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Objective: To evaluate the relationship between high-sensitivity cardiac troponin T (hs-cTnT) and prognosis in elderly patients with
coronavirus disease 2019 (COVID-19).

Methods: This study recruited 1399 COVID-19 patients aged 65 years or older admitted to Taizhou Hospital or Enze Hospital in
Zhejiang Province from December 15, 2022, to January 4, 2023. The Cox regression model was used to evaluate the relationship
between hs-cTnT level and in-hospital death. The logistic regression model was used to evaluate the relationship between hs-cTnT
level and major adverse events. The restricted cubic spline (RCS) model is used for nonlinear analysis.

Results: The increase of peak hs-cTnT was associated with the increased risk of death (HR 9.49; 95% CI 1.19-75.48; trend p = 0.012)
and major adverse events (OR 20.59; 95% CI 10.41-40.71; trend p < 0.001). RCS model showed the association between peak hs-
cTnT and death and major adverse events were nonlinear (P for non-line < 0.001). Starting from the limit of quantification of hs-cTnT
(3ng/L), the risk of death and major adverse events had a steep S-shaped increase until hs-cTnT reached the 90th percentile point (hs-
c¢TnT = 131 ng/L), followed by a plateau period. Peak hs-cTnT has good predictive value for death and major adverse events, with
AUC of 0.834 and 0.804, respectively.

Conclusion: Peak hs-cTnT has high predictive value for the risk of in-hospital death and major adverse events in elderly patients with
COVID-19. The association between peak hs-cTnT and death and major adverse events were nonlinear.
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Introduction

The Coronavirus disease 2019 (COVID-19), which has killed at least 7 million people, is a severe challenge to global
public health.! It is noteworthy that COVID-19 related deaths mainly occur in the elderly.”>* Moreover, the ICU
admission rate in older patients with COVID-19 was higher than in younger patients.” In the past 100 years, human
life expectancy has increased significantly.® According to the World Health Organization survey, the global population
over 65 exceeded 700 million in 2019 and will at least double in the next 30 years.” Therefore, early risk assessment of
elderly patients with COVID-19 is crucial to identifying high-risk patients.

Except for typical respiratory manifestations, COVID-19 patients often have cardiac involvement. And its existence is
not only related to the severity of the disease but also closely related to adverse outcomes such as death.*'' High-
sensitivity cardiac troponin T (hs-cTnT) is a preferred high sensitivity cardiac injury marker, which will be released into
the blood when myocardial tissue is injured.'> Many studies show that the prognosis of COVID-19 patients with elevated
hs-cTnT levels is worse. A multicenter retrospective study in the United States found that COVID-19 patients with
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elevated hs-cTnT levels had a higher risk of death.'® A study of COVID-19 patients in the ICU found that admission hs-
¢TnT was a predictor for death.'® Similarly, another study involving 2450 hospitalized patients with COVID-19 further
confirmed elevated hs-cTnT was associated with an increased risk of death.'> However, there is a non-specific increase in
the hs-cTnT level in the elderly. Some scholars found that the 99th percentile hs-cTnT levels of the elderly observed in
the general population is three times the reference value.'® Therefore, it is necessary to evaluate the relationship between
hs-cTnT and the prognosis of elderly patients with COVID-19.

This study analyzed the relationship between peak hs-cTnT levels and poor prognosis in elderly patients with
COVID-19. We explored the prognostic role of hs-cTnT in elderly patients and its ability as a risk stratification tool.

Methods
Study Population

This study was conducted in Taizhou Hospital and Enze Hospital in Zhejiang Province. The hospitalized geriatric
COVID-19 patients (age > 65 years old) from December 15, 2022, to January 4, 2023, were analyzed retrospectively.
These patients had COVID-19 symptoms and were diagnosed with COVID-19 by nucleic acid or antigen detection. At
least one hs-cTnT test was performed. Patients younger than 65, without laboratory diagnosis of COVID-19, and no hs-
c¢TnT test during hospitalization were excluded. This research was approved by the ethics of Taizhou Hospital of
Zhejiang Province (k20230116) and conforms to the declaration of Helsinki. As this is a retrospective observational
study, informed consent was waived.

