,4.16)
HR (95% CI)** 1.16 (0.76, 1.77) 1.00 1.13(0.41, 3.14)
FT3/FT4 Median of FT3/FT4
>0.18 <0.18
No. of death 22 8 14
Mortality 1.54 1.17 1.89
HR (95% CI)** 0.50 (0.25, 1.01) 1.00 1.40 (0.57, 3.47)
HR (95% CI)*** 0.60 (0.29, 1.22) 1.00 1.00 (0.38, 2.62)

FT3 free T3, FT4 free T4
*Adjusted for age, sex, duration of COVID-19, blood oxygen saturation

**Adjusted for age, sex, duration of COVID-19, blood oxygen saturation and high-sensitivity C-reactive protein (hs-CRP)

fCorresponding to a one standard deviation increase in FT3/FT4

Correlation between FT3, FT4, TSH
and inflammatory factors

Due to the skewed distribution, TSH, hs-CRP, IL-6 and
TNF-o were transformed logarithmically. In all patients, FT3
was negatively correlated with hs-CRP, IL-6 and TNF-a (all
P <0.001). TSH was negatively correlated with hs-CRP and
IL-6 (both P <0.001). FT4 was not correlated with hs-CRP,
IL-6 and TNF-a (Table 3).

The patients were divided into non-severely ill patients,
survivors, and non-survivors according to the severity and
clinical outcome. In non-severely ill patients, FT3 was nega-
tively correlated with hs-CRP (r=— 0.50, P=0.003) and IL-6
(r=-0.39, P=0.023). In survivors, FT3 was negatively cor-
related with hs-CRP (r=—0.57, P<0.001), IL-6 (r=— 0.59,
P<0.001) and TNF-a (r=— 0.48, P=0.001) (Table 3, Fig. 3).
In non-survivors, however, FT3 was not correlated with
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hs-CRP, IL-6 or TNF-a. TSH was only negatively correlated
with hs-CRP in survivors (r=— 0.45, P=0.002) (Table 3,
Fig. 3).

Discussion

The results of this study show that among patients with
COVID-19, FT3, TSH and FT3/FT4 decreased with clini-
cal deterioration of COVID-19 and were lowest in patients
who died. In severely or critically ill patients, the reduction
in FT3 was independently associated with all-cause mortal-
ity. Patients with FT3 less than 3.10 pmol/L had increased
all-cause mortality, suggesting that intensive treatment
measures should be taken to reduce the risk of death for the
patients with lower FT3 concentrations.
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4.00

Mortality (per 100 person-day)
s 3
| |

0.00

FT3 by 0.5 pmol/L intervals

Fig.2 All-cause mortality within each interval by 0.5 pmol/L inter-
vals for FT3 in all patients. F73 free T3

NTIS or euthyroid sick syndrome is characterized by a
decrease in T3 concentration in people with normal thyroid
function, which is common in critically ill patients or peo-
ple with severe nutritional deficiencies. Although the clini-
cal significance of NTIS is unclear, the use of thyroxine for
patients with NTIS did not produce additional benefits [12],
suggesting that NTIS may be a self-protection mechanism
of the body. On the other hand, many studies have shown

that NTIS was a risk factor of poor prognosis in critically
ill patients. In previous reports, T3, T4 and TSH had dif-
ferent predictive effects on prognosis. The results of two
studies conducted in intensive care unit (ICU) mechanically
ventilated patients were similar to ours. That was, the reduc-
tion of FT3, whether FT4 and TSH were normal or reduced,
can predict the adverse outcomes of these critical patients,
including death [13] and prolonged mechanical ventila-
tion time [13, 13]. Another observation in ICU patients
showed that decreases in both FT3 and FT4, rather than
FT3 declined alone, was an independent risk factor for death
[15]. The difference in the predictive effect of FT3 and FT4
on adverse outcomes in various studies may be related to
the difference in the etiological diagnosis and development
period of the severely ill patients in ICU. With the spread
of COVID-19 worldwide, accumulated evidences showed
that the clinical manifestations of thyroid involvement in
patients with COVID-19 were not consistent. Several Italian
studies reported subacute thyroiditis or painless thyroiditis
in patients with COVID-19 [16, 16]. Thyroid function of
patients with COVID-19 can be manifested as thyrotoxicosis
or hypothyroidism. The mortality rate of patients with nor-
mal TSH was lower than that of patients with abnormal TSH
[18]. The results of another Chinese study showed that TT3
and TSH levels decreased with the severity of COVID-19
[19]. These evidences reflected that the effects of SARS-
CoV-2 on the thyroid were different.

