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Abstract: Background

Coronavirus disease 2019 (COVID-19) is sweeping the globe and may infect various
organs aside from the lungs. We explored the serum thyroid function of the patients
with COVID-19.

Methods

This retrospective cohort study involved 652 patients including 334 COVID-19 patients
and 318 age- and sex- matched controls without COVID-19. COVID-19 patients were
divided into three groups based on their condition: 142 moderate, 107 severe, and 85
critical. Patient data were collected through electronic records containing patients’
general information and the first test results of laboratory tests including thyroid
hormone (TH) and thyrotropin (TSH) levels after admission.

Findings

Relative to the control group, the COVID-19 group had lower serum levels of free
triiodothyronine (FT3) and TSH and higher levels of free thyroxine (FT4) (all  p  <0·05).
The overall prevalence of a thyroid hormone abnormality was 59.8% in the COVID-19
group and 11·0% in the control group (  p  =0·000),of which nonthyroidal illness
syndrome(NTIS)accounted for 48·7% and 4·1%, respectively, in the two groups (  p
=0·000). The FT3 level, TSH level, and FT3/FT4 ratio decreased and the percentage of
NTIS increased accompanied with increasing severity of COVID-19(all  p  <0·001). The
FT3/FT4 ratio was negatively correlated with COVID-19 death in the multivariate
logistic regression analysis. Furthermore, the area under the curve(AUC) for the
FT3/FT4 ratio was 0·716(  p  =0·000, 95%CI=0·633-0·799).

Interpretation

Serum thyroid dysfunction appear at the early stage of COVID-19 and are mainly
manifested as NTIS. The incidence of NTIS and a low FT3/FT4 ratio could be
predicators of poor prognosis of COVID-19. Early detection of TH levels may help
predict the prognosis of COVID-19 patients.
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Abstract 

Background Coronavirus disease 2019 (COVID-19) is sweeping the globe and may infect various 

organs aside from the lungs. We explored the serum thyroid function of the patients with COVID-19. 

Methods This retrospective cohort study involved 652 patients including 334 COVID-19 patients and 

318 age- and sex- matched controls without COVID-19. COVID-19 patients were divided into three 

groups based on their condition: 142 moderate, 107 severe, and 85 critical. Patient data were collected 

through electronic records containing patients’ general information and the first test results of 

laboratory tests including thyroid hormone (TH) and thyrotropin (TSH) levels after admission. 

Findings Relative to the control group, the COVID-19 group had lower serum levels of free 

triiodothyronine (FT3) and TSH and higher levels of free thyroxine (FT4) (all p<0·05). The overall 

prevalence of a thyroid hormone abnormality was 59.8% in the COVID-19 group and 11·0% in the 

control group (p=0·000)，of which nonthyroidal illness syndrome（NTIS）accounted for 48·7% and 

4·1%, respectively, in the two groups (p=0·000). The FT3 level, TSH level, and FT3/FT4 ratio 

decreased and the percentage of NTIS increased accompanied with increasing severity of COVID-

19(all p<0·001). The FT3/FT4 ratio was negatively correlated with COVID-19 death in the 

multivariate logistic regression analysis. Furthermore, the area under the curve(AUC) for the FT3/FT4 

ratio was 0·716（p =0·000, 95%CI=0·633-0·799). 

Interpretation Serum thyroid dysfunction appear at the early stage of COVID-19 and are mainly 

manifested as NTIS. The incidence of NTIS and a low FT3/FT4 ratio could be predicators of poor 

prognosis of COVID-19. Early detection of TH levels may help predict the prognosis of COVID-19 

patients. 

Funding Central Hospital of Wuhan (Hubei Province, China) 
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Introduction 

Since its emergence in December 2019, severe acute respiratory syndrome coronavirus 2(SARS-CoV-

2) has infected more than 15000000 people and has killed 640,016 people worldwide as of July 

26,2020.1 There is increasing evidence that SARS-CoV-2 does not only affect the respiratory system, 

but also affect the digestive system, cardiovascular system, and nervous system.2,3 SARS-CoV-2 uses 

the angiotensin-converting enzyme2 (ACE2) as the receptor to infect host cells.4 A recent study found 

that the ACE2 expression levels were the highest in the small intestine, kidneys, heart, thyroid, and 

adipose tissue, indicating that SARS-CoV-2 may also infect other organs aside from the lungs.5 Yao et 

al. autopsied various organs from patients who had died of SARS-CoV-2 and reported no abnormal 

thyroid follicular morphology, but did note lymphocytic infiltration in the stroma, and no SARS-CoV-2 

was detected in the thyroid by tissue immunohistochemistry and PCR analysis.6 To date, there have 

been few clinical studies on the relationship between COVID-19 and thyroid function. Thus, we 

analyzed the changes of TH in patients with COVID-19 to explore whether COVID-19 has an impact 

on the serum thyroid function from a clinical point of view. 

 

Methods 

Patients 

Patients with COVID-19 admitted to the Central Hospital of Wuhan (Hubei Province, China) from 

January 15, 2020, to March 15, 2020, were included in this retrospective analysis. Inpatients without 

COVID-19 from April 6, 2020, to June 30, 2020, were selected as a control group. Exclusion criteria 

were a history of thyroid disease or the absence of thyroid hormone level measurement after admission. 