Study Variables and Data Extraction

All clinical data were collected through the hospital medical record of Taizhou Hospital and Enze Hospital in Zhejiang
Province. (1) General information, including gender, age, and length of stay (LOS). (2) Clinical manifestations, including
blood pressure, heart rate, fever, throat discomfort, cough, sputum production, myalgia, fatigue, headache or dizziness,
poor appetite, digestive symptoms, chest pain, and chest distress; (3) Coexisting comorbidities, including hypertension,
diabetes mellitus (DM), coronary artery disease (CAD), atrial fibrillation (AF), chronic obstructive pulmonary disease
(COPD), heart failure (HF), asthma, chronic kidney disease (CKD), cerebrovascular disease, and cancer. (4) Laboratory
findings, including white blood cell (WBC) and high-sensitivity C-reactive protein (hs-CRP). Neutrophil-to-lymphocyte
(NLR) was calculated as neutrophils count divided by lymphocytes count. (5) Treatment, including intravenous
antibiotics, intravenous antivirals, and immune therapy. COVID —19 reporting and data system (CORADS) was
evaluated based on the standards developed by Prokop M et al.'” CORADS 6 is not included because it depends on RT-
PCR positivity.'®

Hs-cTnT Assay

The hs-cTnT was detected by the Roche Cobas E801 electrochemiluminescence instrument (Roche Diagnostics,
Germany). The 99th percentile reference upper limit was 14 ng/L, and the minimum detection limit was 3 ng/L.
Peak hs-cTnT values were defined over the duration of hospitality.

Outcomes
The poor prognosis included in-hospital death and major adverse events including shock, respiratory failure requiring
mechanical utilization, continuous renal replacement therapy (CRRT), ICU admission, cardiac arrest, and in-hospital death.

Statistical Analysis

R software (version 4.1.2) was used for statistical analysis. Categorical variables are represented by counts (percentages),
and continuous variables are represented by median (interquartile distance [IQR]). The participants were divided into
four groups according to the quartile of hs-cTnT (< 13, 13-23, 23-52, >52ng/L) to analyze the association between the
hs-cTnT level and the prognosis of patients with COVID-19. Kruskal Wallis test was used to compare the differences
between continuous variables. Chi-squared test or Fisher’s exact test was used to compare the differences between
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categorical variables. The Cox regression model was used to evaluate the relationship between hs-cTnT level and in-
hospital death. The logistic regression model was used to evaluate the relationship between hs-cTnT level and major
adverse events. We constructed two progressive adjustment models: model 1 was adjusted according to age and gender;
based on model 1, model 2 was adjusted with the addition of fever, throat discomfort, cough, sputum production,
myalgia, headache/dizziness, hypertension, DM, AF, CAD, heart failure, cerebrovascular disease, CKD, heart rate, WBC,
NLR, hs-CRP, and CORADS."*?* The restricted cubic spline (RCS) model, adjusted for the same variables as model 2,
was used to analyze the association of hs-cTnT level between prognosis. The bilateral P value <0.05 was considered
statistically significant.

Results

Baseline Characteristics of the Study Population
As shown in Figure 1, we analyzed the clinical and laboratory data of 1399 elderly patients with COVID-19. The median
age of the patients was 77 (IQR, 72—-84) years old, 890 (63.6%) males, and the median LOS was 10 (IQR, 7-15) days.
Among the included patients, 48 (3.4%) patients died and 231 (16.5%) had major adverse events during hospitalization.
The median (IQR) of hs-cTnT was 23 (13-52) ng/L, according to the quartile of hs-cTnT, and the participants were
divided into four groups (< 13, 13-23, 23-52, >52ng/L). Their baseline characteristics are shown in Table 1. The patients
with higher hs-cTnT levels were older, had longer LOS, had higher rates of hypertension, diabetes, AF, CAD, HF,
cerebrovascular disease, and CKD, had higher levels of WBC, NLR, and hs-CRP, and had poorer prognosis but had
fewer symptoms such as fever, throat discomfort, cough, sputum production, myalgia, and headache or dizziness.

