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Abstract

Backgroud: The association between underlying comorbidities and cardiac injury and

the prognosis in coronavirus disease 2019 (COVID-19) patients was assessed in this

study.

Hypothesis: The underlying comorbidities and cardiac injury may be associated with

the prognosis in COVID-19 patients.

Methods: A systematic search was conducted in PubMed, EMBASE, Web of science,

and The Cochrane library from December 2019 to July 2020. The odds ratio

(OR) and 95% confidence intervals (95% CI) were used to estimate the probability of

comorbidities and cardiac injury in COVID-19 patients with or without severe type,

or in survivors vs nonsurvivors of COVID-19 patients.

Results: A total of 124 studies were included in this analysis. A higher risk for sever-

ity was observed in COVID-19 patients with comorbidities. The pooled result in

patients with hypertension (OR 2.57, 95% CI: 2.12-3.11), diabetes (OR 2.54, 95% CI:

1.89-3.41), cardiovascular diseases (OR 3.86, 95% CI: 2.70-5.52), chronic obstractive

pulmonary disease (OR 2.71, 95% CI: 1.98-3.70), chronic kidney disease (OR 2.20,

95% CI: 1.27-3.80), and cancer (OR 2.42, 95% CI: 1.81-3.22) respectively. All the

comorbidities presented a higher risk of mortality. Moreover, the prevalence of acute

cardiac injury is higher in severe group than in nonsevere group, and acute cardiac

injury is associated with an increased risk for in-hospital mortality.

Conclusion: Comorbidities and acute cardiac injury are closely associated with poor

prognosis in COVID-19 patients. It is necessary to continuously monitor related clini-

cal indicators of organs injury and concern comorbidities in COVID-19 patients.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) has emerged as a global pan-

demic and a public health event of widespread concern.1-5 To date,

more than 3.4 million individuals worldwide with confirmed COVID-

19, of whom more than 200 000 have lost their lives. The higher inci-

dence of comorbidities in COVID-19 patients, including hypertension,

diabetes and cardiovascular disease et al, was reported in recent ret-

rospective studies. Cardiovascular metabolic comorbidities may be a

risk factor for poor prognosis. In addition, COVID-19 patients have

different degrees of myocardial damage in addition to respiratory

symptoms, especially in critically ill patients.

Huang et al.6 first reported that 32% of the cases had comorbidities,

8% developed myocardial injury, and the mortality rate as high as 15% in

41 confirmed patients. The study of Yang et al.7 indicated that elderly

critically ill patients (> 65 years old) with comorbidities and acute respira-

tory distress syndrome (ARDS) are at higher risk of death. In addition,

Guo T et al8 and Shi et al.9 reported that COVID-19 patients with myo-

cardial injury had a significantly higher mortality rate than patients with-

out myocardial injury. Given the worldwide pandemic of this infectious

disease, it is necessary to identify the risk factors associated with

increased risk of in-hospital mortality in COVID-19 patients. Although,

some clinical case series studies demonstrated that comorbidities includ-

ing hypertension, diabetes, and cardiovascular diseases (CVD), chronic

obstractive pulmonary disease (COPD), chronic kidney disease (CKD), and

cancer may be predictors for the poor prognosis in COVID-19 patients,

the number of enrolled patients was limited, and potential confounding

factors were not excluded, so it still needs to be further confirmed. In this

study, we conducted a systematic review of available studies to assess

the association between underlying comorbidities and acute cardiac injury

and the severity or the prognosis in COVID-19 patients.

2 | METHODS

2.1 | Search strategy and study selection

We conducted systematic retrieval in PubMed, EMBASE (by Ovidsp),

Web of Science and The Cochrane Library from December 2019 to July

2020. The free keywords included “comorbidities”, “hypertension”, “dia-

betes”, “cardiovascular disease”, “cardiac injury”, “chronic obstractive pul-

monary disease”, “chronic kidney disease”, “cancer”, “novel coronavirus

pneumonia”, “COVID-19”, “2019-nCoV” and “clinical characteristics”.