This study was approved by the Ethics Commission of the Central Hospital of Wuhan under the criteria 

of emerging infection diseases and the requirement for informed consent was waived because of the 

retrospective nature of the study.  

Definitions  

The severity of COVID-19 was classified according to the diagnosis and treatment scheme for COVID-

19 of China (7th edition).7 Abnormal serum thyroid function was described as NTIS, hyperthyroidism, 

hypothyroid-dism, and others. Diagnosis of NTIS was established when free triiodothyronine (FT3) 

below the lower limit and/or free thyroxin (FT4) levels were high or below the lower limit or normal 

and thyrotropin (TSH) levels were within the normal or low limits mentioned. Patients with NTIS were 

classified into groups as follows: ①low serum level of FT3, normal FT4 level, and normal TSH level 

as isolated low FT3 group, ②high serum level of FT4, normal FT3 level, and normal TSH level as 

isolated FT4 group, ③low serum level of FT3, high FT4 level, and normal TSH level as low FT3 and 

high FT4 group, ④ low serum level of FT3, low TSH level, and normal FT4 level as low FT3 and 

low TSH group, ⑤ low serum level of FT4, low or normal FT3 level, and low or normal TSH level as 

low FT4 group. If the serum thyroid function showed as high FT3 level, normal or high TSH level, and 

normal, high or low FT4 level, we defined them as “Other” in our study. 

Data collection 

Patient data, including demographic characteristics, epidemiological, and laboratory data, treatment, 

and clinical outcomes, were extracted from the electronic medical record system and collected in the 

electronic medical forms. The laboratory data included TH levels, thyrotropin (TSH) levels, blood cell 

count, serum liver function, serum kidney function, C-reactive protein, and procalcitonin. 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3670913



Statistical Analysis  

The data were analyzed statistically using IBM SPSS Statistics version 26 software. Continuous and 

categorical variables are represented as the median (interquartile range [IQR]) and numbers (%), 

respectively, and compared between groups using the Mann-Whitney U test, Kruskal-Wallis H test, χ2 

test, or Fisher exact test. A two-sided α-value of less than 0.05 was considered statistically significant. 

Binary logistic regression analysis and receiver operating characteristic (ROC) curve were used to 

estimate the value of TH levels as predictors of the mortality in COVID-19 patients. 

Role of the funding source 

The funder of the study had no role in study design, data collection, data analysis, data interpretation, 

or writing of the report. The corresponding authors had full access to all the data in the study and had 

final responsi-bility for the decision to submit for publication. 

 

Results 

A total of 652 patients were enrolled in this study, including 334 cases of COVID-19 patients and 318 

cases of non-COVID-19 patients. The median age of all the patients was 57 years, and 383(58·7%) of 

them were female· There were no significantly differences in terms of age or sex composition between 

the two groups (p=0·09, p=0·58, respectively). The COVID-19 group had lower FT3 and TSH levels 

relative to the control group (4·18 Vs 5·25pmol/L, 1·62 Vs 2·00mIU/L, respectively, all p<0·0001), but 

a higher FT4 level (12·66 Vs 12·01pmol/L, p=0·000). In the COVID-19 group, 126(37·7%) patients 

showed a decreased FT3 level, 93(27·8%) patients showed an increased FT4 level, and 29(8·7%) 

patients showed a decreased TSH level, these rates are all significantly higher than those in the control 

group (all p<0·0001).  

200(59·8%) patients with COVID-19 developed abnormal serum thyroid function, of which 

161(48·2%) patients presented with NTIS, 14(4·2%) patients presented with hyperthyroidism, 

13(3·9%) patients presented with hypothyroidism. Another 12(3·6%) patients’ thyroid function showed 

as high FT3 combined with high FT4 or high TSH, these cases are identified as “Other” in the data 

table. NTIS was manifested as the following five types: isolated low FT3 (20·4%), isolated high FT4 

(10·5%), low FT3 combined with high FT4 (11·5%), low FT3 combined with low TSH (4·2%), and 

low FT4 alone or low FT4 combined with low FT3 (1·8%). The percentages of the first four types 

were significantly higher than those in the control group (all p<0·0001). The rate of low FT4 did not 

differ significantly between the two groups. The incidence of hyperthyroidism in the COVID-19 group 

was 4·19%, which was significantly higher than that in the control group (1·25%)（p=0·022）. No 

significantly difference was found in the incidence of hypothyroidism between the two groups. All 

comparisons between case group and control group are shown in Table 1. 