The Relationship Between Peak Hs-cTnT and Prognosis

Figure 2 shows that the peak hs-cTnT level of patients with poor prognosis (death and major adverse events) is higher than that of
patients with good prognosis, even if they are grouped according to sex, HP, DM, AF, CAD, HF, and CKD history.
Supplementary Figure 1 shows that the risk of in-hospital death in the four groups increased in turn. Table 2 shows that
compared with the first quartile of hs-cTnT, the fully adjusted HR of death from the third to the fourth quartile in model 2 is 2.91
(0.35-24.31) and 9.49 (1.19-75.48), respectively (p =0.012 for trend); The adjusted OR of major adverse events from the second
to the fourth quartile were 2.23 (1.08-4.60), 4.98 (2.50-9.89) and 20.59 (10.41-40.71), respectively (p<0.001). And the HR and
OR were adjusted for sex, age, fever, throat discomfort, cough, sputum production, myalgia, headache/dizziness, hypertension,
DM, AF, CAD, HF, cerebrovascular disease, CKD, heart rate, WBC, NLR, hs-CRP, and CORADS score.

3836 suspected COVID-19 patients were hospitalized from Dec 15, 2022 to Jan 4, 2023

Exclude:

- No clinical manifestations related to
COVID-19 and negative nucleic acid test for
SARS-CoV-2 on admission (n=20)

- SARS-CoV-2 nucleic acid or antigen tests
were not performed (n=20)

- Age<65 years (n = 1726)

2070 confirmed COVID-19 patients

Exclude:
- hs-TnT tests were not performed (n=671)

1399 confirmed COVID-19 patients

Figure | Study flowchart. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; hs-cTnT, high-sensitivity cardiac troponin T.
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Table | Baseline Characteristics of Participants Across Quartiles of Hs-cTnT Levels
Characteristics Total hs-cTnT, ng/L P value

Ql (=13) Q2 (13-23) Q3 (23-52) Q4 (>52)

