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Objective

To investigate the relationship of low T3 syndrome with disease severity in patients with COVID-19.





Methods

The clinical data of 145 patients with COVID-19 were retrospectively collected, and patients were divided into a low T3 group and a normal T3 group. Logistic regression models were used to assess predictive performance of FT3. Receiver operating characteristic (ROC) analysis was used to evaluate the use of low T3 syndrome in predicting critical disease. Kaplan-Meier analysis was used to analyze the impact of low T3 syndrome on mortality.





Results

The prevalence of low T3 level among COVID-19 patients was 34.48%. The low T3 group was older, and had lower levels of hemoglobin, lymphocytes, prealbumin, and albumin, but higher levels of white blood cells, neutrophils, CRP, ESR, and D-dimer (all p<0.05). The low T3 group had greater prevalences of critical disease and mortality (all p <0.05). Multivariate logistic regression analysis showed that the Lymphocytes, free T3 (FT3), and D-dimer were independent risk factors for disease severity in patients with COVID-19. ROC analysis showed that FT3, lymphocyte count, and D-dimer, and all three parameters together provided reliable predictions of critical disease. Kaplan-Meier analysis showed the low T3 group had increased mortality (p<0.001). Six patients in the low T3 group and one patient in the normal T3 group died. All 42 patients whose T3 levels were measured after recovery had normal levels after discharge.





Conclusion

Patients with COVID-19 may have transient low T3 syndrome at admission, and this may be useful for predicting critical illness.
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1 Introduction

Many studies have demonstrated that COVID-19 is associated with functional abnormalities of the thyroid (1–3), including low T3 syndrome, subclinical hypothyroidism, and subacute thyroiditis (4, 5). The most common of these is low T3 syndrome (6), and this condition had a prevalence of 64% in one population of COVID-19 patients (7). Low T3 syndrome, also referred to as non-thyroidal illness syndrome (NTIS), is a metabolic disorder of thyroid gland caused by a non-thyroidal illness that can occur upon exposure to a variety of stressful conditions that manifest as a decreased level of T3, but normal levels of T4 and TSH. Previous studies showed that a low free T3 (FT3) level was a reliable prognostic indicator for patients with a variety of diseases. In particular, a low FT3 level is a reliable predictor for death in ICU patients (8, 9).

In November 2021, researchers first discovered the Omicron variant of SARS-CoV-2 in Botswana (10). This strain is highly transmissible (11), and 3 weeks after its discovery it replaced Delta as the predominant SARS-CoV-2 variant (12). Although Omicron is generally associated with reduced disease severity and mortality (13), it is also associated with a higher incidence of critical illness and poor prognosis in unvaccinated older adults (14). Therefore, early prediction of critical illness is particularly important. The COVID-19 diagnostic and treatment guidelines clearly indicate that Lymphopenia is an early warning indicator for severe COVID-19 (15). Many studies have shown that elevated D-dimer is associated with severe COVID-19 (16). The value of low T3 syndrome in predicting the prognosis of COVID-19 patients remains unclear. Therefore, we retrospectively examined the predictive value of low T3 syndrome in patients who were critically ill with COVID-19.




2 Patients and methods



2.1 Patients

The clinical data of 145 patients diagnosed with COVID-19 from January to March 2020 in Xiaogan Central Hospital (Hubei Province) were retrospectively analyzed and divided into a low T3 group (FT3 < 3.1 pmol/L, n = 50) and a normal T3 group (FT3 ≥ 3.1 pmol/L, n = 95) (Figure 1). All clinical parameters were recorded within 24 h after admission. Disease severity was classified according to clinical symptoms and chest imaging results as: mild (mild symptoms, with no imaging features of pneumonia), ordinary (symptoms of fever and cough, with imaging features of pneumonia), severe (dyspnea with respiratory rate of 30/min or more, blood oxygen saturation of 93% or less, partial pressure ratio of arterial oxygen to inspired oxygen [PaO2/FiO2] below 300 mmHg, and/or pulmonary infiltration greater than 50% within 24 to 48 h after admission) or critically ill (respiratory failure, infectious shock, and/or multi-organ dysfunction or failure). All patients signed informed consent documents. The study protocol was approved by the Ethics Committee of the Xiaogan Central Hospital and followed the ethical principles of the Declaration of Helsinki, as amended in 2013.




Figure 1 | Disposition of patients who were admitted for COVID-19 and received thyroid hormone testing.



