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1 | INTRODUCTION

It is now well known that myocardial injury is also one
of the important pathogenic features of the coronavirus
disease 2019 (COVID-19).! The exact mechanisms of how
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) can cause myocardial injury are not clearly under-
stood. Most data suggest that the angiotensin-converting
enzyme 2 (ACE2), the main receptor for SARS-CoV-2
invasion into cells, is widely present throughout the car-
diovascular system.>® Theoretically, the virus may in-
vade cardiac muscle cells through this receptor and cause
myocardial injury, leading to cardiomyopathy, cardiac
dysfunction and heart failure. The proposed mechanisms
of myocardial injury include direct damage to the cardio-
myocytes, systemic inflammation, myocardial interstitial
fibrosis, interferon-mediated immune response, exagger-
ated cytokine response by T cells, coronary plaque desta-
bilisation and hypoxia.*® Myocardial injury has been
reported to be associated with increased mortality in hos-
pitalised patients with COVID-19.”® Therefore, it is nec-
essary to detect potential myocardial injury in COVID-19
patients as early as possible. There have been several
reports on myocardial injury in COVID-19 patients on
admission, but the cause and risk factors for myocardial
injury are variable.”'° Understanding the risk factors for
myocardial injury in COVID-19 patients may enable clini-
cians to improve treatment strategies and thereby reduce
mortality rate.

We analysed clinical data, myocardial injury-related
biochemical indicators and electrocardiographic findings
of 325 COVID-19 patients who were hospitalised in our
centre to explore the characteristics and risk factors of
myocardial injury on admission.

2 | METHODS

2.1 | Study participants
This retrospective study included COVID-19 patients hos-
pitalised at the Shanghai Public Health Clinical Centre,
between 20 January and 26 February 2020. All cases of
COVID-19 were diagnosed on the basis of a positive result
on real-time reverse transcription polymerase chain reac-
tion (RT-PCR) assay of nasopharyngeal swab specimens.""
Myocardial injury was defined by the presence of
at least one of the following criteria’®; blood levels of
cardiac-related biomarkers (myocardial calcium protein
I [TNI] or creatine kinase isoenzyme [CK-MB]) higher
than the upper reference limit of the normal value (ULN)
of the 99th percentile; and electrocardiographic (ECG)
abnormalities on admission, including supraventricular
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Policy Impact

It had been confirmed that myocardial injury was
related to the mortality of COVID-19 infection.
Our study showed that older age was an inde-
pendent risk factor for myocardial injury in those
infected people. In community and hospital insti-
tutions, physicians need to pay more attention to
myocardial injury in the older patients.

Practice Impact

Current research indicates that the older patients
with COVID-19 are more susceptible to develop
to severe disease, wherein with myocardial injury
confers a higher mortality risk. Older age was as-
sociated with a higher incidence of myocardial
injury in COVID-19 patients. We suggest it would
be beneficial to detect and prevent myocardial in-
jury through monitoring the biochemical markers
or ECG abnormality of COVID-19 patients, espe-
cially in patients with comorbidities such as hy-
pertension, a low lymphocyte level, high D-dimer
level and critical diseases. During the treatment,
the dynamic changes in myocardial injury-related
indicators and electrocardiograms need to be
monitored.

tachycardia, ventricular tachycardia, atrial fibrillation,
ventricular fibrillation, bundle branch block, ST-segment
elevation/depression, T-wave flattening/inversion and
QT-interval prolongation. Based on the presence of pre-
defined criteria of myocardial injury, the 325 patients
were classified into two groups: Group 1 with myocardial
injury (n = 177) and Group 2 without myocardial injury
(n = 148).