Patients, n 1399 365 352 334 348
Male n (%) 890 (63.6) 203 (55.6) 225 (63.9) 231 (69.2) 231 (66.4) 0.001
Age (year) 77 (72, 84) 73 (69, 78) 77 (72, 83) 82 (75, 87) 80 (73, 86) <0.001
LOS (day) 10 (7, 15) 9 (6, 12) 9(7, 14) I (7, 16) 12 (8, 19) <0.001
HR (bpm) 86 (76, 97) 86 (76, 94) 85 (75, 95) 86 (76, 98) 86 (77, 99) 0.16l
SBP (mmHg) 136 (122, 151) 134 (122, 146) 136 (121, 151) 137 (124, 154) 137 (120, 153) 0.131
DBP (mmHg) 77 (69, 85) 77 (70, 82) 77 (70, 86) 77 (70, 85) 76 (67, 86) 0.500
CORADS score 3 (2-5) 3 (2-5) 3 (2-5) 3 (2-5) 3 (2-5) 0.352
Symptoms, n (%)
Fever 742 (53.0) 223 (61.1) 195 (55.4) 167 (50.0) 157 (45.1) <0.001
Throat discomfort 240 (17.2) 78 (21.4) 66 (18.8) 57 (17.1) 39 (11.2) 0.003
Cough 1016 (72.6) 282 (77.3) 258 (73.3) 248 (74.3) 228 (65.5) 0.004
Sputum production 837 (59.8) 243 (66.6) 206 (58.5) 199 (59.6) 189 (54.3) 0.009
Myalgia 119 (8.5) 47 (12.9) 35(9.9) 27 (8.1) 10 (2.9) <0.001
Fatigue 254 (18.2) 60 (16.4) 67 (19.0) 63 (18.9) 64 (18.4) 0.793
Headache/dizziness 298 (21.3) 102 (27.9) 94 (26.7) 59 (17.7) 43 (12.4) <0.001
Poor appetite 425 (30.4) 105 (28.8) 108 (30.7) 101 (30.2) 111 31.9) 0.839
Digestive symptoms 139 (9.9) 43 (11.8) 32.9.1) 27 (8.1) 37 (10.6) 0.371
Chest pain 53 (3.8) 14 (3.8) 3.1 I (3.3) 17 (4.9) 0.615
Chest distress 647 (46.2) 163 (44.7) 172 (48.9) 140 (41.9) 172 (49.4) 0.153
Coexisting comorbidities, n (%)
Hypertension 747 (53.4) 159 (43.6) 185 (52.6) 188 (56.3) 215 (61.8) <0.001
DM 358 (25.6) 69 (18.9) 76 (21.6) 79 (23.7) 134 (38.5) <0.001
AF 154 (11.0) 17 (4.7) 36 (10.2) 42 (12.6) 59 (17.0) <0.001
CAD 223 (15.9) 41 (11.2) 42 (11.9) 49 (14.7) 9l (26.1) <0.001
HF 259 (18.5) 14 (3.8) 36 (10.2) 57 (17.1) 152 (43.7) <0.001
COPD/asthma 208 (14.9) 62 (17.0) 52 (14.8) 50 (15.0) 44 (12.6) 0.447
Cerebrovascular disease 290 (20.7) 54 (14.8) 59 (16.8) 95 (28.4) 82 (23.6) <0.001
CKD 128 (9.1) 5(1.4) 10 (2.8) 34 (10.2) 79 (22.7) <0.001
Cancer 205 (14.7) 49 (13.4) 49 (13.9) 47 (14.1) 60 (17.2) 0.467
Laboratory findings
WBC, x10%/L 6.2 (4.4-8.9) 5.6 (4.1-7.9) 6.1 (4.3-8.6) 6.0 (4.3-8.6) 7.6 (5.0-10.8) <0.001
NLR, x10°/L 6.1 (3.2-11.7) 4.5 (2.5-8.8) 5.3 (3.0-9.0) 6.4 (3.6-12.0) 9.5 (4.5-18.9) <0.001
Hs-CRP, mg/L 40.6 (19.3-72.5) | 36.1 (14.8-68.5) | 38.8 (19.4-63.2) | 43.2 (20.3-77.9) | 48.3 (21.3-82.6) <0.001
Treatment, n (%)
Intravenous antibiotics 1073 (76.7) 270 (74.0) 256 (72.7) 262 (78.4) 285 (81.9) 0.015
Intravenous antivirals 753 (53.8) 202 (55.3) 172 (48.9) 179 (53.6) 200 (57.5) 0.128
Immunological therapy 879 (62.8) 216 (59.2) 207 (58.8) 213 (63.8) 243 (69.8) 0.008
Outcomes, n (%)
Major adverse events 240 (17.2) 12 (3.3) 24 (6.8) 51 (15.3) 153 (44.0) <0.001
Death 48 (3.4) 1 (0.3) 0 (0.0 9(2.7) 38 (10.9) <0.001

Abbreviations: hs-cTnT, high-Sensitivity Cardiac Troponin T; LOS, length of stay; HR, heart rate; SBP, systolic pressure; DBP, diastolic pressure; bpm, beats per minute;
CORADS, COVID-19 Reporting and Data System; DM, diabetes mellitus; AF, atrial fibrillation; CAD, coronary artery disease; HF, heart failure; COPD, chronic obstructive
pulmonary disease; CKD, chronic kidney disease; WBC, white blood cell; NLR, neutrophil-to-lymphocyte; hs-CRP, high sensitivity C-reactive protein.