The inclusion criteria were receipt of thyroid function testing within 24 h after admission; age of 18 years or more; and presence of the clinical diagnostic criteria for COVID-19 based on the National Health Board COVID-19 Guidelines (version 8). The exclusion criteria were previous primary thyroid disease or another endocrine disease; recent use of medications that could affect thyroid hormone secretion and/or metabolism (including amiodarone, interferon, and glucocorticoids); exposure to iodine-containing contrast media prior to thyroid testing; and presence of a chronic disease, such as hepatic insufficiency, renal insufficiency, or heart failure; high level (≥10.0 µIU/mL) or low level (<0.1 µIU/mL) of thyroid-stimulating hormone (TSH).




2.2 Data collection

Demographic and clinical data of patients were extracted from the hospital records system. All data regarding clinical manifestations, disease severity, laboratory results, imaging results, and clinical outcomes were recorded. Blood samples were collected within 24 h after admission. The Roche Cobas e602 electrochemiluminescence analyzer (Roche, Germany) was used to determine the levels of FT3, FT4, and TSH. RT-PCR was used to confirm SAS-CoV-2 infection from a throat swab.

During the collection of lung CT imaging data (soon after admission), two experienced physicians read the films and performed quantitative analysis of the distribution, size, and number of lesions. All 50 patients in the low T3 group were followed up; 6 of them died and 44 survived, 42 of whom returned to the outpatient clinic for rechecking of thyroid function at 1 month after discharge. One of the 95 patients in the normal T3 group died.




2.3 Statistical analysis

Data were analyzed using SPSS version 22.0. A difference was considered statistically significant when the P value was below 0.05. Non-normally distributed data were expressed as medians and interquartile ranges (IQRs), and the significance of differences was determined using the Mann-Whitney U test. Categorical data were expressed as numbers and percentages, and the significance of differences was determined using the Chi-squared test or Fisher’s exact test.

To assess predictive performance of FT3 in this small sample size, we firstly performed univariable logistic regressions to select potential laboratory factors associated with COVID-19 severity. Statistically significant factors were further included into multivariable logistic regression. Area under Receiver operating characteristic curve (AUC) and 95% confidence interval (CI) were reported for each selected factor and final model.

To further explore prognostic effect of FT3, Kaplan-Meier survival curves were used to determine the relationship of low FT3 with different endpoints, and survival times and 95% confidence intervals (CIs) were reported.





3 Results



3.1 Clinical characteristics of patients with low T3 and normal T3

We retrospectively examined the records of 145 patients who had COVID-19 and received thyroid hormone testing (Table 1). Overall, 34.50% of the patients had low T3, 52.40% were female, and the median age was 50 years (IQR 39, 60). Comparison of the two groups indicated the low T3 group was older (median age: 57 years (48, 67) vs 45 years (35, 54), p < 0.001) and low SpO2 (28.00% vs 6.30%, p < 0.001).


Table 1 | Clinical characteristics and outcomes of all patients, the low T3 group, and the normal T3 group.



The two groups also had differences in many laboratory findings. In particular, the low T3 group had significantly lower levels of FT3, TSH, lymphocytes, hemoglobin, pre-albumin, total plasma protein, and albumin, and significantly higher levels of white blood cells, neutrophils, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and D-dimer (all P < 0.05). Thus, the low T3 group had higher levels of inflammatory indicators and lower levels of nutritional parameters.

Analysis of disease severity showed that the low T3 group had a smaller proportion of patients with ordinary disease (58% vs 80%, p < 0.05), but greater proportions of patients with severe disease (26.00% vs 13.68%, p < 0.05) and critical disease (16.00% s 5.26%, p < 0.05). The low T3 group also had a lower rate of discharge (88.00% vs 98.95%, p < 0.05), and a greater rate of death (12.00% vs 1.05%, p < 0.05).




3.2 Univariate and multivariate logistic regression analysis on disease severity

Univariate logistic regression analysis showed that FT3, White blood cells, Neutrophils, Lymphocytes, Pre-albumin, Albumin, CRP, ESR, D-dimer were associated with disease severity. Multivariate logistic regression analysis showed that the Lymphocytes 0.87(95% CI: 0.82–0.93, P<0.001), FT3 0.80(95% CI: 0.51–0.93, P=0.043), and D-dimer 5.78(95% CI: 1.48–22.54, P=0.011) were independent risk factors for disease severity in patients with COVID-19. (Table 2).


Table 2 | Univariate and multivariate logistic regression analysis on disease severity.






3.3 Predictive value of lymphocytes, D-dimer, and FT3 with disease severity

Analysis of all 145 patients showed that as disease severity increased, the levels of FT3 and lymphocytes decreased, and the level of D-dimer increased (all P < 0.05; Table 3). Pairwise comparisons indicated the serum FT3 level was significantly lower in patients with severe disease and critical disease than in those with ordinary disease (both p < 0.05), but the FT3 level was not significantly different in patients with severe disease and critical illness (Figure 2).


Table 3 | Levels of FT3, lymphocytes, and D-dimer in COVID-19 patients with different disease severity.