To further explore thyroid dysfunction in COVID-19, patients were divided into three groups according 

to the severity of COVID-19. We then compared the clinical characteristics, thyroid related hormone 

levels, thyroid dysfunction, and clinical outcomes among groups. We found that the median age, 

proportion of males, number of associated chronic diseases, and incidence of NTIS increased, and the 

FT3 level, TSH level, FT3/FT4 ratio decreased concomitantly with the severity of COVID-19(all p 

<0·05). The incidence of NTIS in the critical group was 70·6%, which was significantly higher than 

that in the moderate group (35·9%) and the severe group (46·7%) (p=0·000). Among the types of 

NTIS, the incidence of isolate low FT3 was the highest (42·2%), followed by low FT3 combined with 

high FT4 (23·6%). No significant differences were found in the incidence of hypothyroidism and 

hyperthyroidism among the three groups. NTIS was found in 71·0% of non-survivors and 45·8% of 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3670913



survivors (p=0·03). Relative to the survivors, non-survivors had the higher incidence of NTIS (71·3% 

Vs 45·8%,p=0·03), lower FT3 and FT4 levels(3·51pmol/L Vs 4·21pmol/L, p=0·000, 13.42pmol/L Vs 

12·62pmol/L, p=0·04, respectively),and lower FT3/FT4 ratio(0·249 Vs 0·337, p=0·000). The media 

age, the number of males, and the proportion of patients combined with chronic diseases were 

significantly higher in non-survivors than those in survivors. All comparisons among the groups of 

COVID-19 patients are shown in Table 2. 

To better understand the characteristics of patients with NTIS, we performed an analysis excluding 39 

patients with hyperthyroidism, hypothyroidism, and other thyroid hormone abnormalities. The 

remaining 295 patients were divided into a normal thyroid function group and NTIS group, and the 

NTIS group was further classified into five subgroups based on the criteria defined in the Methods. 

Compared with the normal thyroid function group, the NTIS group was older and had a higher rate of 

chronic diseases (allp<0·05). Subgroup①(isolated low FT3) had the oldest median age (p< 0·001). 

Subgroup③(lowFT3 combined with high FT4) had the highest proportion of critical patients and non-

survivors as well as the highest rate of chronic diseases at 76·3% (all p<0·05). This subgroup also had 

the lowest FT3 level, the FT3/FT4 ratio, lymphocyte count, and the albumin concentration (all 

p<0·001), but the highest FT4 level, neutrophil count, and c-reactive protein (CRP) level (all p< 

0·001). All comparisons among the NTIS groups were presented in Table 3. 

Taking non-survivors as the dependent variable, the significant indicators in non-survivors including 

the FT3 level, FT4 level, FT3 /FT4 ratio, age sex and combined with chronic disease were used as 

covariates in the univariate logistic regression analysis (Table 4). The results suggested that the FT3 

level and FT3/FT4 ratio were negatively associated with death (both p< 0·0001). After adjusting for 

age, sex, and combined chronic disease, the FT3/FT4 ratio was still negatively associated with the 

mortality in the remaining 295 patients (p=0·026).  

ROC curve analysis was performed to verify the diagnostic accuracy of the FT3/FT4 ratio for 

predicting prognosis in the normal thyroid function and NTIS groups (Fig 1). The area under the curve 

(AUC) for the FT3/FT4 ratio was 0·716 (95% CI=0·633–0·799, p = 0·000). The cut-off point for the 

FT3/FT4 ratio was 0·3544. At this level, the Youden index was 0·349, the sensitivity was 44·9%, and 

the specificity was 90·0%.  

 

Discussion 

In this study, we analyzed the first tests results of serum thyroid function in a large sample of COVID-

19 patients after hospital admission, and observed decreases in FT3 and TSH levels and an increase in 

FT4 level at the early stage of COVID-19. Thyroid dysfunction was mainly manifested as NTIS in our 

sample. Among patients with NTIS, low FT3 alone was the most common finding, the patients with a 

combination of low FT3 and high FT4 had the worst prognosis. A low FT3/FT4 ratio was 

independently associated with COVID-19 mortality in both normal thyroid function and NTIS patient 

groups. 

Limited studies have reported TH levels or thyroid function in COVID-19 patients. A study mainly 

aimed at deceased patients with COVID-19 showed that TSH and FT3 concentrations were 

significantly lower in deceased patients (0·7mIU/mL and 2·8pmol/L) than in recovered patients 

(1·4mIU/mL and 4·3pmol/L), the difference in the thyroxine (T4) levels was not statistically 

significant.8 In our study, patients who died of COVID-19 had significantly lower FT3 levels than 

recovered patients (3·51pmol/L vs 4·21pmol/L, p< 0·001), and significantly higher levels of FT4 

(13·42pmol/L vs 12·62pmol/L, p< 0·05), with no significant difference in TSH levels. Furthermore, we 
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found that TSH levels decreased concomitantly with the severity of COVID-19. This may be due to the 

high number of patients with moderate or severe disease and lower number of deceased patients in our 

study. In other words, our study showed that changes in thyroid hormone levels are not limited to 

critically patients or deceased patients, but also occur in moderate or severe cases, and the magnitude 

of the changes was related to the severity of COVID-19. With the decrease of FT3, no corresponding 

increase in TSH response was observed in our study. On the contrary, TSH decreased more frequently, 

suggesting that hypothalamic-pituitary axis secretion was down-regulated. This typical changes in 

serum thyroid hormone levels following any acute or chronic diseases that are not caused by an 

intrinsic thyroid dysfunction were described as NTIS. Previous studies have reported a high prevalence 

of NTIS in many other acute and chronic diseases, especially in critical diseases. Liu et al. reported that 

the incidence of NTIS in patients with community-acquired pneumonia was 31·8% overall, and 71·9% 

in non-survivors.9 Zehra described a 43·3% incidence of NTIS in 120 lung cancer patients.10 In a study 

by Katharina et al., the incidence of NTIS in ICU patients was 44·1%，of which 2·7% had manifested 

hypothyroidism, and 0·5% had hyperthyroidism.11 Our study found that the incidence of NTIS in 