2.2 | Clinical and laboratory data

For our study, two clinicians reviewed the electronic
medical records and collated information on demograph-
ics, medical history, clinical symptoms, laboratory find-
ings and ECG reports. The results of routine blood tests
(eg white blood cell count [WBC] and lymphocyte count
[LYM]) as well as those of myocardial injury-related bio-
chemical parameters (eg creatine kinase [CK], CK-MB,
TNI, myoglobin, N-terminal pro-B-type natriuretic pep-
tide [pro-BNP], D-dimer, high-sensitivity C-reactive pro-
tein [hs-CRP] and estimated glomerular filtration rate
[eGFR]) were collected. All ECGs were conducted at the
bedside on the first day of hospitalisation.
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Fever was defined as a recorded axillary temperature of
at least 37.3°C. The duration of illness onset was defined
as the interval from the occurrence of clinical symptoms
to hospitalisation.

2.3 | Statistical analysis

Continuous and categorical variables were presented
as the median (interquartile range [IQR]) and n (%), re-
spectively. The Mann-Whitney U test, chi-squared test
or Fisher's exact test was used to compare differences be-
tween the Groups 1 and 2. To identify the risk factors of
myocardial injury, Spearman correlation analysis and bi-
nary logistic regression analysis were used. Differences in
values between tested groups were regarded as significant
at a value of P < 0.05. Data were analysed by using SPSS,
version 25.0 (IBM SPSS).

2.4 | Ethical statement

This study was approved by the Ethics Committee of
Shanghai Public Health Clinical Centre and has therefore
been performed in accordance with the ethical standards
laid down in an appropriate version of the Declaration of
Helsinki (as revised in Brazil 2013). The need for written
informed consent was waived in view of the retrospective
study design and the urgent need to collect data on a bur-
geoning pandemic.

3 | RESULTS

Of the 325 COVID-19 patients, 26 (8%) cases were criti-
cally ill. There were 168 (51.7%) males, and the median
age of the patients was 51 (range 15-88) years. The me-
dian duration to onset was 4 days (IQR 3-7 days), and the
median hospitalisation duration was 15 days (IQR 11-
21 days). The median duration until the pharyngeal swab
nucleic acid test result turned negative was 12 days (IQR
8-17 days).

3.1 | Demographic characteristics

The proportion of male patients, onset days, hospital stays
and days for the pharyngeal swab nucleic acid test to turn
negative were similar in both groups. The median age
(56 years) in the myocardial injury group was significantly
higher than that (42.5 years) in the without myocardial in-
jury group (P = 0.000 [<0.01]). The proportion of severely
ill patients in the myocardial injury group was 14.9% (22

of 177), which was significantly higher than that in the
without myocardial injury group (2.7%; 4 of 148; P = 0.047
[<0.05]). The 177 patients with myocardial injury com-
prised a higher proportion of individuals with comorbidi-
ties (45.8% [81 of 177] vs 28.4% [42 of 148]; P < 0.01), of
which hypertension (28.2% [50 of 177] vs 13.5% [20 of
148]; P < 0.01) and a history of angiotensin-converting
enzyme inhibitor (ACEI) or angiotensin receptor blocker
(ARB) use (13.0% [23 of 177] vs 5.4% [8 of 148]; P < 0.01).
However, there were no significant intergroup differences
in the proportion of other comorbidities including coro-
nary heart disease, diabetes, chronic kidney disease, other
diseases, history of smoking, history of alcohol intake
and the proportion of patients with fever and respiratory
symptoms (Table 1).