Figure 2 | FT3 levels in patients with different severity of COVID-19. *P < 0.05, **P < 0.001.



We used ROC analysis to determine the predictive performance of FT3 level, lymphocyte count, and D-dimer level on critical illness (Table 4, Figure 3). The area under the curve (AUC) was 0.724 (95% CI: 0.622–0.825, P < 0.001) for FT3, 0.698 (95% CI: 0.591–0.804, P < 0.001) for lymphocytes, and 0.783 (95% CI: 0.684–0.881, P < 0.001) for D-dimer. Thus, a lower FT3 level and lymphocyte count and a higher D-dimer level were significantly associated with critical illness. The combined use of all three parameters had an AUC of 0.802 (95% CI: 0.706–0.898, P < 0.001).


Table 4 | Diagnostic performance of lymphocytes, D-dimer, and FT3 in predicting critical COVID-19.






Figure 3 | ROC curves for FT3, lymphocytes, and D-dimer in predicting critical COVID-19.






3.4 Clinical characteristics and cumulative morality of patients with low T3

To explore the potential value of low T3 for clinical outcome assessment, we analyzed the low T3 group by comparison of survivors (n = 42) and non-survivors (n = 6; Table 5). The non-survivors had significantly lower levels of FT3 and lymphocytes, and a significantly higher level of D-dimer (all p < 0.05). Kaplan-Meier analysis confirmed that patients with low T3 had greater cumulative mortality (p < 0.001; Figure 4).


Table 5 | Clinical data of patients in the low T3 group who were survivors and non-survivors.






Figure 4 | Kaplan-Meier analysis of the effect of FT3 on mortality of COVID-19 patients.






3.5 Thyroid hormone levels before and after discharge of patients with low T3

42 patients with low T3 were measured after recovery had normal levels after discharge. Analysis of the 42 patients with low T3 levels indicated these patients had significantly greater post-discharge levels of FT3 and FT4 (both p < 0.05; Table 6). The post-discharge level of TSH was also greater, but the difference was not statistically significant (P > 0.05).


Table 6 | Levels of FT3, FT4, and TSH of patients in the low T3 group (n = 42) at admission and after discharge.







4 Discussion

Our assessment of the prognostic value of FT3 in patients who had COVID-19 indicated that patients with low FT3 syndrome were older, had more severe clinical symptoms, and had worse clinical outcomes. We also found lower levels of FT3 and lymphocytes and a higher level of D-dimer in patients with critical illness and in non-survivors, suggesting that a low T3 level is related to COVID-19 severity. Our ROC analysis demonstrated that a low FT3 level was a reliable and independent risk factor for critical disease (AUC = 0.724), and the addition of lymphocyte count and D-dimer further improved the predictive performance (AUC = 0.802). Our analysis of the 42 patients who had low T3 syndrome and were survivors showed that thyroid function increased after recovery.

We can suggest several possible general mechanisms that explain the association between NTIS and COVID-19-related adverse outcomes. Importantly, these different mechanisms are not mutually exclusive. One possible mechanism is that the virus causes direct damage of cells in thyroid tissues. This seems plausible because angiotensin converting enzyme 2 (ACE2) functions as a receptor for the SARS-CoV-2 spike protein (17), and has high expression in thyroid tissues (18).

Second, the increased levels of cytokines induced by severe COVID-19 could explain the relationship of low T3 syndrome with poor outcome. A cytokine storm affects the course and severity of disease (19). Our low T3 group was sicker and had a stronger inflammatory response, with significantly higher levels of leukocytes, CRP, and ESR, important indicators of inflammation. This systemic inflammatory response can cause an increase in inflammatory cytokines such as IL-1, IL-6 and TNF-α (20), leading to suppression of the hypothalamic-pituitary-thyroid axis (3) and reduced 5’-monodeiodinase activity (21), resulting in decreased TSH secretion, and decreased conversion of T4 into rT3. Severe inflammation is also considered a major cause of disseminated intravascular coagulation (DIC) (22), and many COVID-19 patients have thrombosis and DIC, consistent with our finding of an elevated D-dimer level in patients with low T3.

Third, the association of a low T3 level with more severe COVID-19 disease may be because normal levels of thyroid hormones are important in protecting the lungs from injury (23). In particular, serum T3 can increase the synthesis of lung surface-active substances, reduce alveolar surface tension, and increase lung compliance, thereby improving lung function (24). In contrast, a low T3 level may lead to lower levels of lung surface-active substance and aggravate lung function in patients with COVID-19. Consistent with our findings, previous studies of patients with low FT3 and sepsis had reduced oxygen saturation, greater involvement of lung lesions, greater use of oxygen therapy, and were more likely to experience respiratory failure.