COVID-19 patients was 48·2% overall, 70·5% in critical patients, and 71·0% in non-survivors. The 

incidence rate in critical patients is consistent with the above studies, however the overall incidence is 

higher than in general diseases, suggesting that SARS-CoV2 itself is likely to cause thyroid 

dysfunction. The studies described above all reported that NTIS was associated with disease severity 

and poor prognosis, a pattern that was also confirmed in our study.  

Recently, another study which included 50 COVID-19 patients, 50 non-COVID-19 pneumonia patients 

with a similar degree of severity and 54 healthy controls confirmed our conclusion.12 The study noted 

that the serum levels of TSH and total triiodothyronine (TT3) of the patients with COVID-19 were 

significantly lower than those of the healthy control group and non-COVID-19 pneumonia patients, 

and the degree of the decreases in TSH and TT3 levels was positively correlated with the severity of 

the disease. This research is consistent with our conclusions regarding changes in FT3 and TSH levels, 

they didn't note a significant change in FT4 level, but we did. This may be due to our larger sample 

size, or the earlier detection of thyroid function in our study. Current research on the mechanism of 

NTIS mainly suggests that the occurrence of NTIS can be explained by changes in TH binding, 

peripheral TH uptake and the expression and activity of the type-1 deiodinases (D1) and type-3 

deiodinases (D3) during acute illness.13 In contrast to the acute illness, during prolonged critical illness, 

NTIS is found to result from the low expression of the thyrotropin-releasing hormone (TRH) gene in 

the paraventricular nucleus, which impairs the hypothalamic stimulation of the thyrotropes.14 As a 

result, serum T3 levels were reduced, but TSH does not increase in NTIS patients. In contrast, 

circulating concentrations of the inactive hormone rT3 increase, and T4 levels have been shown to 

transiently rise during the acute phase of illness and eventually remain low-normal.15 Low FT3 is the 

most common type of NTIS according to the literature, and this was confirmed in our data. It has been 

reported that TSH levels were normal or just below normal in 80% of NTIS patients but decreased in 

10% of patients.16,17 We noted low TSH levels in 14(8·7%) NTIS patients, which is similar to the 

previous findings. All the above studies did not note the significant changes in FT4 level. In our study, 

the increase in FT4 level was present, which may due to the serum thyroid function were detected 

within 24 hours of hospital admission which were at the early stage of the disease. We found that 

patients with low FT3 and high FT4 had the worst prognosis, and that a low FT3/FT4 ratio rather than 

other thyroid related hormone levels may be a better predictive marker (cut-off point: 0·3544) for the 

mortality in the normal thyroid function and NTIS groups for COVID-19 patients. Previous studies 
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have demonstrated that the FT3/FT4 ratio can reflect deiodinase activity,18 and can thus represent the 

conversion of T4 to T3.19 We hypothesized that the T4 to T3 conversion disorder in COVID-19 

patients is the main reason for the observed early thyroid dysfunction, and that the magnitude of FT3 

and FT4 changes reflects a worse overall condition, indicating a worse prognosis for the patients.  

Nutritional insufficiencies and fasting are knowed to play an important role in the development of 

NTIS. Tellini et al. reported the correlations between NTIS, albumin level, and the degree of weight 

loss in oncology patients.20 Seyhan et al. showed significant correlations between NTIS and nutritional 

parameters including BMI and serum albumin consen-tration.21 In this study, we also observed 

significantly lower levels of albumin and hemoglobin in COVID-19 patients with NTIS. Due to the 

loss of appetite and energy expenditure after infection, feeding disorders and nutritional insufficiencies 

may develop in COVID-19 patients，leading to decreased steady state T3 levels and down-regulated 

secretion of the hypothalamic-pituitary-thyroid axis.22  

Inflammation is considered to be part of the pathogenesis of NTIS. Several inflammatory cytokines, 

such as IL-1, IL-6, and TNF-α, are frequently associated with reduced D1 activity.23 In our study, IL-

6 levels were measured in 158 patients, and found to be significantly increased in COVID-19 patients 

with NTIS (median 8·60 vs 2·92, P <0·001). However, due to a lack of data, this result was not 

included in the table to avoid bias. We also found that neutrophil count, CRP level, and procalcitonin 

concentrations were significantly higher in COVID-19 patients with NTIS.  

