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Abstract

Objective ~ The aim of the present study is to investigate whether the high sensitive troponin-I (HsTrop-I) and C-reactive protein (CRP) level that measured on admission is an
independent predictor of mortality in patients with coronavirus disease 2019 (COVID-19).

Materials  In this retrospective,cross-sectional and descriptive study, a total of 175 consecutive patients with confirmed COVID-19 cases were screened from November 01, 2020 to
and Methods  January 31, 2021. Finally, 137 eligible patients were enrolled in to the study. Data of patients were recorded from the electronic medical records and National health data
registry.

Results  Mean age of study population was 49.7 + 14.8 year and 88 (64.2%) patients were female. A HsTrop-I level 221.6 pg/ml measured on admission had a 86% sensitivity and
88% specificity in predicting mortality. The CRP level 280.8 mg/l on admission predicted mortality with 86% sensitivity and 95% specificity in patients with COVID-19.
In the multivariate analyzes, HsTrop-I (odds ratio (OR) 1.124, 95% confidence interval (CI) 1.025-1.232; p=0.013) and CRP (OR 1.060, 95% CI 1.021-1.100; p=0.002) on
admission were independent predictors of mortality in patients with COVID-19.

Conclusion  HsTrop-I and CRP levels on admission which are easily measurable laboratory data were independent predictors of mortality in patients with COVID-19. Therefore,
HsTrop-I and CRP levels could help to physicians for earlier triage of the patients that potentially worsening and may lead to provide the effective use of health resources.
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0z
Amag  Bu calismanin amaci, bagvuru sirasinda olgiilen yiiksek sensitif troponin-I (YsTrop-I) ve C-reaktif proteinin (CRP) diizeylerinin Koronaviriis 2019 hastaligina (KOVID-19) bagl: oliim ile
bagimsiz iliskili olup olmadigint aragtirmaktir.
Y(fezeg 1;8 Retrospektif ve kesitsel tipte tanimlayici olarak tasarlanan bu calisma icin, 01 Kastm 2020 ile 31 Ocak 2021 tarihleri arasinda KOVID-19 tanisi konulmus toplam 175 hasta tarandi. Sonug
Gntemle

olarak, 137 uygun hasta ¢alismaya dahil edildi. Hasta verileri hastanenin elektronik kayitlarindan ve ulusal saglik bilgi bankasindan kaydedildi.

Bulgular  Calisma populasyonunun ortala yast 49.7 + 14.8 yil ve 88 (%64.2) hasta kadindi. KOVID-19 hastalarinda basvuru amnda olciilen YsTrop-I degerinin >21.6 pg/ml olmast mortaliteyi %86
duyarlilik ve %88 dzgiilliik ile Gngorme giiciine sahipti. Bagvuru aninda olgiilen CRP degerinin >80.8 mg/l olmas: mortaliteyi %86 duyarlilik ve %95 zgiilliik ile Gngorme giiciine sahipti.
Coklu analizde; bagvuru aninda 6lgiilen YsTrop-I (Risk orani (RO) 1.124,% 95 Giiven araligi (GA) 1.025-1.232; p=0.013) ve CRP (RO 1.060, %95 GA 1.021-1.100; p=0.002) KOVID-19
hastalarinda mortalitenin bagimsiz ongordiiriiciileriydi.