Table 3 Correlation between

. FT3 FT4 log-transformed TSH
thyroid hormone and hs-CRP,
TNF-a or IL-6 Pearson cor- P value Pearson cor- P value Pearson cor- P value
relation coef- relation coef- relation coef-
ficient ficient ficient

Total (N=100)
log-transformed hs-CRP - 0.66 <0.001 -0.06 0.546 - 047 <0.001
log-transformed IL-6 —0.60 <0.001 -0.11 0.258 —0.44 <0.001
log-transformed TNF-aa  — 0.44 <0.001 -0.12 0.223 —-0.18 0.070

Non-severely ill patients (N=34)
log-transformed hs-CRP - 0.50 0.003 -0.08 0.657 -0.23 0.198
log-transformed IL-6 -0.39 0.023 -0.20 0.259 -0.14 0.416
log-transformed TNF-aa  — 0.22 0.206 0.003 0.985 0.001 0.995

Survivors (N=44)
log-transformed hs-CRP - 0.57 <0.001 0.13 0.395 —0.45 0.002
log-transformed IL-6 —-0.59 <0.001 0.04 0.793 -0.27 0.082
log-transformed TNF-a  — 0.48 0.001 -0.16 0.286 —-0.05 0.752

Non-survivors (N=22)
log-transformed hs-CRP  — 0.35 0.109 -0.12 0.595 —-0.30 0.174
log-transformed IL-6 —0.04 0.864 —0.07 0.771 —0.40 0.063
log-transformed TNF-a 0.10 0.672 - 0.06 0.785 —-0.03 0.879

FT3 free T3, FT4 free T4, hs-CRP high-sensitivity C-reactive protein, /L-6 interleukin-6, TNF-a tumor

necrosis factor o
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Fig.3 Scatterplots of thyroid hormone and hs-CRP, IL-6 or TNF-a
according to clinical severity and outcome of COVID-19. a log-
transformed hs-CRP versus free T3. b log-transformed IL-6 versus
free T3. ¢ log-transformed TNF-a versus free T3. d log-transformed
hs-CRP versus free T4. e log-transformed IL-6 versus free T4. f log-

Some studies focused on thyroid function in patients with
specific causes of illness. In hospitalized patients with acute
heart failure, low FT3 was associated with longer hospital
stay and increased ICU admission rate. Low T3 was also
a predictor of in-hospital cardiovascular death in patients
with acute myocardial infarction [4] and all-cause mortality
in patients with chronic renal failure [3]. In patients with
acute-on-chronic liver failure, reduced TSH, rather than low
T3 or low T4, was an independent predictor of death [6].
In a community of elderly people who were followed up
over 9 years, lower TSH was found to be associated with
an increased risk of death [7]. Studies have shown that in
the acute phase of critically ill patients, the reduction of
T4 to T3 in peripheral tissues was the main reason for the
decrease in T3 concentration. In the acute phase, short-term
increases in TSH and T4 were observed as well. During the
prolonged period of critical illness, central suppression of
the thyroid axis may play an important role, causing prob-
ably T3, T4, and TSH concentrations to be reduced [20]. In a

@ Springer

transformed TNF-a versus free T4. g log-transformed hs-CRP versus
log-transformed TSH. h log-transformed IL-6 versus log-transformed
TSH. i log-transformed TNF-a versus log-transformed TSH. FT3 free
T3, FT4 free T4, hs-CRP high-sensitivity C-reactive protein, IL-6
interleukin-6, TNF-a tumor necrosis factor o

previous report on COVID-19 critically ill patients admitted
to the ICU, the median time from symptom onset to admis-
sion to the ICU was 9 days for survivors and 11 days for
non-survivors [21]. In the current exploration, NTIS mainly
manifested as a reduction of FT3 (28%), while only a low
proportion of patients showed a reduction in FT4 (3%) and
TSH (7%). These findings might reflect the characteristics of
rapid progression in critically ill COVID-19 patients.

The cause of NITS remains unclear. Excessive inflam-
matory response triggered by SARS-CoV-2 infection is
likely one of the reasons that COVID-19 patients develop
critical illness or death [22]. The process by which the
body overproduces cytokines and chemokines is called
“cytokine storm”, which is considered to be an impor-
tant mechanism for the occurrence of ARDS [23]. Pro-
inflammatory cytokines such as tumor necrosis factor [24]
and IL-6 [25] were also speculated to be involved in the
pathogenesis of NITS. But a study in patients undergoing
abdominal surgery found that T3 had already decreased
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when IL-6 had not yet increased [26]. Our data did not
dynamically observe changes in FT3 and inflammatory
factors; furthermore, we cannot speculate on the relation-
ship between low FT3, hs-CRP and pro-inflammatory
cytokines in patients with COVID-19. In our study, how-
ever, hs-CRP and IL-6 were negatively correlated with
FT3 only in non-severely ill patients and survivors; TNF-«
was negatively correlated with FT3 only in survivors;
while in non-survivors, hs-CRP, IL-6 and TNF-o were
not related to FT3. It is suggested that in different clini-
cal stages of patients with COVID-19, the inflammatory
response may play different roles in the pathogenesis of
NITS.