Additionally, we checked the references of each cited manuscript to

identify other possibly eligible studies. This pooled analysis was con-

ducted and reported in compliance with the preferred reporting items

for systematic reviews and meta-analyses (PRISMA) guidelines.10

Eligible studies should be written in English, and describe the rela-

tionship between age, gender, comorbidities and the prognosis of

adult COVID-19 patients. The number of enrolled patients is more

than ten. Case reports, reviews, letters, family-based studies, non-

human studies, studies without adequate information, studies written

not in English, studies focused only on children or pregnant women,

and patients not stratified with the degree of severity or survivors

were excluded. The inclusion of each study was determined by two

researchers. Disagreements were resolved through a consensus.

F IGURE 1 The flow of studies
literature search and selection of studies
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2.2 | Data extraction

Two reviewers independently extracted data from the included stud-

ies. Discrepancies were resolved by consensus between the two

reviewers. Variables included authors, sample size, age, gender, rele-

vant data on comorbidity of severe and nonsevere, and of survivors

and nonsurvivors (including hypertension, diabetes, CVD, COPD,

CKD, and cardiac injury). Cardiac injury was defined by elevation of

Troponin I/T. The New castle Ottawa scale (NOS) was followed to

assess the quality of studies.11 The primary outcome was to explore

the association between the comorbidities or acute cardiac injury and

severity or mortality in confirmed COVID-19 patients.

F IGURE 2 The association of comorbidities (hypertension, diabetes, and cardiovascular diseases(CVD), chronic obstractive pulmonary
disease(COPD), chronic kidney disease(CKD), and cancer)with COVID-19 severity
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2.3 | Statistical analysis

Pooled analysis was performed using STATA software (version 14.0).

The odds ratio (OR) and 95% confidence intervals (95% CI) were used

to estimate the probability of comorbidities or cardiac injury in COVID-

19 patients with or without severe type, or in survivors vs nonsurvivors

of COVID-19 patients. Magnitude of heterogeneity was calculated

using the I2 statistic: 25%, 50%, and 75% representing low, medium,

and high heterogeneity, respectively. Due to the heterogeneity

between studies, a random effect model was performed to estimating

the average effect.12 In order to assess the impact of age (mean age or

median age) and sex (percentage of males), univariable meta-regression

models were performed. Publication bias was evaluated by the Bgger's

test, with P > .05 indicated no evidence of publication bias.13

F IGURE 2 (Continued)
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3 | RESULTS

3.1 | Search results and study characteristics

Initial database search identified 6196 studies and 34 additional records

through reference and citation searches (Figure 1). Overall, 329 of them

with full-text were reviewed for eligibility, of which 124 studies were

included in this analysis.7-9,14-134 The NOS scores ranged between

5 and 8. The key characteristics of included studies were presented in

Table S1. The majority of included studies were based in Asia, the

minority was from the USA, Italy, Spain and other countries. With most

studies including more males than females, and the mean age varied

from a median of 40 to 84 years of age. 58 studies compared the inci-

dence of hypertension or diabetes in severe vs nonsevere cases with

COVID-19 and 29 studies compared the prevalence of CVD. Eleven

studies reported the association between acute cardiac injury and the

severity of COVID-19. Sixty three documents reported the incidence

of cardiovascular metabolic diseases in nonsurvivors vs survivors.