Elevated Hs-cTnT Nonlinearly Associated with Poor Prognosis in Aging COVID-19

Patients

The RCS model showed the association between peak hs-cTnT and death and major adverse events were nonlinear after

adjusting for sex, age, fever, throat discomfort, cough, sputum production, myalgia, headache/dizziness, hypertension,
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Figure 2 Comparisons of hs-cTnT levels in the groups of different outcomes according to sex, hypertension, atrial fibrillation, coronary artery disease, heart failure,
diabetes mellitus, and chronic kidney disease. (A) death, (B) major adverse events.

DM, AF, CAD, HF, cerebrovascular disease, CKD, heart rate, WBC, NLR, hs-CRP, and CORADS score (P for non-
linearity < 0.001). Starting from the limit of quantification of hs-cTnT (3 ng/L), the risk of death and major adverse

events had a steep S-shaped increase until hs-cTnT reached the 90th percentile point (hs-cTnT = 131 ng/L), followed by
a plateau period (Figure 3).

Comparison of Dynamic Changes of Hs-cTnT During the Hospitalization

During hospitalization, the hs-cTnT level of elderly patients with COVID-19 in the death or major adverse events groups
maintained at a high level. In addition, regardless of the outcome, the hs-cTnT level of elderly patients with COVID-19
was higher than the reference value of our laboratory (< 14 ng/L) (Supplementary Figure 2).

Performance of Peak Hs-cTnT as a Biomarker for a Different Outcome

As shown in Figure 4, peak hs-cTnT has good predictive value for death and major adverse events, with AUCs of 0.834
and 0.804, respectively.
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Table 2 Odds Ratios or Hazard Ratios and 95% CI of Prognosis for Quartiles of Hs-cTnT
Outcomes No. of Cases, n (%) OR or HR (95% CI)
Crude Model Model | Model 2
Death
Quartile | 1 (0.3) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Quartile 2 0 (0.0) - - -
Quartile 3 9 (2.7) 6.48 (0.82-51.29) | 4.34(0.53-3523) | 291 (0.35-2431)
Quartile 4 38 (10.9) 20.00 (2.72-147.13) | 15.24 (2.04-113.83) | 9.49 (1.19-75.48)
P for trend - 0.001 0.001 0.012
Major adverse events
Quartile | 12 (3.3) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Quartile 2 24 (6.8) 2.15 (1.06—4.37) 2.40 (1.17-4.90) 2.23 (1.08-4.60)
Quartile 3 51 (15.3) 530 (277-10.13) | 647 (3.33-12.57) | 4.98 (2.50-9.89)
Quartile 4 153 (44.0) 23.08 (12.50-42.61) | 27.70 (14.76-52.00) | 20.59 (10.41—40.71)
P for trend - <0.001 <0.001 <0.001
Notes: Model I: Adjusted for age and sex. Model 2: Model |+ fever, throat discomfort, cough, sputum production, myalgia, headache/
dizziness, hypertension, diabetes mellitus, atrial fibrillation, coronary artery disease, heart failure, cerebrovascular disease, chronic kidney
disease, heart rate, white blood cell, neutrophil-to-lymphocyte, high sensitivity C-reactive protein, and COVID-19 Reporting and Data
System.
Discussion

This study analyzed the relationship between peak hs-cTnT levels and prognosis in 1399 hospitalized patients with COVID-
19 and the trends of hs-cTnT levels during hospitalization. We found that: (1) high peak hs-cTnT level was an independent
risk factor for poor prognosis in elderly patients with COVID-19. (2) Peak hs-cTnT was nonlinear correlated with poor
prognosis. Starting from the limit of quantification of hs-cTnT (3 ng/L), the risk of death and major adverse events had
a steep S-shaped increase until hs-cTnT reached 131 ng/L, followed by a plateau period. (3) During hospitalization, the hs-
cTnT level of aging COVID-19 patients in the poor prognosis group was always maintained at a high level.

Our research has several significant and unique advantages. (1) It uses hs-cTn measurement, which has higher sensitivity
than the ordinary cardiac troponin measurement, and slight myocardial damage can be detected. (2) We found that the
higher the peak hs-cTnT level, the higher the risk of poor prognosis. The mortality risk curve tended to be stable when the
level of hs-cTnT was higher than 131 ng/L. (3) We analyzed the dynamic changes in hs-cTnT level during hospitalization.