After the outbreak of COVID-19, the centralized admis-
sion and quarantine of the patients and the dispatch of the
medical support team of the Peking University Medical
Center allowed us to treat and collect clinical data on a large
number of COVID-19 patients in a short time to observe
thyroid function characteristics and its predictive effect on
clinical outcome. The limitations of our study include that
this is a single-center study. The ward taken over by our
medical team was assigned higher severity patients with
COVID-19. Therefore, the results of this study are more
representative of thyroid function characteristics of patients
with severe COVID-19. The median time from the patient’s
presentation of COVID-19 infection symptoms to admission
to the ward was about 2 weeks. Many patients only had a
thyroid function measurement at the time of admission, so
it was difficult to determine whether the change in thyroid
function was related to progression of the disease. Moreover,
12 patients were not discharged at the end of follow-up. The
patients we studied included a small number of people who
had used glucocorticoids. However, the sensitivity analysis
results after removing these patients were not different from
the main research results, indicating that use of glucocorti-
coids in these patients did not substantially affect the results
of this study.

In conclusion, the FT3 concentration was signifi-
cantly lower in patients with severe COVID-19 than in
non-severely ill patients. The reduced FT3 independently
predicted all-cause mortality of patients with severe
COVID-19. FT3 may become a simple tool for stratified
management of patients with severe COVID-19.

Acknowledgements We sincerely thank the medical team members
dispatched by Peking University Medical Center to Wuhan for assis-
tance in the treatment of COVID-19 and for their contributions to the
data collection.

We thank Jennifer Shine, Song Zhang and Leyi Cui for their help
in revising the English language of this article.

Funding This work is supported by Grants 2016 YFC1305600,
2016YFC1305603 from the Major Chronic Non-communicable Dis-
ease Prevention and Control Research, National Key R&D Program
of China.

Compliance with ethical standards

Conflict of interest All authors have no conflict of interest to declare.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent For this type of study, formal consent is not required.

References

1. Wu Z, McGoogan JM (2020) Characteristics of and Important
lessons from the coronavirus disease 2019 (COVID-19) outbreak
in China: summary of a report of 72314 cases from the Chinese
center for disease control and prevention. JAMA 323(13):1239-
1242. https://doi.org/10.1001/jama.2020.2648

2. Wang T, Du Z, Zhu F, Cao Z, An Y, Gao Y, Jiang B (2020)
Comorbidities and multi-organ injuries in the treatment of
COVID-19. Lancet 395(10228):e52. https://doi.org/10.1016/
S0140-6736(20)30558-4

3. Xiong H, Yan P, Huang Q, Shuai T, Liu J, Zhu L, Lu J, Shi X,
Yang K, Liu J (2019) A prognostic role for non-thyroidal ill-
ness syndrome in chronic renal failure: a systematic review and
meta-analysis. Int J Surg 70:44-52. https://doi.org/10.1016/j.
ijsu.2019.08.019

4. Su W, Zhao XQ, Wang M, Chen H, Li HW (2018) Low T3 syn-
drome improves risk prediction of in-hospital cardiovascular death
in patients with acute myocardial infarction. J Cardiol 72(3):215—
219. https://doi.org/10.1016/j.jjcc.2018.02.013

5. Todd SR, Sim V, Moore LJ, Turner KL, Sucher JF, Moore FA
(2012) The identification of thyroid dysfunction in surgical sep-
sis. J Trauma Acute Care Surg 73(6):1457-1460. https://doi.
org/10.1097/TA.0b013e318270db2c

6. WuY, You S, Zang H, Liu H, Mao Y, Mao P, Zhu B, Xu J, Xie G,
Guo J, Li D, Xin S, Wan Z (2015) Usefulness of serum thyroid-
stimulation hormone (TSH) as a prognostic indicator for acute-
on-chronic liver failure. Ann Hepatol 14(2):218-224