Additionally, we found a lower lymphocyte count in the NTIS group· It has been hypothesized that the 

immune system cells can affect the systemic TH activity. Various immune system cells (peritoneal 

lymphocytes, monocytes, granulocytes, mast, thymocytes) can produce biologically active TSH and 

have been found to express T3.24 

Previous research has shown that aging is accompanied by a decline in the deiodinase activity in aging 

rats.25 In line with this finding, the median age was significantly higher in the NTIS group in our study· 

Several limitations of this study should be considered. Firstly, this is a retrospective study, so there are 

potential confounders and selection biases that could not be completely adjusted for· Secondly, our 

study did not include total T3 (TT3), total T4 (TT4) levels, and IL-6 level due to incomplete data. 

Considering that only FT3 and FT4 can enter target cells and play a role, these measures may better 

reflect the state of thyroid function. Finally, thyroid hormones were not monitored through-out the 

course of the COVID-19, so any changes in serum TH levels during the course of the disease were not 

assessed. Further studies should focus on the changes in thyroid function in convalescent and long-term 

COVID-19 patients to determine if there is central hypothyroidism. 

In conclusion, COVID-19 may affect the deiodinases activity or down-regulate the secretion of the 

hypothalamic-pituitary-thyroid axis through various factors, leading to thyroid dysfunction at the early 

stage of the disease, which may be an early indicator of poor prognosis of COVID-19. We need to 

concern thyroid function during the treatment and recovery of COVID-19. 
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24 Csaba G, Pállinger E. Thyrotropic hormone (TSH) regulation of triiodothyronine (T(3)) 

concentration in immune cells. Inflamm Res 2009; 58: 151–4. 

25 Silvestri E, Lombardi A, de Lange P, et al. Age-related changes in renal and hepatic cellular 

mechanisms associated with variations in rat serum thyroid hormone levels. Am J Physiol 

Endocrinol Metab 2008; 294：E1160-8. 

 

 

 

 

 

 

 

 

 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3670913



 

 All patients 

(n=652) 

COVID-19 group 

(n=334) 

Control group 

(n=318) 
p value 

Characteristics 

Age, years 57(17-99) 55(17-99) 58(17-84) 0·09 

Sex 

 Female 383(58·7%) 200(59·8%) 183(57·5%) 
0·58 

 Male 269(41·2%) 134(40·2%) 135(42·5%) 

Serum levels of Thyroid related hormone 

 
Free triiodothyronine (FT3) 

（3·8-6·0）,pmol/L 

4·81 

(1·00-7·45) 

4·18 

(1·00-7·23) 

5·25 

(3·14-7·45) 
0·000 

 
Free thyroxine (FT4) 

(7·86-14·41）,pmol/L 

12·24 

(7·28-22·82) 

12·66 

(7·28-22·82) 

12·01 

(7·30-20·81) 
0·000 

 
Thyrotropin（TSH） 

(0·34-5·6)，mIU/L 

1·842 

(0·0005-14·37) 

1·62 

(0·0005-14·37) 

2·00 

(0·001-12·46) 
0·000 

 FT3/FT4 ratio 
0·406 

(0·0825-0·702) 

0·330 

(0·082-0·649) 

0·445 

(0·207-0·702) 
0·000 

Thyroid related hormone abnormalities 

 Decreased FT3(<3·8) 132(20·2%) 126(37·7%) 6(1·9%) 0·000 

 Increased FT3(>6·0) 23(3·5%) 13(3·9%) 10(3·1%) 0·61 

 Decreased FT4(<7·86) 8(1·2%) 5(1·5%) 3(0·9%) 0·78 

 Increased FT4(>14·41) 105(16·1%) 93(27·8%) 12(3·8%) 0·000 

 Decreased TSH (<0·34) 33(5·1%) 29(8·7%) 4(1·3%) 0·000 

 Increased TSH (>5·6) 22(3·4%) 16(4·8%) 6(1·9%) 0·06 

Thyroid dysfunction 

 NTIS 174(26·7%) 161(48·2%) 13 (4·1%) 0·000 

 ①Isolated low FT3 73(11·2%) 68(20·4%) 5(1·6%) 0·000 

  ②Isolated high FT4 40(6·1%) 35(10·5%) 5 (1·6%) 0·000 

 ③Low FT3 and high FT4 38(5·8%) 38(11·4%) 0 (0·0%) 0·000 

 ④Low FT3 and low TSH 14(21·5%) 14(4·2%) 0(0·0%) 0·000 

 ⑤Low FT4 9(2·0%) 6(1·8%) 3(0·9%) 0·11 

 Hyperthyroidism 18((2·8%) 14(4·2%) 4(1·3%) 0·022 

 Hypothyroidism 19(2·9%) 13(3·9%) 6 (1·9%) 0·12 

 Other  17((3·8) 12(3·6%) 6(1·9%) 0·18 

 Total 235(36·0%) 200(59·8%) 35(11·0%) 0·000 

Data are median (IQR), n (%), p values comparing COVID-19 patients and control patients are from 2test, Fisher’s exact test 

(continuous variables) or Mann-Whitney U test (categorical variables)· COVID-19=coronavirus disease 2019· NTIS=nonthyroidal 

illness syndrome· Other=high FT3 alone or high FT3 combined with high FT4 or high TSH· 

Table 1· Comparison of characteristics between the COVID-19 group and control group 