Sonu¢  Bagvuru aninda kolaylikla oliilebilen YsTrop-I ve CRP degerleri KOVID-19 hastaligina bagh mortalitenin bagimsiz ongordiiriiciisiidiir. Dolayistyla, YsTrop-I ve CRP, kitiilesebilme potansi-
yeline sahip hastalarin erken tespit edilmesinde ve saglik kaynaklarinin daha verimli kullanilmasinda doktorlara yardimct olabilir.
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INTRODUCTION
From December 2019, the coronavirus disease 2019 (Co-
vid-19) outbreak has become a major challenge for pub-
lic health. COVID-19 is caused by a novel coronavirus
known as severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2). The number of new cases continues
to increase and more than two million people died due to
COVID 19 pandemic to date.’* Data from studies and cli-
nical experiences around the world have focused on efforts
to determine the better treatment protocol and reduce the
mortality due to COVID-19. Several studies showed that
numareous biomarkers, such as C-reactive protein, D-di-
mer, leukocyte, procalcitonin, interleukin 10 and interleu-
kin 6 increase with the initiation and the progression of the
COVID-19.*¢ In a recent study, Zhang et al. showed that
D-dimer level on admission greater than 2.0ug/mL is a pre-
dictor of the in-hospital mortality of COVID-19.* Imam et
al. suggested that advanced age and increasing number of
co-morbidities including hypertension and chronic kidney
disease are independent predictors of in-hospital mortality
for COVID-19 patients.” On the other hand, during the
outbreak, high volume of new COVID-19 cases presenting
to hospitals above their capacities requires effective risk
stratification. New independent predictors of disease seve-
rity and the mortality of COVID-19 should be investigated
in order to make earlier triage and to help clinicians for ef-
fective treatment management. For this purpose, the pre-
sent study aimed to investigate the prognostic role of high
sensitive Troponin-I (HsTrop-I) and CRP levels measured

on admission in COVID-19 related mortality.

MATERIALS and METHODS
The present study is a single-center, cross-sectional, desc-
riptive and has a retrospective design. A total of 175 con-
secutive patients with confirmed COVID-19 from No-
vember 01, 2020 to January 31, 2021 were screened. The
patients under the age of 18, with systemic inflammatory
disease history, previous kidney and liver failure history,
with coronary artery disease history and with missing data

were excluded. Finally, 137 eligible patients were enrolled

in to the study (Figure 1).

The confirmed diagnosis of COVID-19 was defined as the
detection the presence of ribonucleic acid on the nasop-
haryngeal and oropharyngeal swab of severe acute respira-
tory syndrome coronavirus-2 by reverse transcriptase pol-
ymerase chain reaction in the Public Health Microbiology
Laboratory of the Ministry of Health according to Wor-
ld Health Organization guidance.® Nasopharyngeal and
oropharyngeal swab samples were collected at the time of
admission to the COVID-19 outpatient unit.

The demographics, comorbidities, initial routine labora-
tory results, treatment protocol and outcome data of pa-
tients were recorded from the electronic medical records
of Parkhayat Kutahya hospital and National health data re-
gistry (e-Nabiz®). In all patients, antecubital venous blood
samples for routine laboratory analysis were drawn upon
admission. Complete blood count, CRP, HsTrop-I, crea-
tinine, D-dimer, ferritin, lactate dehydrogenase (LDH),
alanine aminotransferase (ALT) and aspartate aminot-
ransferase (AST) were measured in central laboratories of

Parkhayat Kutahya hospital.

Complete blood count was measured with ELite 580 ad-
vanced hematology analyzer (Erba, Czech Republic).
C-reactive protein, lactate dehydrogenase (LDH), alanine
aminotransferase (ALT) and aspartate aminotransfera-
se (AST), creatinine, were measured by Beckman Coul-
ter AU 640 (Japan) analyzer. Ferritin and HsTrop-I were
measured by Beckman Coulter DXI 800 (Japan) analyzer.
D-dimer was determined with the Getein 1600 immunof-

luorescence quantitative analyzes (China).

Decision and the management of the treatment protocol
was left to the discretion of pandemic team consisting of
infection disease, radiology, chest disease, anesthesiology,
cardiology and internal medicine specialized medical do-
ctors and pharmacist in the light of updated guideline by
the Turkish Ministry of Health. Steroid therapy was defi-
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ned as up to 100 mg methylprednisolone or 8 mg dexamet-
hasone administration. High dose of steroid therapy was
defined as more than 250 mg methylprednisolone admi-
nistration for up to 5 days. The present study was approved
by the Kutahya Health Science University ethics commit-
tee (Date: 06.04.2021, Number: E-41997688-050.99-8877).
Continuous variables were tested for normal distribution
by the Kolmogorov-Smirnov test. The variables are expres-
sed as means * standard deviation or median (interquar-
tile range). The Receiver Operating Characteristics (ROC)
curve was used to demonstrate the sensitivity and specifi-
city of CRP and HsTrop-I their respective, optimal cut-off
value for predicting mortality in patients with COVID-19.
The effects of different variables on mortality due to CO-
VID-19 were calculated in univariate logistic regression
analysis for each. The variables for which the unadjusted P
value was <0.10 were identified as potential risk markers.
Therefore, age, CRP, HsTrop-I, ferritin, LDH and white
blood cell count (WBC) were included in the full model.
We reduced the model by using backward elimination
multivariate logistic regression analyses with backward se-
lection. All statistical analyses were performed using the
SPSS statistical package for Windows version 15.0 (SPSS
Inc., Chicago, IL, USA). P value <0.05 was considered as

significant and confidence interval (CI) was 95%.