7. Ceresini G, Marina M, Lauretani F, Maggio M, Bandinelli S, Ceda
GP, Ferrucci L (2016) Relationship between circulating thyroid-
stimulating hormone, free thyroxine, and free triitodothyronine
concentrations and 9-year mortality in euthyroid elderly adults. J
Am Geriatr Soc 64(3):553-560. https://doi.org/10.1111/jgs.14029

8. Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Cald-
well E, Fan E, Camporota L, Slutsky AS (2012) Acute respiratory
distress syndrome: the Berlin Definition. JAMA 307(23):2526—
2533. https://doi.org/10.1001/jama.2012.5669

9. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, Bellomo R, Bernard GR, Chiche JD, Coop-
ersmith CM, Hotchkiss RS, Levy MM, Marshall JC, Martin GS,
Opal SM, Rubenfeld GD, van der Poll T, Vincent JL, Angus DC
(2016) The third international consensus definitions for sepsis
and septic shock (Sepsis-3). JAMA 315(8):801-810. https://doi.
org/10.1001/jama.2016.0287

10. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats
AJS, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA,
Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B,
Riley JP, Rosano GMC, Ruilope LM, Ruschitzka F, Rutten FH,
van der Meer P, Group ESCSD (2016) 2016 ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure: The
Task Force for the diagnosis and treatment of acute and chronic

@ Springer


https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1016/S0140-6736(20)30558-4
https://doi.org/10.1016/S0140-6736(20)30558-4
https://doi.org/10.1016/j.ijsu.2019.08.019
https://doi.org/10.1016/j.ijsu.2019.08.019
https://doi.org/10.1016/j.jjcc.2018.02.013
https://doi.org/10.1097/TA.0b013e318270db2c
https://doi.org/10.1097/TA.0b013e318270db2c
https://doi.org/10.1111/jgs.14029
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0287

1040

Journal of Endocrinological Investigation (2021) 44:1031-1040

11.

12.

13.

14.

15.

16.

17.

18.

19.

heart failure of the European Society of Cardiology (ESC)Devel-
oped with the special contribution of the Heart Failure Associa-
tion (HFA) of the ESC. Eur Heart J 37(27):2129-2200. https://
doi.org/10.1093/eurheartj/ehw128

Khwaja A (2012) KDIGO clinical practice guidelines for acute
kidney injury. Nephron Clin Pract 120(4):C179-C184. https://doi.
org/10.1159/000339789

Brent GA, Hershman JM (1986) Thyroxine therapy in patients
with severe nonthyroidal illnesses and low serum thyroxine
concentration. J Clin Endocrinol Metab 63(1):1-8. https://doi.
org/10.1210/jcem-63-1-1

Rothberger GD, Valestra PK, Knight K, Desai AK, Calixte R, Sha-
piro LE (2019) Low Free T3 Is associated with worse outcomes
in patients in the ICU requiring invasive mechanical ventilation.
J Intensive Care Med. https://doi.org/10.1177/088506661989082
2

Bello G, Pennisi MA, Montini L, Silva S, Maviglia R, Cavallaro F,
Bianchi A, De Marinis L, Antonelli M (2009) Nonthyroidal illness
syndrome and prolonged mechanical ventilation in patients admit-
ted to the ICU. Chest 135(6):1448-1454. https://doi.org/10.1378/
chest.08-1816

Plikat K, Langgartner J, Buettner R, Bollheimer LC, Woenckhaus
U, Scholmerich J, Wrede CE (2007) Frequency and outcome of
patients with nonthyroidal illness syndrome in a medical intensive
care unit. Metabolism 56(2):239-244. https://doi.org/10.1016/j.
metabol.2006.09.020

Brancatella A, Ricci D, Cappellani D, Viola N, Sgro D, Santini F,
Latrofa F (2020) Is subacute thyroiditis an underestimated mani-
festation of SARS-CoV-2 infection? Insights from a case series. J
Clin Endocrinol Metab 105(10):dgaa537. https://doi.org/10.1210/
clinem/dgaa537

Muller I, Cannavaro D, Dazzi D, Covelli D, Mantovani G, Mus-
catello A, Ferrante E, Orsi E, Resi V, Longari V, Cuzzocrea M,
Bandera A, Lazzaroni E, Dolci A, Ceriotti F, Re TE, Gori A, Aro-
sio M, Salvi M (2020) SARS-CoV-2-related atypical thyroiditis.
Lancet Diab Endocrinol 8(9):739-741. https://doi.org/10.1016/
$2213-8587(20)30266-7

Lania A, Sandri MT, Cellini M, Mirani M, Lavezzi E, Mazzi-
otti G (2020) Thyrotoxicosis in patients with COVID-19: the
THYRCOV study. Eur J Endocrinol 183(4):381-387. https://doi.
org/10.1530/EJE-20-0335

Chen M, Zhou W, Xu W (2020) Thyroid function analysis in 50
patients with COVID-19: a retrospective study. Thyroid. https://
doi.org/10.1089/thy.2020.0363

@ Springer

20.