 

 

 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3670913



 Patients with COVID-19 

Total Moderate Severe Critical  Survivors Non-survivors  

 (n=334) (n=142) (n=107) (n=85) p value (n = 303) (n = 31) p value 

Age, years 55(17-99) 47·0(17-93) 56·0(24-89) 67·0(26-99) 0·000 52·0(17-93) 78·0(50-99) 0·000 

Distribution 

 <40  100(29·9%) 57(40·1%) 33(30·8%) 10(11·8%) 0·01 100(33·0%) 0(0·0%) 0·000 

 40-60 103(30·8%) 54(38·0%) 32(29·9%) 17(20·0%) 98(32·3%) 5(16·1%) 

 >60  131(39·2%) 31 (21·8% 42(39·3%) 58(68·2%) 105(34·7%) 26(83·9%) 

Sex 

 Female 200(59·8%) 103(72·5%) 62(57·9%) 35(41·2%) 0·02 189 (62·4) 11(35·5%) 0·004 

 Male 134(40·2%) 39 (27·5%) 45(42·1%) 50(58·5%) 114 (37·6) 20(64·5%) 

Chronic disease 

 Any 183(54·8%) 57(40·1%) 56(52·3%) 70(82·4%) 0·000 154(50·8%) 29(93·5%) 0·000 

 Cerebrovascular disease 38(11·3%) 7(4·9%) 6(5·6%) 25(29·4%) 0·000 19(50·0%) 19 (50·0%) 0·000 

 Coronary heart disease 42(12·6%) 6(4·2%) 8(7·5%) 28(32·9%) 0·000 28(66·6%) 14 (33·4%) 0·000 

 Diabetes 72(21·6%) 19(13·4%) 18(16·8%) 35(41·2%) 0·000 59(81·9%) 13 (18·1%) 0·004 

 Hypertension 119(35·6%) 34(23·9%) 33(30·8%) 52(61·2%） 0·000 97(81·5%) 22(1·5%) 0·000 

 Digestive disorder 78(23·2%) 16(21·5%) 26(23·7%) 36(19·6%) 0·000 63(80·8%) 15 (19·2%) 0·001 

 Respiratory disease 14(4·2%) 0(0·0%) 4(3·74%) 10(11·8%) 0·000 8(57·1%) 6(42·9%) 0·001 

 Solid tumor 12(3·6%) 1(0·7%) 3(2·80%) 8(44·7%) 0·004 7 (2·1%) 5(6·5%) 0·002 

 Chronic renal disease 27(8·1%) 3(2·1%) 4(3·74%) 20(23·5%) 0·000 15(55·5%) 12(44·5%) 0·000 

Serum levels of Thyroid related hormone 

 FT3 

(3·8-6）,pmol/L 

4·175 

(1·00-7·23) 

4·40 

(2·57-6·43) 

4·33 

(1·03-7·23) 

3·54 

(1·00-6·27) 

0·000 4·21 

(1·00-7·23) 

3·51 

(1·81-6·27) 

0·000 

 FT4   

(7·86-14·41）,pmol/L 

12·66 

(7·28-22·82) 

12·13 

(7·69-20·42) 

12·85 

(7·56-22·82) 

13·11 

(7·28-19·62) 

0·23 12·62 

(7·28-22·82) 

13·42 

(10·12-19·61) 

0·04 

 TSH 

(0·345·6)，mIU/L 

1·62 

(·0005-14·37) 

1·976 

(0·03-14·37) 

1·302 

(0·064-6·83) 

1·125 

(·0005-10·03) 

0·000 1·629 

(·0005-14·37) 

1·44 

(0·074-3·0087 

0·20 

 FT3/FT4 ratio 0·329 

(0·082-0·649) 

0·376 

(0·26-0·649) 

0·337 

(0·96-0·605) 

0·275 

(0·082-0·561) 

0·000 0·337 

(0·082-0·649) 

0·249 

(0·108-0·531) 

0·000 

Thyroid function 

 Normal 134(40·1%) 72(50·7%) 44(41·1%) 18(21·2%) 0·000 126(41·65) 8(25·8%) 0·09 

 NTIS 161(48·2%) 51(35·9%) 50(46·7%) 60(70·5%) 0·000 139(45·8%) 22(71·0%) 0·03 

 ①Isolated low FT3 68(20·4%) 18(12·7%) 23(21·5%) 27(31·8%) 0·009 56(18·5%) 8(12·5%) 0·32 

 ②Isolated high FT4 35(10·5%) 17(11·9%) 13(12·1%) 5(5·9%) 0·24 32(10·6%) 3(8·6%) 0·88 

 ③Low FT3 and high FT4 38(11·4%) 11(7·8%) 9(8·4%) 18(21·2%) 0·008 31(10·2%) 7(18·4%) 0·04 

 ④Low FT3 and low TSH 14(4·2%) 3(2·1%) 3(2·8%) 8(9·4%) 0·03 11(3·6%) 3(21·4%) 0·26 