Hs-cTnT is the most sensitive biomarker of myocardial injury and is widely used in the diagnosis of cardiovascular diseases.
However, hs-cTnT may be nonspecific elevated in male patients and patients with hypertension, diabetes, and chronic kidney
disease.” *° To rule out the impact of these diseases on the results, we divided the patients into two groups according to sex, HP,
DM, AF, CAD, HF, and CKD history and compared the hs-cTnT levels of patients with poor prognosis and patients with good
prognosis. We found that the hs-cTnT levels in patients with poor prognosis were always higher than those patients with good
prognosis. Therefore, the results of this study can be extended to all elderly patients hospitalized for COVID-19.

Hs-cTnT as a marker related to the prognosis of COVID-19 has received extensive attention.””*® A Danish study of
346 patients with COVID-19 found that dynamic changes of hs-cTnT changes were associated with death.”® Other
research had found that hs-cTnT can predict the in-hospital death in aging COVID-19 patients.’ Similarly, we also
observed that older patients with elevated hs-cTnT had a higher risk of death. A study of 367 COVID-19 patients found
that hs-cTnT was a predictor of major adverse events.'®> Our study confirmed that hs-cTnT was also an independent risk
factor for major adverse events in elderly patients with COVID-19.

Our study also found that the hs-cTnT level was S-shaped and correlated with the risk of death and major adverse events, and
the risk curve tended to be stable after the level of hs-cTnT > 131 ng/L. An Italian study of 343 patients older than 60 with
COVID-19 also found a similar phenomenon. They pointed out that the level of cardiac troponin I (¢TnI) was linearly correlated
with mortality before 0.3pg/L, followed by a plateau period.?' However, this study only confirmed the relationship between cTnl
and mortality. Our study not only confirmed the relationship between hs-cTnT level and mortality but also found the nonlinear
relationship between hs-cTnT level and major adverse events, and we used high-sensitivity troponin T with higher sensitivity.
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Figure 3 Relationship between hs-cTnT levels and outcomes based on restricted cubic spline regression. (A) death, (B) major adverse events. HR adjusted for age, sex,
fever, throat discomfort, cough, sputum production, myalgia, headache/dizziness, hypertension, diabetes mellitus, atrial fibrillation, coronary artery disease, heart failure,
cerebrovascular disease, chronic kidney disease, heart rate, white blood cell, neutrophil-to-lymphocyte, high sensitivity C-reactive protein, and COVID-19 Reporting and
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Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; HR, hazard ratio.
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Figure 4 ROC analysis of hs-cTnT for death (A) and major adverse events (B).

There are the following areas for improvement in this study. First, because this study was carried out at the peak of
COVID-19 infection in China, and the medical resources were relatively insufficient, only patients with severe illness
could be hospitalized, and not all COVID-19 patients were tested for hs-cTnT, and this study was only aimed at Taizhou,
China, which may lead to the existence of selective bias. Secondly, this study is a retrospective study, and the monitoring
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of hs-cTnT is not at a fixed time. Finally, this study only analyzed the state of patients at discharge and did not carry out
long-term follow-up of patients.

Conclusion

Our study proved the predictive effect of hs-cTnT on the risk of in-hospital death and major adverse events such as ICU
admission and shock in elderly patients with COVID-19. When peak hs-cTnT level is higher than 131 ng/L, the risk of
death and major adverse events will not increase significantly with the increase of peak hs-cTnT level.

Abbreviations

COVID-19, coronavirus disease 2019; SARS-COV-2, severe acute respiratory syndrome coronavirus 2; hs-cTnT, high-
Sensitivity Cardiac Troponin T; LOS, length of stay; HR, heart rate; SBP, systolic pressure; DBP, diastolic pressure; bpm,
beats per minute; DM, diabetes mellitus; AF, atrial fibrillation; CAD, coronary artery disease; HF, heart failure; COPD,
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