Fourth, the relationship of low T3 level with anemia with poor nutritional status may be responsible for the association of low T3 level with disease severity. Previous research reported that a low serum albumin level alone was a sufficient indicator of malnutrition in patients hospitalized with COVID-19 (25).A negative nitrogen balance and organismal depletion associated with the disease can also lead to a decrease in serum thyroid hormone transporter protein levels, inhibiting T3 production as well as T4 transport in tissues (26). Another study showed that NTIS was related to a significantly decreased level of T3 and a significantly increased level of reverse T3 (rT3, an inactive form of T3) during the acute phase of disease. This may be related to the decreased level of thyroid hormone binding protein and albumin, as well as reduced binding activity (27).

Several previous studies showed that the level of D-dimer (28) and the lymphocyte count (29) were associated with poor outcome in COVID-19 patients. Another study found that a D-dimer level of 2.0 μg/mL or more upon admission was the optimal cut-off for predicting in-hospital mortality from COVID-19 (30). Other studies reported that low T3 syndrome was strongly associated with the severity and prognosis of critical illnesses. For example, a prospective trial of 480 patients in intensive care units reported that the FT3 level was an independent and robust predictor of mortality (31). These previous studies led us to speculate that a low T3 level could be useful as a predictor of critical COVID-19, because early identification of patients who have a risk of progression to severe COVID-19 is essential for providing timely treatments. Our analysis of the low T3 group demonstrated that the level of T3 was lower in non-survivors and in those with more severe disease, and our ROC analysis demonstrated that the FT3 level was a acceptable predictor of critical COVID-19. Recent studies of COVID-19 patients also demonstrated an association between lymphopenia and thyroid function (32), indicating a potential interaction between the hypothalamic-pituitary-thyroid axis and the immune system (33). The levels of lymphocytes and D-dimer affect the relationship between COVID-19 and the thyroid, because a strong inflammatory response and coagulation dysfunction predict worse clinical outcome. In agreement, our ROC analysis indicated that using the combination of the levels of T3, lymphocytes, and D-dimer led to better prediction of critical disease.

It is possible that COVID-19 could have a long-term impact on thyroid function. However, our follow-up of 42 survivors in the low T3 group demonstrated that recovery from COVID-19 was related to recovery of thyroid function. In particular, the COVID-19 patients in the low T3 group had normalization of the levels of T3 and T4 after discharge, and all of these patients had serum T3 levels in the normal range. Some researchers suggested the use of thyroid hormone supplementation to restore the normal serum levels of patients with NTIS. However, this idea remains highly controversial and there is still no clear evidence that this supplementation provide a benefit (7, 34). Our patients experienced restoration of normal serum T3 levels after recovery from COVID-19, and none of them received thyroid hormone therapy.

There are several possible reasons why the serum T3 levels of our patients normalized after recovery from COVID-19. After disease recovery, the viral load decreases, and this could reduce the direct damage of the thyroid gland caused by SARS-CoV2. At the same time, the clearance of inflammatory cytokines from the body after recovery reduces their effect on deiodinase, thus promoting the production of T3. In addition, the negative nitrogen balance (caused by fever and inadequate nutrition during the course of the disease) normalized after recovery, and the increased serum level of protein enables the increased synthesis of thyroid hormone. The mechanism responsible for the effect of low T3 level on COVID-19 severity and the mechanism responsible for the normalization of the T3 level after recovery from COVID-19 are still unclear and need further study.

This study was limited in that it was a retrospective study of patients with COVID-19 whose thyroid function was assessed upon admission. A second limitation is that post-discharge follow-up was only performed for patients in the low T3 group, and this could have biased the results. A third limitation is that the sample size was small and all patients were from a single center. A large prospective study is needed to further examine the relationship of low T3 level with COVID-19 severity.

In conclusion, our results suggest that low T3 level is a transient injury caused by COVID-19, and is closely related to disease severity. A low T3 level was also a good predictor for critical illness, and may be useful for the early evaluation of COVID-19 patients.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by Xiaogan Central Hospital. The patients/participants provided their written informed consent to participate in this study.





Author contributions

MZ and YG wrote the manuscript. YY and ZD conducted the design of the study and reviewed/edited the drafts, and is guarantor. XZ, LG, LL and CX collected and analyzed the data. HH revised the manuscript. All authors contributed to the article and approved the submitted article.