 ⑤Low FT4 6(3·0%) 2(1·4%) 2(1·9%) 2(2·4%) 0·32 9(3·0%) 1(10·0%) 0·94 

 Hyperthyroidism 14(4·2%) 6(4·2%) 4(3·7%) 4(4·7%) 0·95 14(100·0%) 0(0·0%) 0·45 

 Hypothyroidism 13(3·9%) 7(4·9%) 4(3·7%) 2(2·3%) 0·60 13(4·6%) 0(0·0%) 0·50 

 Other 12(3·6%) 6(4·2%) 5(4·7%) 1(1·2%) 0·30 11(3·6%) 1(3·2%) 0·91 

Data are median (IQR), n (%), p values comparing survivors and non-survivors are from 2test, Fisher’s exact test (continuous variables) or Mann-

Whitney U test (categorical variables), p values comparing moderate, severe, and critical are from Fisher’s exact test (continuous variables) or Kruskal-

Wallis H test (categorical variables). 

Table 2. Baseline characteristics of Patients With COVID-19 
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 COVID-19 patients with NTIS and normal serum thyroid function 

 Normal group 

(n=134) 

NTIS group 

(n=161) 

Subgroup① 

(n=68) 

Subgroup② 

(n=35) 

Subgroup ③ 

(n=38) 

Subgroup ④ 

(n=14) 

Subgroup⑤ 

(n=6) 

Age, years 50·5(17-89) 59*(21-99) 63·5**(21-93) 51(24-99) 61·5**(31-89) 57·5(30-79) 30(26-57) 

Sex 

 Female 85(63·4%) 94(59·8%) 41(60·3%) 18(51·4%) 24(63·2%) 7(50·0%) 2(33·3%) 

 Male 49(36·6%) 67(40·2%) 27(39·7%) 17(48·6%) 14(36·8%) 7(50·0%) 4(66·7%) 

Chronic disease 

 Any 57(42·5%) 110(68·3%) ** 50(73·5%) ** 17(48·6%) 29(76·3%) ** 11(78·6%) * 4(66·7%) 

 Cerebrovascular disease 10(7·5%) 27(16·8%) * 13(19·1%) * 4(11·4%) 7(18·4%) 3(21·4%) 0(0·0%) 

 Coronary heart disease 13(9·7%) 27(16·8%) 13(19·1%) 5(14·3%) 6(15·8%) 3(21·4%) 0(0·0%) 

 Diabetes 16(11·9%) 47(29·2%) * 22(32·4%) ** 7(20·0%) 13(34·2%) * 5(35·7%) * 1(16·7%) 

 Hypertension 35(26·1%) 74(46·0%) * 33(48·5%) * 10(28·6%) 21(55·3%) * 8(57·1%) * 3(50·0%) 

 Digestive disorder 25(18·7%) 49(30·4%) * 22(32·4%) * 4(11·4%) 16(42·1%) * 4(28·6%) 1(16·7%) 

 Respiratory disease 3(2·2%) 8(5·0%) 3(4·4%) 2(5·7%) 2(5·3%) 1(7·1%) 0(0·0%) 

 Solid tumor 3(2·2%) 8(5·0%) 6(8·8%) 0(0·0%) 2(5·3%) 0(0·0%) 0(0·0%) 

 Chronic renal disease 7(5·2%) 18(11·2%) 10(14·7%) * 0(0·0%) 7(18·4%) * 0(0·0%) 1(16·7%) 

Number of patients 

 Moderate 72(53·7%) 51(31·7%) ** 18(26·5%) 17(48·6%) 11(28·9%) 3(21·4%) 2(33·3%) 

 Severe 44(32·8%) 50(31·1%) 23(33·8%) 13(37·1%) 9(23·7%) 3(21·4%) 2(33·3%) 

 Critical 18(13·4%) 60(37·2%) ** 27(39·7%) ** 5(14·3%) 18(47·4%) ** 8(57·1%) * 2(33·3%) 

 Survivor 126(94·0%) 139(86·3%) 59(86·8%) 32(91·4%) 31(81·6%) 11(78·6%) 6(100·0%) 

 Non-survivor 8(6·0%) 22(13·7%) * 9(13·2%) 3(8·6%) 7(18·4%) * 3(21·4%) 0(0·0%) 

Laboratory data, median (IQR) 

 FT3 (3·8-6), pmol/L 4·745 

(3·66-6·00) 

3·53** 

(1·00-5·96) 

3·405** 

(1·00-3·79) 

4·51 

(3·09-5·96) 

3·245** 

(1·81-4·67) 

3·33** 

(1·54-3·76) 

3·95* 

(3·15-4·57) 

 FT4 (7·86-14·41), pmol/L 11·82 

(8·0-14·36) 

14·42** 

(7·28-22·82) 

11·61 

(8·01-15·6) 

15·43** 

(14·45-22·82) 

16·105** 

(14·42-22·08) 

14·125* 

(8·28-17·59) 

7·695** 

(7·28-7·86) 

 TSH (0·34-5·6), mIU/L 1·849 

(0·43-4·88) 

1·20** 

(·0005-5·07) 

1·345** 

(0·394-4·26) 

1·785 

(0·39-5·07) 

1·119** 

(0·34-3·27) 