21.

22.

23.

24.

25.

26.

Mebis L, Debaveye Y, Visser TJ, Van den Berghe G (2006)
Changes within the thyroid axis during the course of critical ill-
ness. Endocrinol Metab Clin North Am 35(4):807-821. https://
doi.org/10.1016/j.ec1.2006.09.009

Yang X, Yu Y, XuJ, Shu H, XiaJ, Liu H, Wu Y, Zhang L, Yu Z,
Fang M, Yu T, Wang Y, Pan S, Zou X, Yuan S, Shang Y (2020)
Clinical course and outcomes of critically ill patients with SARS-
CoV-2 pneumonia in Wuhan, China: a single-centered, retrospec-
tive, observational study. Lancet Respir Med 8(5):475-481. https
://doi.org/10.1016/S2213-2600(20)30079-5

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Man-
son JJ, Hlh Across Speciality Collaboration UK (2020) COVID-
19: consider cytokine storm syndromes and immunosuppression.
Lancet 395(10229):1033-1034. https://doi.org/10.1016/S0140
-6736(20)30628-0

Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M (2020)
The cytokine storm in COVID-19: an overview of the involve-
ment of the chemokine/chemokine-receptor system. Cytokine
Growth Factor Rev 53:25-32. https://doi.org/10.1016/j.cytog
1.2020.05.003

van der Poll T, Romijn JA, Wiersinga WM, Sauerwein HP (1990)
Tumor necrosis factor: a putative mediator of the sick euthyroid
syndrome in man. J Clin Endocrinol Metab 71(6):1567-1572.
https://doi.org/10.1210/jcem-71-6-1567

Stouthard JM, van der Poll T, Endert E, Bakker PJ, Veenhof CH,
Sauerwein HP, Romijn JA (1994) Effects of acute and chronic
interleukin-6 administration on thyroid hormone metabolism in
humans. J Clin Endocrinol Metab 79(5):1342—1346. https://doi.
org/10.1210/jcem.79.5.7962327

Michalaki M, Vagenakis AG, Makri M, Kalfarentzos F, Kyriazo-
poulou V (2001) Dissociation of the early decline in serum T(3)
concentration and serum IL-6 rise and TNFalpha in nonthyroidal
illness syndrome induced by abdominal surgery. J Clin Endocrinol
Metab 86(9):4198-4205. https://doi.org/10.1210/jcem.86.9.7795

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1159/000339789
https://doi.org/10.1159/000339789
https://doi.org/10.1210/jcem-63-1-1
https://doi.org/10.1210/jcem-63-1-1
https://doi.org/10.1177/0885066619890822
https://doi.org/10.1177/0885066619890822
https://doi.org/10.1378/chest.08-1816
https://doi.org/10.1378/chest.08-1816
https://doi.org/10.1016/j.metabol.2006.09.020
https://doi.org/10.1016/j.metabol.2006.09.020
https://doi.org/10.1210/clinem/dgaa537
https://doi.org/10.1210/clinem/dgaa537
https://doi.org/10.1016/s2213-8587(20)30266-7
https://doi.org/10.1016/s2213-8587(20)30266-7
https://doi.org/10.1530/EJE-20-0335
https://doi.org/10.1530/EJE-20-0335
https://doi.org/10.1089/thy.2020.0363
https://doi.org/10.1089/thy.2020.0363
https://doi.org/10.1016/j.ecl.2006.09.009
https://doi.org/10.1016/j.ecl.2006.09.009
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/j.cytogfr.2020.05.003
https://doi.org/10.1016/j.cytogfr.2020.05.003
https://doi.org/10.1210/jcem-71-6-1567
https://doi.org/10.1210/jcem.79.5.7962327
https://doi.org/10.1210/jcem.79.5.7962327
https://doi.org/10.1210/jcem.86.9.7795

	Thyroid hormone concentrations in severely or critically ill patients with COVID-19
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Data collection
	Laboratory test
	Diagnostic criteria for COVID-19
	Diagnostic criteria for comorbidity
	Statistical analysis

	Results
	Characteristics of patients
	Association between all-cause mortality risk and thyroid hormone
	Correlation between FT3, FT4, TSH and inflammatory factors

	Discussion
	Acknowledgements 
	References