3.2 | Baseline clinical laboratory data

The myocardial injury-related biochemical parameters
(eg CK, CK-MB, TNI, MYO and pro-BNP) and patient
characteristics were shown in Table 1. Among the 325 pa-
tients with COVID-19, 177 (54.5%) had myocardial injury,
of which 95 (29.2%) showed abnormal levels of markers
(TNI or CK-MB>ULN); 5 (1.5%) had markers (TNI and
CK-MB) that exceeded the ULN. In total, 126 (38.8%) pa-
tients had abnormal ECG findings, of which 60 patients
(18.5%) showed arrhythmia, 80 patients (24.6%) showed
ST-T abnormalities, and 17 patients (5.2%) had both ar-
rhythmia and ST-T abnormalities. The levels of WBC, hs-
CRP and eGFR were not significantly different between
the two groups. The levels of LYM in the Group 1 (median:
1.07 x 10°/L; IQR 0.75-1.40 x 10°/L) were significantly
lower than those in the Group 2 (median: 1.21 x 10°/L;
IQR 0.93 x 10°/L, 1.59 x 10°/L; z = —3.117, P = 0.002);
however, the levels of D-dimer in the Group 1 (median:
0.45 gu/L; IQR 0.33-0.79 gu/L) were significantly higher
than those in the Group 2 (median: 0.37 gu/L; IQR 0.24-
0.60 gu/L; z = —3.391, P = 0.001; Figure 1 and Table 2).

3.3 | Correlation and regression
analyses of myocardial injury in COVID-19
patients on admission

Correlation analysis showed that early myocardial injury
in COVID-19 patients correlated with seven factors: age,
hypertension, history of ACEI/ARB use, critical illness,
LYM, D-dimer level and comorbidities. The remaining
factors on admission did not influence the development of
myocardial injury in COVID-19 patients. Binary logistic
regression analysis revealed that age was the only inde-
pendent risk factor for myocardial injury on admission



e53

Australasian Journal on Ageing —~-W ] LEY:

MEI ET AL.

*9)el UONBN [ JE[NISWO[S POJRUINS Y I ‘19300[q 103da0a1 [T UISudjoISue ‘Y V ‘10J1qIYUl SWAZUS SUNISAU0I-UISU)OISUE TV I10JedIpUI SIY) 03 d[qedrjdde jou st eyep oy} ¢/ :SUONBIAIqQY
*SISA[eUE UOIB[OLI0D
uewreads £q POALIOP SeM JUSIONFO0d Uoe[aLIo)) oy [, "ajeridordde se 1sa) J0exo S ISUSL 10 1S9} Parenbs-1yd 189} 1) LAWY -UUEIA 31} AQ PIIB[NOTED dIdM SIN[BA-J (%) U I0 (YOT) ULIPIW St PIssaIdxa a1om eje( :aJoN