Funding

This study was supported by Youth Talents Project of Joint Fund of Hubei Health Commission (WJ2019H170) and Xiaogan Natural Science Project (XGKJ2020010033).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Wang, W, Su, X, Ding, Y, Fan, W, Zhou, W, Su, J, et al. Thyroid function abnormalities in Covid-19 patients. Front Endocrinol (Lausanne) (2020) 11:623792. doi: 10.3389/fendo.2020.623792

2. Baldelli, R, Nicastri, E, Petrosillo, N, Marchioni, L, Gubbiotti, A, Sperduti, I, et al. Thyroid dysfunction in Covid-19 patients. J Endocrinol Invest (2021) 44(12):2735–9. doi: 10.1007/s40618-021-01599-0

3. Tian, Y, Zhao, J, Wang, T, Wang, H, Yao, J, Wang, S, et al. Thyroid diseases are associated with coronavirus disease 2019 infection. Front Endocrinol (Lausanne) (2022) 13:952049. doi: 10.3389/fendo.2022.952049

4. Zheng, J, Cui, Z, Shi, N, Tian, S, Chen, T, Zhong, X, et al. Suppression of the Hypothalamic-Pituitary-Thyroid axis is associated with the severity of prognosis in hospitalized patients with Covid-19. BMC Endocr Disord (2021) 21(1):228. doi: 10.1186/s12902-021-00896-2

5. Gezer, D, and Ecin, MS. Effects of Covid-19 infection on thyroid functions. J Med Biochem (2022) 41(4):491–6. doi: 10.5937/jomb0-34934

6. Sparano, C, Zago, E, Morettini, A, Nozzoli, C, Yannas, D, Adornato, V, et al. Euthyroid sick syndrome as an early surrogate marker of poor outcome in mild sars-Cov-2 disease. J Endocrinol Invest (2022) 45(4):837–47. doi: 10.1007/s40618-021-01714-1

7. Schwarz, Y, Percik, R, Oberman, B, Yaffe, D, Zimlichman, E, and Tirosh, A. Sick Euthyroid Syndrome on presentation of patients with Covid-19: a potential marker for disease severity. Endocr Pract (2021) 27(2):101–9. doi: 10.1016/j.eprac.2021.01.001

8. Guo, J, Hong, Y, Li, Y, and Wang, Z. Prognostic value of thyroid hormone Ft3 in general patients admitted to the intensive care unit. BioMed Res Int (2020) 2020:6329548. doi: 10.1155/2020/6329548

9. Guo, J, Hong, Y, Wang, Z, and Li, Y. Analysis of the incidence of Euthyroid Sick Syndrome in comprehensive intensive care units and related risk factors. Front Endocrinol (Lausanne) (2021) 12:656641. doi: 10.3389/fendo.2021.656641

10. Wolter, N, Jassat, W, Walaza, S, Welch, R, Moultrie, H, Groome, M, et al. Early assessment of the clinical severity of the Sars-Cov-2 omicron variant in South Africa: a data linkage study. Lancet (2022) 399(10323):437–46. doi: 10.1016/s0140-6736(22)00017-4

11. Tseng, HF, Ackerson, BK, Luo, Y, Choi, SK, Takhar, HS, Aragones, M, et al. Effectiveness of Mrna-1273 against Sars-Cov-2 omicron and delta variants. Nat Med (2022) 28(5):1063–71. doi: 10.1038/s41591-022-01753-y

12. Del Rio, C, Omer, SB, and Malani, PN. Winter of omicron-the evolving Covid-19 pandemic. JAMA (2022) 327(4):319–20. doi: 10.1001/jama.2021.24315

13. Maslo, C, Friedland, R, Toubkin, M, Laubscher, A, Akaloo, T, and Kama, B. Characteristics and outcomes of hospitalized patients in South Africa during the Covid-19 omicron wave compared with previous waves. JAMA (2022) 327(6):583–4. doi: 10.1001/jama.2021.24868

14. Zhang, X, Zhang, W, and Chen, S. Shanghai's Life-saving efforts against the current omicron wave of the Covid-19 pandemic. Lancet (2022) 399(10340):2011–2. doi: 10.1016/s0140-6736(22)00838-8

15. Liontos, A, Asimakopoulos, AG, Markopoulos, GS, Biros, D, Athanasiou, L, Tsourlos, S, et al. Correlation of lymphocyte subpopulations, clinical features and inflammatory markers during severe COVID-19 onset. Pathogens (2023) 12(3):414. doi: 10.3390/pathogens12030414

16. Zhou, F, Yu, T, Du, R, Fan, G, Liu, Y, Liu, Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in wuhan, China: a retrospective cohort study. Lancet (2020) 395(10229):1054–62. doi: 10.1016/S0140-6736(20)30566-3

17. Narayan, SS, Lorenz, K, Ukkat, J, Hoang-Vu, C, and Trojanowicz, B. Angiotensin converting enzymes ace and Ace2 in thyroid cancer progression. Neoplasma (2020) 67(2):402–9. doi: 10.4149/neo_2019_190506N405

18. Li, MY, Li, L, Zhang, Y, and Wang, XS. Expression of the Sars-Cov-2 cell receptor gene Ace2 in a wide variety of human tissues. Infect Dis Poverty (2020) 9(1):45. doi: 10.1186/s40249-020-00662-x