1·149** 

(·0005-0·29) 

0·953* 

(0·18-2·61) 

 FT3/FT4 ratio 0·406 

(0·27-0·77) 

0·254** 

(0·08-0·65) 

0·271** 

(0·08-0·45) 

0·287** 

(0·08-0·45) 

0·197** 

(0·10-0·29) 

0·226** 

(0·17-0·39) 

0·527* 

(0·40-0·60) 

 Leukocytes 

(3·5-9·5),109/L 

5·32 

(1·11-21·23) 

5·82 

(1·1-22·1) 

5·88 

(1·10-20·48) 

5·44 

(1·88-13·28) 

6·16 

(1·67-13·84) 

5·675 

(2·24-17·04) 

9·355* 

(4·9-22·1) 

 Neutrophils 

(1·8-6·3),109/L 

3·24 

(0·66-19·29) 

3·98** 

(0·81-18·65) 

4·305* 

(0·81-16·93) 

3·34 

(1·21-11·33) 

4·385** 

(1·11-13·02) 

4·065 

(1·23-16·25) 

7·59* 

(3·51-18·65) 

 Lymphocytes 

(1·1-3·2),10^9/L 

1·43 

(0·24-3·35) 

0·93** 

(0·16-3·94) 

0·85** 

(0·16-3·02) 

1·36 

(0·47-3·94) 

0·85** 

(0·21-2·59) 

0·90* 

(0·18-2·03) 

1·075 

(0·37-2·35) 

 Platelet 

(125-350),109/L 

198 

(64-570) 

161* 

(40-614) 

178·5* 

(70-614) 

202 

(109-540) 

172** 

(57-303) 

217 

(40-299) 

195·5 

(157-388) 

 Hemoglobin 

(130-175) g/L 

130 

(71-181) 

126* 

(15-171) 

123* 

(15-171) 

131 

(101-163) 

126·5 

(74-162) 

121 

(76-155) 

126 

(115-162) 

 Albumin 

(4·0-5·5), g/dL 

41·5 

(24·4-50·8) 

37·7** 

(14·0-51·2) 

36·65** 

(14·0-48·5) 

40·5 

(28·7-48·1) 

36·5** 

(16·7-50·2) 

38·5* 

(26·5-47·2) 

38·9 

(33·3-43·8) 

 C-reactive protein  

(0-0·5), mg/dL 

0·23 

(0·01-15·11) 

2·82** 

(0·03-24·25) 

3·53** 

(0·03-20·03) 

0·62 

(0·03-12·23) 

5·29** 

(0·17-24·25) 

1·325** 

(0·41-10·36) 

2·50* 

(0·07-25·03) 

 Procalcitonin 

(<0·04), ng/mL 

0·04 

(0·02-2·7) 

0·08** 

(0·02-46·83) 

0·08** 

(0·02-10·27) 

0·055* 

(0·02-46·83) 

0·10** 

(0·02-46·83) 

0·16** 

(0·03-0·83) 

0·075* 

(0·04-0·23) 

Data are median (IQR), n (%), p values comparing subgroup and normal thyroid function group are from 2test, Fisher’s exact test (continuous variables) or Mann-Whitney 

U test (categorical variables). *=p-value < 0·05 compared with the normal thyroid function group，**=p-value < 0·001 compared with the normal thyroid function group. 

Normal group=normal thyroid function group. Subgroup①= isolated low FT3 subgroup. Subgroup②= isolated high FT4 subgroup. Subgroup ③=low FT3 combined with 

high FT4 subgroup. Subgroup④=low FT3 combined with low TSH subgroup. Subgroup⑤=low FT4 or low FT4 combined with low FT3 or low TSH.  

Table 3. Comparisons of characteristics among the five NTIS subgroups and the normal thyroid function group 
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Variables 

Univariate  Multivariate 

OR 95%CI p-value  OR 95%CI p-value 

Age 1·097 1·062-1·134 0·000  1·089 1·048-1·130 0·000 

Sex 2·992 1·367-6·549 0·006  3·762 1·451-9·756 0·010 

Combined with 

Chronic disease 
0·080 0·019-0·343 0·001  0·246 0·051-1·180 0·080 

FT3 0·480 0·318-0·723 0·000  0·666 0·415-1·070 0·093 

FT3/FT4 0·000 0·000-0·019 0·000  0·002 0·000-0·048 0·026 

FT4 1·130 0·996-1·283 0·058  / / / 

Taking non-survivors as the dependent variable, the FT3 level, FT4 level, FT3 /FT4 ratio, age, sex, and combined with chronic disease were used as covariates in 

the univariate binary logistic regression analysis. Then, significant indicators in univariate logistic regression (FT3, FT3/FT4 ratio, age, sex, and combined 

chronic diseases) were included in multivariate logistic regression analysis 

Table 4. Logistic regression analysis of the mortality in patients with COVID-19 
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Fig 1· ROC curve of FT3/FT4 ratio for predicting the prognosis of COVID-19 patients.  

The AUC for the FT3/FT4 ratio was 0.716 (95% CI=0·633–0·799, p = 0·000) 
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