aATyESOU pauIn) qems Y}

/ Te0— TEL0 (-8t (91-8)ct1 (Lr-g)ct JO s)[Msa1 3s9) PIoe ddoNU [Hun sfeq
/ LEL'O— 9%°0 (S8°0£1-00°86) SE"ETT (TT°8TI-1L'S6) SL'60T (S¥6TT-ST'L6) bTTIT (pueL T/utw/Tur) Y499
T61°0 16€°¢— 100°0 (09°0-+°0) LEO (6L°0-€€°0) S¥'0 (9L°0-62°0) £¥°0 (1/30) owIp-a1
(1/8ux)
/ $08'T— 1L0°0 (8%'CT-0T't) S8°0T (0T'8€-66€) SL'P1 (0£°1€-90) ST'CT ura3o1d 9A1ORAI-D ANARISUSS-YSIH
ELTO-  LIT'E— 2000 (6S°1-€60) TT'T (0V'1-SL°0) LO'T (6v'1-08°0) TT'T (1/,0TX) 3unoo s3ko0ydwid
/ 6LT°0— 08L°0 (86'S-¥0'7) S8 (L6'S-86'E) L' (L6'S-001) €8'F (1/,0T) 3UN02 1[33 POO[q NTYA
3893 do10[01eWR
/ 90L T~ 880°0 (Tt v1 (cz-er) 9t (Te-11) ST Leys Teyrdsoy jo yiSuay
/ SET— 9LT°0 (sL90)v (sL-©)s L9y J9SUO SSaU[[t dduls skeq
6210  08€'S 0200 (%¥'S) 8 (%0°€T) €T (%S°6) T€ oSN GYV/THOV JO A10ISTH
/ 1L0°0 06L°0 (%9°19) 601 (%1°09) 68 (%6'09) 86T swojdwifs L1oreirdsoy
/ 200°0 896°0 (%T°08) TrT (%¥08) 61T (%€°08) 19T (Do€°LEZ 21MyBI2dUId)) TOAD]
swojdwAs uowuwod [enuy
/ 0000 L86°0 (%T¥1) 1T (%T¥1) ST (%TY1) 9% SISBASIP 1910
/ €6S°0 »r1)C (%90) 1 (%6°0) € aseasIp Aduply dIUOIYD
/ S8¢'T 6€7°0 (%¥€) s (%T'9) 11 (%6'%) 91 9SBISIp 1183 ATEUOIOD
/ vLT'E SLO0 (%1%)9 (%0'6) 91 (%89) TC sajeqerq
6L1°0 95€°01 100°0 (%S°€1) 0T (%T°82) 0S (%S$°12) OL uorsuaadAH
6L1°0 95€°0T 100°0 (%¥'82) T (%8'st) 18 (%8'L€) €TT Kyprgrowro)
/ 95t°0 00S°0 (%8'8) €1 (%89) Tl (%L'L) ST o¥E)UI [0Y0IE JO AI0ISTH
/ 8LLO 8LE0 (%8'8) €1 (%T9) 11 %¥'L) T Supyows jo K101STH
01T°0 676°¢ L¥0°0 BLD Y (%¥T1) 2T (%8) 9T SSQUI[I 919493
€¥T0 S9Ep— 0000 (09-s'T) S'ev (99-8¢€) 95 (#9-9¢) 1§ s1eak 93V
/ TIro LELO (%L°0S) SL (%S°TS) €6 (%L'15) 891 (orW) X33
SONISLIv1deIeYDd [BIIUI[D pue mo_smmuwoaoﬂ
JUSIOLJI0D anfea anea-4 (8vT = u ‘Amfur (L1 = u ‘Amfur (Sz€ = u) re1o0, Xopup
UOTJB[ILI0) X1z [eIpIesoAw JnoyIm) ¢ dnoin [erpresoAw (am) 1 dnoin

UoISSTWpE Jo awm) ay) Je syuaned jo sgurpury A103eIoqe] pue [eorurpd ‘soryderSowaq T A TIV.L



e54 N .
W] LE Y- Australasian Journal on Ageing

MEI ET AL.

16

FIGURE 1 Manifestations of myocardial injury in 325 patients
with COVID-19

after adjusting all confounding factors (odds ratio [OR]
1.019 [95% CI 1.003-1.036]; Tables 1 and 3).

4 | DISCUSSION

In this study, we found that there were 54.5% COVID-19
patients with biochemical markers or ECG abnormali-
ties indicative of myocardial injury but without acute
myocardial infarction on admission. Seven factors were
associated with myocardial injury in COVID-19 patients
on admission; however, only age was an independent risk
factor.

The mean levels of biochemical indicators related
to myocardial injury, including CK, CK-MB, TNI, MYO
and pro-BNP, did not exceed the ULN by more than
twofold, showed a mild degree of myocardial injury in
COVID-19 patients on admission. This revealed that, in
the early stages of infection, the virus itself had less effect
on myocardial injury. As in previous reports, we found
that the proportion of patients with TNI>ULN was the
highest (24.9%, n = 81); among all abnormal biochemical

indicators for myocardial injury, the TNI was likely to
be a greater predictor of detection or early exclusion of
myocardial injury in COVID-19." The highest CK value
of 8450 U/L in our study was an extreme value in one
patient whose ECG findings were normal, and the TNI
did not increase. Thus, we did not consider the cause of
the highest CK was myocardial injury and distinguished
it from the diagnoses of rhabdomyolysis and myosi-
tis. Furthermore, 23 patients had pro-BNP levels that
exceeded the ULN, with a maximum value of 2224 pg/
mL. These patients were considered to be at risk of heart
failure, and related makers should be closely monitored
during treatment.