19. McGonagle, D, Sharif, K, O'Regan, A, and Bridgewood, C. The role of cytokines including Interleukin-6 in Covid-19 induced pneumonia and macrophage activation syndrome-like disease. Autoimmun Rev (2020) 19(6):102537. doi: 10.1016/j.autrev.2020.102537

20. Liu, J, Wu, X, Lu, F, Zhao, L, Shi, L, and Xu, F. Low T3 syndrome is a strong predictor of poor outcomes in patients with community-acquired pneumonia. Sci Rep (2016) 6:22271. doi: 10.1038/srep22271

21. Zou, R, Wu, C, Zhang, S, Wang, G, Zhang, Q, Yu, B, et al. Euthyroid sick syndrome in patients with Covid-19. Front Endocrinol (Lausanne) (2020) 11:566439. doi: 10.3389/fendo.2020.566439

22. Deng, J, Zhang, S, Peng, F, Zhang, Q, Li, Y, and Zhong, Y. The association between Ft3 with the outcome and Inflammation/Coagulopathy/Fibrinolysis of Covid-19. Front Endocrinol (Lausanne) (2022) 13:877010. doi: 10.3389/fendo.2022.877010

23. Duntas, LH, and Jonklaas, J. Covid-19 and thyroid diseases: a bidirectional impact. J Endocr Soc (2021) 5(8):bvab076. doi: 10.1210/jendso/bvab076

24. Lui, DTW, Lee, CH, Chow, WS, Lee, ACH, Tam, AR, Fong, CHY, et al. Role of non-thyroidal illness syndrome in predicting adverse outcomes in Covid-19 patients predominantly of Mild-to-Moderate severity. Clin Endocrinol (Oxf) (2021) 95(3):469–77. doi: 10.1111/cen.14476

25. Ali, AM, and Kunugi, H. Approaches to nutritional screening in patients with coronavirus disease 2019 (Covid-19). Int J Environ Res Public Health (2021) 18(5):2772. doi: 10.3390/ijerph18052772

26. Tsuji, H, Hashimoto, M, Harada, T, Tanaka, M, Ito, H, Murakami, K, et al. Persistent anemia and hypoalbuminemia in rheumatoid arthritis patients with low serum triiodothyronine level. Mod Rheumatol (2020) 30(4):640–7. doi: 10.1080/14397595.2019.1649109

27. Ahn, J, Lee, MK, Lee, JH, and Sohn, SY. Thyroid hormone profile and its prognostic impact on the Coronavirus disease 2019 in Korean patients. Endocrinol Metab (Seoul) (2021) 36(4):769–77. doi: 10.3803/EnM.2021.1109

28. Tang, N, Li, D, Wang, X, and Sun, Z. Abnormal coagulation parameters are associated with poor prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost (2020) 18(4):844–7. doi: 10.1111/jth.14768

29. Lv, Z, Wang, W, Qiao, B, Cui, X, Feng, Y, Chen, L, et al. The prognostic value of general laboratory testing in patients with Covid-19. J Clin Lab Anal (2021) 35(2):e23668. doi: 10.1002/jcla.23668

30. Zhang, L, Yan, X, Fan, Q, Liu, H, Liu, X, Liu, Z, et al. D-dimer levels on admission to predict in-hospital mortality in patients with Covid-19. J Thromb Haemost (2020) 18(6):1324–9. doi: 10.1111/jth.14859

31. Gutch, M, Kumar, S, and Gupta, KK. Prognostic value of thyroid profile in critical care condition. Indian J Endocrinol Metab (2018) 22(3):387–91. doi: 10.4103/ijem.IJEM_20_18

32. Lui, DTW, Lee, CH, Chow, WS, Lee, ACH, Tam, AR, Pang, P, et al. The independent association of Tsh and free triiodothyronine levels with lymphocyte counts among Covid-19 patients. Front Endocrinol (Lausanne) (2021) 12:774346. doi: 10.3389/fendo.2021.774346

33. Lui, DTW, Lee, CH, Chow, WS, Lee, ACH, Tam, AR, Cheung, CYY, et al. Development of a prediction score (Thyrocovid) for identifying abnormal thyroid function in Covid-19 patients. J Endocrinol Invest (2022) 45(11):2149–56. doi: 10.1007/s40618-022-01854-y

34. Sciacchitano, S, Capalbo, C, Napoli, C, Anibaldi, P, Salvati, V, De Vitis, C, et al. Nonthyroidal illness syndrome: to treat or not to treat? have we answered the question? a review of metanalyses. Front Endocrinol (Lausanne) (2022) 13:850328. doi: 10.3389/fendo.2022.850328