RESULTS
There were 137 confirmed COVID-19 patients (mean age
49.7 + 14.8) in the present study. The 88 patients (64.2%)
were female. Baseline characteristics are shown in Table 1.
In the laboratory status on admission, the hemoglobin level
was 13.5 + 1.8 gr/dL, white blood cell count was 5.45 10°/
uL (4.05 - 6.08) and lymphocyte count was 1.51 + 0.56 10°/
uL. Serum level of CRP was 5.30 (2.06 - 18.35) mg/L, HsT-
rop-I was 17.90 (17.10 - 19.25) pg/ml and D-dimer was
170 ng/ml (104.7 — 463.0) on admission. Serum levels of
other biochemical parameters were shown in Table 1. Gre-
ater proportion of patients was on favipiravir (83.2%) ch-
loroquine/hydroxychloroquine treatment (70.8%), while

only 44 patients were on azithromycin treatment (32.1%).

Steroid therapy required in only 17 patients (12.4%) and
62 patients (45.3%) were on low molecular weight hepa-
rin treatment. High dose of steroid and tocalizumab were
administered for only 3 (2.2%) and 6 (4.4%) patients in
intensive care unit, respectively. With respect to previous
comorbidities, 27 of patients had hypertension (19.7%), 18
of patients had diabetes mellitus (13.1%) and 9 of patients

had chronic obstructive pulmonary disease (6.6%).

Table 1. Baseline characteristics

n=137

497+ 1438
88 (64.2%)
109 (79.6%) / 28 (20.4%)

Age, year

Female, n (%)

Outpatient follow-up/Hospitalization, n (%)

Hospital stay, day 8.5+3.7
Mortality, n (%) 7 (5.1%)
Laboratory findings

Hemoglobin, gr/dL 13.5£1.8

White blood cell, 10°/uL 5.45 (4.05 - 6.08)

Lymphocyte, 10°/uL 1.51 £0.56

C-reactive protein, mg/l 5.30 (2.06 - 18.35)

High sensitive troponin-I, pg/ml 17.90 (17.10 - 19.25)

D-Dimer, ng/ml 170.0 (104.7 - 463.0)

50.0 (25.4 - 120.9)
159.0 (120.0 - 204.0)
0.93 (0.80 - 1.10)
21.0 (15.0 - 39.0)
26.0 (21.0 - 36.0)

Ferritin, ng/ml

Lactate dehydrogenase, U/L

Creatinine, mg/dL

Alanine aminotransferase, U/L

Aspartate aminotransferase, U/L

Medications
Favipiravir, n (%) 114 (83.2%)
Chloroquine/hydroxychloroquine, n (%) 97 (70.8%)

Azithromycin, n (%) 44 (32.1%)

62 (45.3%)

Anti-coagulant use, n (%)

Steroid, n (%) 17 (12.4%)

High dose of steroid, n (%) 3(2.2%)

Tocilizumab, n (%) 6 (4.4%)
Previous medical history

Hypertension, n (%) 27 (19.7%)

Diabetes Mellitus, n (%) 18 (13.1%)

Chronic obstructive pulmonary disease, n (%) 9 (6.6%)

The ROC curves of HsTrop-I and CRP for predicting mor-
tality are shown in Figure 2. A HsTrop-I level > 21.6 pg/

ml measured on admission had a 86% sensitivity and 88%
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specificity in predicting mortality (p<0.001). The CRP le-
vel 280.8 mg/l on admission predicted mortality with 86%
sensitivity and 95% specificity in patients with COVID-19
(p<0.001).