As noted above, there were 177 (54.5%) patients with
biochemical markers or ECG abnormalities indicative of
myocardial injury but without acute myocardial infarc-
tion. Therefore, the proportion (54.5%) of patients with
myocardial injury was significantly higher than that re-
ported in other studies.'® The myocardial injury group
comprised a higher proportion of patients with abnormal
ECG findings than that of patients with abnormal levels
of biochemical markers (TNI or CK-MB>ULN; 38.8% vs.
29.2%). If clinicians only rely on abnormal biochemical
indicators to diagnose myocardial injury, it may lead to
a missed diagnosis. Elsaid et al had reported the case of
a 55-year-old patient with ventricular fibrillation and QT
prolongation but without abnormal TNI, which was due
to the SARS-CoV-2 infection alone and not due to the drug
treatment.'® Several studies have indicated that arrhyth-
mia is the most common manifestations of ECG abnor-
malities; however, in our study, we found the proportion
of ST-T segment abnormalities (n = 80, 24.6%) was higher
than that of arrhythmia (n = 60, 18.5%). These nonspecific
ECG changes may be associated with hypoxia and fever.

To explore the cause of the myocardial injury, we
analysed the baseline data, especially the demographic,
complications and severity of illness. The rate of severe
illness was 8% in our study, which was considerably
lower than that in Hubei and most other parts of China."
Furthermore, the incidence of severe illness in the myo-
cardial injury group was significantly higher than that of
the group without myocardial injury, and all death cases
(n = 7) were in the myocardial injury group, similar to
the results of previous research.'® Based on the dominant

TABLE 2 Characteristics of baseline cardiac-related biochemical indicators in 325 patients with COVID-19

CK, U/L CK-MB, U/L
Mean + SD 170.31 + 521.32 14.40 + 12.02
Median (range) 84 (23-8450) 12.39 (6.08-189.49)

0.021 (0.002-0.896)

pro-BNP, pg/
TNI, ng/mL MYO, ng/mL mL
0.036 + 0.611 21.14 £ 55.56 102.30 + 226.41

6.71 (0.33-492.60) 37.44 (5.18-2224)

Note: Upper limit of the normal range (ULN) for: creatine kinase (CK) = 168 U/L; creatine kinase isoenzyme (CK-MB) = 24 U/L; myocardial calcium protein I
(TNI) = 0.04 ng/mL; myoglobin (MYO) = 48.8 ng/mL; N-terminal pro-B-type natriuretic peptide (BNP) = 250 pg/mL.
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of risk factors in patients with myocardial ek

o p Y Risk factors SE Wald  P-value OR CI)

injury
Age 0.008 5.229 0.022 1.019 1.003-1.036
Severe illness 0.525 1.264 0.261 0.554 0.198-1.551
Comorbidity 0.330 0.555 0.456 0.782 0.410-1.493
Hypertension 0.460 0.443 0.506 0.736 0.299-1.815
History of ACEI/ARB use 0.564 0.317 0.573 0.728 0.241-2.198
D-dimer 0.083 0.055 0.814 0.981 0.834-1.154
Lymphocytes counts 0.220 3.503 0.061 0.662 0.430-1.020

P-value showed in bold values was statistically significant (P < 0.05).

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI,
confidence interval; OR, odds ratio; SE, standard error.