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Zhong, Gao, Hu, Zhu, Gan, Li, Xiang, Yan and Dai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-14-1154007-g003.jpg
Sepcificity%

The ROC Curve

1.00-

0.75-

O

)

o
1

0.25-

0.50
Sensitivity%

0.25

Variable

FT3
AUC=0.724

— ] Lym

AUC=0.698

s D Dimer

AUC=0.783

FT3+ Lym+D Dimer
AUC=0.802





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Transient low T3 syndrome in patients with COVID-19: a new window for prediction of disease severity

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Patients and methods

        

          		

            2.1 Patients

          



          		

            2.2 Data collection

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Clinical characteristics of patients with low T3 and normal T3

          



          		

            3.2 Univariate and multivariate logistic regression analysis on disease severity

          



          		

            3.3 Predictive value of lymphocytes, D-dimer, and FT3 with disease severity

          



          		

            3.4 Clinical characteristics and cumulative morality of patients with low T3

          



          		

            3.5 Thyroid hormone levels before and after discharge of patients with low T3

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
FT3 (pmol/I FT4 (pmol/!

TSH (ulU/n

Admission 2.62+0.10 17.10 + 5.81 1.81 £0.18
Post-discharge 4.05 + 0.98 17.65 £ 1.29 1.93 £0.21
p value <0.001

0.003 0.299






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variables Univariate analysis Multivariate analysis

OR (95%Cl) P Value OR (95%Cl) P Value

FT3 0.42 (0.25-0.71) 0.001 080 (0.51-0.93) 0043
TSH 0.98 (0.80-1.19) 0817

White blood cells ‘ 165 (1.33-2.03) <0.001 145 (0.85-2.46) 0.171
Hemoglobin 0.99 (0.97-1.00) 0.125

Neutrophils 113 (1.08-1.18) <0001 1.01 (0.80-1.28) 0952
Lymphocytes 087 (0.82-0.91) <0001 087 (0.82-0.93) <0.001
Pre-albumin 0.99 (0.98-1.00) 0.005 1.00 (0.98-1.01) 0577
Total plasma protein 1.01 (0.96-1.07) 0626

Albumin 0.72 (0.63-0.83) <0.001 091 (0.70-0.95) 0.040
CRP 1.02 (1.01-1.03) <0.001 1.02 (1.01-1.04) 0042
ESR ‘ 1.03 (1.01-1.05) 0.004 1.00 (0.96-1.04) 0952
D-dimer 11.17 (2.14-58.28) 0.004 578 (1.48-22.54) 0011






OEBPS/Images/fendo.2023.1154007_cover.jpg
& frontiers | Frontiers in Endocrinology

Transient low T3 syndrome in patients with
COVID-19: a new window for prediction of
disease severity





OEBPS/Images/table4.jpg
AUC 95%Cl P

FT3 0.724 0.622,0.825 <0.001
Lymphocyte count 0.698 0.591,0.804 <0.001
D-dimer 0.783 0.684,0.881 <0.001
All 3 parameters 0.802 0.706,0.898 <0.001

AUC: area under the curve.





OEBPS/Images/table3.jpg
Critically ill (

All (
FT3 (pg/mL) 31-6.8 3.43 (2.80,4.00) 359 (2.96,4.08) 3.07 (2.55,3.35) 2.89 (2.45,3.25) 0.001
Lymphocytes (x10°/L) 11-3.2 094 (0.66,1.42) 1.07 (0.76,1.49) 069 (0.52,1.17) 068 (0.46,0.88) 0.002
0-1 027 (0.23,0.37) 0.026 (0.23,0.30) 039 (0.25,2.21) 0.40 (0.31,1.20) <0.001

D-dimer (mg/L)





OEBPS/Images/fendo-14-1154007-g002.jpg
FT3(pmol/L)

4.0

3.5

3.0

2.5

20

1.5

1.0

0.5

0.0

ordinary

severe

critically ill





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-14-1154007-g004.jpg
Strata == Normal F13 == LowFI3

Cumulative incidence
= O O O O
RN N (@) AN @)

O
o

0O &5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time in days

Number at risk

w95 94 94 94 94 94 94 94 94 93 93 89 80 45 10 2 1 O
mm | 50 49 48 45 44 44 44 44 44 42 40 31 29 22 7 3 2 O

0O &5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time Iin days

Strata





OEBPS/Images/fendo-14-1154007-g001.jpg
COVID-19 patients Exclude conditions :
included in this 1. Thyroid function was not

study(n=145 tested within 24 hours of
admission;
2. Previous thyroid disease;
3. Recent medication
affecting thyroid function;
4. Severe liver and kidney
insufficiency and other major
diseases.