I 175 cases screened for the study

38 patients excluded
Noavailable HeTrop-1 and CRP levels
Patientsvith missing medicalinformation
Non-confimed cases

Brevious cardiovascular disease history

I 137 confirmed COVID-19 cases

|

109 cases followed-up
in outpatient unit

28 cases hospitalized | —_— | 7 cases died

Figure 1. Study diagram
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Figure 2. The receiver-operating characteristic curve of high
sensitive troponin for predicting mortality in patients with
COVID-19.

In the baseline characteristics and laboratory findings on
admission of the patients; some of variables that can be
effective on mortality were seen in some of patients. So, the
effects of multiple variables on the mortality analyzed with
univariate and multivariate logistic regression analyses
(Table 2 and Table 3, respectively). The variables for whi-
ch the unadjusted p value was <0.10 in univariate analysis
were identified as potential risk markers for mortality and
included in the full model for the evaluation of indepen-
dency. Age, CRP, HsTrop-1, ferritin, LDH, WBC count and
previous chronic obstructive pulmonary disease history
were analyzed with multivariate logistic regression model.

After multivariable adjustment, HsTrop-I (odds ratio (OR)

1.124, 95% confidence interval (CI) 1.025-1.232; p=0.013)
and CRP (OR 1.060, 95% CI 1.021-1.100; p=0.002) on ad-
mission were still independent predictors of mortality in
patients with COVID-19 (Table 3).

Table 2. Univariate logistic regression analysis on the risk factors
associated with mortality in COVID-19 patients

Odds | 95% Confidence

ratio interval p value
Age 1.140 1.055-1.233 0.001
Female 2.519 0.240 - 11.747 0.240
C-reactive protein 1.050 1.025 - 1.075 <0.001
D-Dimer 1.000 1.000 - 1.001 0.183
High sensitive troponin-I | 1.102 1.047 - 1.159 <0.001
Ferritin 1.002 1.000 - 1.004 0.030
Lactate dehydrogenase 1.010 1.002 - 1.012 0.010
Hemoglobin 0.770 0.496 - 1.194 0.242
White blood cell 1.521 1.168 - 1.980 0.002
Lymphocyte 0.705 0.167 - 2.975 0.634
Hypertension 1.680 0.308 - 9.167 0.549
Diabetes Mellitus 0.001 0.001 - 1.000 0.998
Eﬁﬁﬁﬁ?sﬁﬁﬁf 7.029 | 1.153-42.864 | 0.035

Table 3. Multivariate logistic regression analysis on the risk fac-
tors associated with mortality in COVID-19 patients

Odds | 95% Confidence
. . p value

ratio interval
Age 1.062 0.939 - 1.202 0.336
C-reactive protein 1.060 1.021 - 1.100 0.002
High sensitive troponin-I | 1.124 1.025-1.232 0.013
Ferritin 1.000 0.991 - 1.008 0.925
Lactate dehydrogenase 0.991 0.980 - 1.002 0.097
White blood cell 1.054 0.722 - 1.539 0.785
Chronic obstructive 1560 | 0.022-108.918 | 0.837
pulmonary disease

DISCUSSION

As of March 2021, there have been more that 110,000,000
of COVID-19 globally,
2,527,891 deaths, reported by World Health Organizati-
on (WHO).! Up to present, it has not been defined dise-

confirmed cases including

ase-specific treatment, yet. However, some vaccines have

been approved for use authorization. Confirmed mutant
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viruses showed that the storm has not started to subside
yet. With the COVID-19 outbreak, very high volume of pa-
tients had to admit to hospital in a short time. It is overw-
helms for the health professionals and hospital capabilities.
In addition, critical care support effectiveness for severe
disease may decrease. Since the pandemic started, publis-
hed data focused on to determine the optimal treatment
protocol to reduce the mortality rate in COVID-19. Recent
studies also focused on the determination of independent
predictors of mortality in patients with COVID-19 for the
risk stratification. For this purpose, the present study was
designed to evaluate the independent relation of HsTrop-I
and CRP levels on admission with mortality in COVID-19

patients.