role of the ACE2 receptor in SARS-CoV-2 infection,
previous studies speculated that the renin-angiotensin-
aldosterone system (RAAS) inhibitor (ACEI/ARB) can
play long-term cardioprotective effects on COVID-19 pa-
tients.'> However, it was strange that more patients in
our myocardial injury group took ACEI/ARB, which was
attributable to the fact that more patients in that group
had hypertension and complications. Indeed, until now
there is no clear basis to prove the risk and benefit for
the use of these drugs in COVID-19 patients with hyper-
tension. However, coronary heart disease and diabetes
were apparently unrelated to the myocardial injury in
our study, which is different from the results reported in
previous studies.'® Although more than 80% of patients
had fever and 60% had respiratory symptoms, these
symptoms were not associated with myocardial injury.
Laboratory blood test results showed that the median
WBC level of all patients was 4.83 x 10°/L, which was
closer to the normal lower limit of the reference value,
and there was no significant difference between the two
groups, suggesting that the patients in our research were
mainly only infected with SARS-CoV-2 on admission and
did not have signs of bacterial infection. Furthermore,
patients with low lymphocyte counts were found to be
more likely to have myocardial injury on admission.
Consequently, we speculated that the SARS-CoV-2 in-
fection was related to myocardial injury on admission.
Unfortunately, the quantitative results of SARS-CoV-2
RNA in the peripheral blood samples of patients at the
time of admission could not be collected, and therefore,
the correlation could not be directly analysed. The patho-
logical anatomical data from COVID-19 patients showed
thromboses in the arteries, veins and even in the micro-
circulation. Intravascular thrombosis is likely to lead to
myocardial injury or even acute myocardial infarction.
During the epidemic period, patients often did not re-
ceive early intervention, leading to death.'” Our study
also confirmed that the D-dimer level in patients with
severe COVID-19 was significantly increased.'® Some

researchers have speculated that the viral receptor ACE2
protein exists on vascular endothelial cells. Following
the destruction of these vascular endothelial cells by the
virus, intravascular coagulation would occur in various
organ systems in the body, including the cardiovascular
system. This mechanism may explain why COVID-19
patients with myocardial injury had significantly higher
levels of D-dimer than patients without myocardial in-
jury in this study. Finally, we indicated that age, critical
illness, comorbidities, hypertension, history of ACEI/
ARB use, higher D-dimer level and lower LYM levels
on admission were associated with myocardial injury
in COVID-19 patients, similar to the results of previous
studies; however, only age was an independent risk fac-
tor for myocardial injury.

In conclusion, the prevalence of biochemical mark-
ers or ECG abnormalities in COVID-19 patients was
as high as 50%. Older age was associated with a higher
incidence of myocardial injury for COVID-19 patients.
If the age increased by 1 year, then the risk of myocar-
dial injury increased by 1.9%. We suggest that it would
be beneficial to detect and prevent myocardial injury
through monitoring the biochemical markers or ECG
abnormalities in COVID-19 patients, especially in pa-
tients with comorbidities such as hypertension, low
lymphocyte level, high D-dimer level, and critical dis-
eases. During the COVID-19 pandemic, delays in seek-
ing medical care and revascularisation for patients with
acute myocardial infarction are common. There is a
very urgent need to undertake early ambulatory treat-
ment for those COVID-19 patients with myocardial in-
jury, which would reduce the length of hospitalisation
and the mortality rate.”

There were some limitations to this study. First, this
study comprised only a retrospective analysis of data
from a single centre in Shanghai, China. Second, the
echocardiogram reports of all patients were not collected;
therefore, the patient's cardiac condition could not be ob-
jectively and comprehensively evaluated, which has an
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impact on the statistical results. Moreover, the limitations
would impact the generalisability of the results to other
populations because of the selection bias inherent in this
type of an analysis.

5 | CONCLUSIONS

The specific mechanism of myocardial injury in COVID-19
patients is unclear. It is necessary to conduct basic ex-
periments and prospective, in-depth, multicentre, large-
sample analyses of the findings from dynamic biochemical
indicators, ECG, and echocardiography related to myocar-
dial injury in COVID-19 patients to validate the prelimi-
nary findings of this research and develop individualised
treatment plans by disease severity. In our study, the
proportion of critically ill patients was lower than that in
severe epidemic areas,'' whereas the incidence of myo-
cardial injury was higher than that of the previously re-
ported. This may be related to the national and regional
epidemic control measures and medical economic condi-
tions. Shanghai, as an international city, has comprehen-
sive inspection means and can quickly screen out patients
with abnormal indicators for treatment. Infected patients
are generally diagnosed early, which reduces the overall
mortality.
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