Normal T3 group
FT323.1pmol/L (n=95)

Low T3 group
FT3 <3.1pmol/L(n=50)
Non-Survival group(n=6) Survival group(n=42)

2 patients were excluded
for : loss to follow-up





OEBPS/Images/table1.jpg
All patients ( Normal T3 (n=95) p value

Age (years), median (IQR) 50 (39,60) 57 (48,67) 45 (35,54) <0.001
Gender, n (%)

Male 69 (47.59) 18 (36.00) 51 (53.68) 0.043
Female 76 (52.41) 32 (64.00) 44 (46.32) 0.043

Clinical parameters on presentation, n (%)

Temperature > 37.3°C 47 (3241) 15 (30.00) 32 (33.68) 0363
SpO; < 93% 20 (13.79) 14 (28.00) 6(6.32) <0.001
Heart rate > 100 bpm 26 (17.93) 14 (28.00) 12 (12.63) 0022
Mean arterial pressure, mmHg 94 (87,99) 91 (83,100) 95 (89,99) 0.182

Laboratory results

FT3 (2.43-6.01pmol/L) 3.43 (2.80-4.00) 264 (2:41-2.80) 3.76 (3.44-4.26) <0.001
FT4 (9.01-19.05pmol/L) 1537 (13.45-17.19) 14.73 (13.31-16.32) 15.67 (13.76-17.24) 0274
TSH (0.35-4.94ulU/mL) 1.65 (1.00-2.84) 1.10 (0.62-2.66) 1.90 (1.33-2.87) 0.002
White blood cells (3.5-9.5x10°/L) 456 (3.41-5.68) 533 (3.58-6.81) 443 (3.34-5.40) 0.005
Hemoglobin (130-175g/L) 131.00 (120.00-144.00) 124 (117-134.25) 138.00 (126.00-149.00) <0.001
Neutrophils (1.8-6.3x10°/L) 284 (2.04-4.29) 427 (248-6.51) 247 (1.84-3.50) <0.001
Lymphocytes (1.1-3.2x10°/L) 094 (0.66-1.42) 0.84 (0.57-1.00) L11 (0.72-1.54) <0.001
Pre-albumin (200-400m 143.20 (109.00-190.90) 109.10 (75.30-143.58) 164.40 (132.30-206.70 <0.001
g/L)

Total plasma protein (65-85g/L) 66.60 (63.80-73.00) 65.50 (63.03-69.85) 67.60 (64.30-73.85) 0042
Albumin (40-55g/L) 38.10 (35.70-40.90) 35.75 (33.48-37.93) 39.80 (37.40-41.90) <0.001
Procalcitonin (0-0.5ng/mL) 020 (0.15-0.34) 0.18 (0.16-0.35) 021 (0.14-034) 0829
C-reactive protein (0-3mg/L) 17.91 (6.91-37.05) 36.91 (17.81-74.00) 14.90 (5.13-25.72) <0.001
Erythrocyte sedimentation rate (0-15mm/h) 41.00 (22.00-57.00) 53.50 (30.50-84.75) 31.50 (21.00-47.25) 0.004
D-dimer (0-1mg/L) 027 (0.23-0.37) 036 (0.26-0.65) 0.26 (0.23-0.30) <0.001

Disease severity, n (%)

Ordinary 105 (72.41) 29 (58.00) 76 (80.00) 0.005
Severe 26 (17.93) 13 (26.00) 13 (13.68) 0.066
Critical 13 (897) 8 (16.00) 5(5.26) 0031

Clinical outcome, n (%)
Discharge 138 (95.17) 44 (88.00) 94 (98.95) 0012

Death 7 (4.83) 6 (12.00) 1(1.05) 0012





OEBPS/Images/table5.jpg
Clinical symptoms, n (%)
Fever

Cough

Dyspnea

Fatigue

Laboratory tests, mean (IQR)
FT3 (pmol/L)

Lymphocyte count (x10°/L)
Albumin (g/L)

D-dimer (mg/L)

C-reactive protein (mg/dL)
Treatments, n (%)
Oxygen therapy

Invasive/Noninvasive mechanical ventilation

Survivors

(n=42)

40 (95.24)
28 (66.67)
13 (30.95)

16 (38.10)

2.68 (2.53,2.80)
0.98 (0.89,1.14)
38.70 (36.35,40.35)
0.25 (0.24,035)

10.90 (7.79,34.45)

8 (19.05)

0

Non-survivors
(n=6)

5 (83.33)
6 (100.00)
5 (83.33)

2(33.33)

247 (1.91,2.77)
068 (0.47,0.92)
33.90 (32.40,35.10)
081 (0.37,3.51)

73.25 (39.83,137.49)

4(66.67)

3 (50.00)

0.318

0.109

0.028

0.608

0.034

0.008

0.073

0.035

0.073

0.043

0.003