Inflammatory process is a well established issue in CO-
VID-19. Various studies that published during the outbre-
ak showed the independent relation of CRP with the mor-
tality in patients with COVID-19.55%!° The present study
confirmed the previous studies and showed that CRP level
on admission is independently associated with mortality
in COVID-19. With the growing understanding the rela-
tion of SARS-CoV-2 and cardiovascular system, studies
focused on the myocardial involvement in patients with
COVID-19.""" Recently, Shah et al. conducted a study to
test the prognostic value of troponin-I to predict the wor-
se outcomes in hospitalized patients with COVID-19."
However, they did not test the relation of numerical value
of troponin-I level with the outcomes. They tested the re-
lation of presence of cardiac injury as a categorical variable
according to the highest values of ¢TnlI for the analysis du-
ring hospitalization. The patients with the previous cardi-
ovascular disease history were also enrolled in to the study.
Therefore, it seems that the study population consisted
from high risk COVID-19 patients. In the present study,
patients with previous cardiovascular disease history were
excluded. Study population was consisted from unselected
consecutive patients. Therefore the results of our study ref-
lect the real world scenario. In another study that conduc-

ted by Shi et al., cardiac injury was seen in the 19.7% of pa-

tients with COVID-19.'2 They enrolled 416 patients in to
the study and they divided the study population into two
groups whether the presence of cardiac injury (defined
as the higher levels of HsTrop-I than the 99th percentile
upper reference limit) or not. They demonstrated that the
presence of cardiac injury is independently associated with
the mortality in patients with COVID-19. In the present
study, patients were not categorized according to referen-
ces limit of HsTrop-I levels. HsTrop-I levels itself on ad-
mission, as a continues variable, independently associated

with mortality in patients with COVID-19.

Cardiac involvement is a certain issue in COVID-19, but
the exact mechanism of action is still controversial.'>!413
Studies suggest that several mechanisms are responsible
for the cardiac involvement in COVID-19. One possible
mechanism is the direct effect of the SARS-CoV-2. The
angiotensin converting enzyme 2 (ACE2) receptors that
are also the entry receptor of SARS-CoV-2 are highly exp-
ressed in the heart.!*'* Therefore, it is rationale to suggest
that the cardiac injury and the increase of troponin-I levels
in COVID-19 may result from the direct effects of the vi-
rus itself via causing infectious myocarditis.’>* In a case
report, doctor Alhogbani demonstrated that Middle east
respiratory syndrome coronavirus causes acute myocar-
ditis.” Second, the hypercoagulation state due to pro-inf-
lammatory response and hypoxia may lead the occlusive
micro-thrombus formations in coronary arteries in pa-
tients with COVID-19. Third, as seen in type 2 myocardial
infarction, increased oxygen demand or decreased oxygen
supply may lead to myocardial injury in COVID-19 pa-
tients.?” As stated before, the exact mechanism of myocar-
dial injury is not fully elucidated yet. It can be speculate
that the direct effect of SARS-CoV-2 infection in myocar-
dium can be responsible for cardiac involvement in the
early phase of COVID-19, while microthrombus formati-
on that the results of prothrombotic system activation and
type 2 myocardial infarction can be responsible for cardiac
involvement in the late phase of COVID-19. Therefore, it

is clearly known that further evidence need to clarify the
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exact mechanism of the myocardial injury in patients with
COVID-19.

The main limitation of the present study is the retrospe-
ctive fashion. Because of high infectivity of SARS-CoV-2
and logistical limitations, procedures like echocardiograp-
hy and electrocardiography were avoided when they did
not contribute to treatment protocol. The detailed immu-
nologic evaluation with the cytokine levels could provide
a better understand of the mechanism of cardiac involve-
ment in COVID-19. The other limitation of the present
study was being a single-center experience and represents
a small number of patients. However, our study populati-
on contains homogeneous unselected COVID-19 patients,

therefore mirroring the real world scenario.

In conclusion; it was demonstrated that HsTrop-I and CRP
levels on admission are independent predictors of morta-
lity in patients with COVID-19. Accordingly, HsTrop-I
and CRP levels which are easily measurable laboratory
data can be used as a prognostic factor. The clinical impli-
cation of the present study is that HsTrop-I and CRP levels
on admission could help to physicians for the risk stratifi-
cation to determine and manage the treatment protocol.
The risk stratification could also lead to earlier triage of the
potentially worsen patients and the effective use of health
resources. Further prospective studies should be planned
in order to clarify the exact mechanism of cardiac injury
and to confirm the relation of HsTrop-I and mortality in
patients with COVID-19.
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