3.2 | Meta-analysis

The association between comorbidities and disease severity were pres-

ented in Figure 2. A heterogeneity between the studies varied from mod-

erate to high. A higher risk for severity was observed in COVID-19

patients with hypertension, diabetes, CVD, COPD, CKD or cancer, and

the pooled result was (OR 2.57, 95% CI: 2.12-3.11), (OR 2.54, 95% CI:

1.89-3.41), (OR 3.86, 95% CI: 2.70-5.52), (OR 2.71, 95% CI: 1.98-3.70),

(OR 2.20, 95% CI: 1.27-3.80) and (OR 2.42, 95% CI: 1.81-3.22) respec-

tively (Figure 2, Table S2). At the same time, the risk for in-hospital mortal-

ity was significantly increased in COVID-19 patients with hypertension

(OR 2.50, 95% CI: 2.02-3.11), diabetes (OR 2.09, 95% CI: 1.80-2.42), CVD

(OR 2.65, 95% CI: 1.87-3.77), COPD (OR 2.48, 95% CI: 2.05-3.00), CKD

(OR 3.07, 95% CI: 2.43-3.88) or cancer (OR 1.90, 95% CI: 1.57-2.30)

(Figure 3, Table S2). Moreover, it is observed that the prevalence of acute

cardiac injury is higher in severe group than in nonsevere group (OR:6.57;

95% CI 3.70-11.65), and acute cardiac injury is associated with an

increased risk for mortality (OR:16.96; 95% CI 7.89-36.44) (Figure 4).

F IGURE 2 (Continued)
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3.3 | Meta-regression analysis

The results of univariable meta-regression analyses showed the

impact of age and sex on the association between comorbidities or

acute cardiac injury and the prognosis (severity and mortality) in

COVID-19 patients. There was a clearer effect of increasing age on

the association between hypertesion and diabetes and severity of

COVID-19 (sFig1, sFig2). Conversely, there is no significant associa-

tion between the proportion of males with the risk of severity or mor-

tality. No obvious evidence of publication bias existed (Table S2).

F IGURE 2 (Continued)
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4 | DISCUSSION

The pandemic of COVID-19 poses a huge challenge to countries all

over the world. SARS-CoV-2 infection is more serious among individ-

uals with immune deficiency and comorbidities. Reliable population

epidemiology, clinical characteristics, and laboratory parameters can

help distinguish high-risk COVID-19 patients and enable more active

management of hospitalized or critically ill patients. At present, some

laboratory indicators that may predict the deterioration of COVID-19

have been identified, including leukocytosis, lymphopenia, thrombocy-

topenia, and cardiac injury biomarkers, elevated inflammatory cyto-

kines. Notably, early studies reported some clinical indicators such as

age, gender, as well as existing hypertension, diabetes and CVD can

predict the prognosis of COVID-19. CVD have the highest prevalence

F IGURE 3 The association of comorbidities (hypertension, diabetes, and cardiovascular diseases(CVD), chronic obstractive pulmonary disease
(COPD), chronic kidney disease(CKD), and cancer) with COVID-19 mortality
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among potential patients at higher risk for severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infection.135 Comorbidities

such as hypertension and diabetes are recognized as poor prognostic

factors for ARDS and SIRS.136,137 However, the relationship between

these comorbidities and COVID-19 severity or poor survival out-

comes remains unclear.

This pooled analysis is based on data from 124 studies with con-

firmed COVID-19. In this study, it is observed that the comorbidities

makes COVID-19 patients more likely to develop severe clinical type

and increase the risk for in-hospital death. Comorbidities may be a risk

factor for critically ill patients with poor prognosis. Another important

finding is that acute cardiac injury increased the risk of severity and

F IGURE 3 (Continued)

LUO ET AL. 1485



in-hospital death for patients with COVID-19. According to the cur-

rent research data, some patients with COVID-19 suffered acute car-

diac injury, and the incidence of acute cardiac injury is much higher in

severe cases.6,21,24 However, the pathogenesis of acute cardiac injury

associated with COVID-19 is still needs further investigation. The

unique and significant affinity of SARS-CoV-2 for the host ACE2

receptor increases the possibility of direct infection of vascular endo-

thelium and myocardium. Meanwhile, hypoxemia and cytokine storm

may also be an important cause of acute cardiac injury.6 Therefore, it

is necessary to monitor acute cardiac injury markers and cardiac func-

tion during hospitalization, and pay more attention to heart damage

related to SARS-CoV-2 infection in the course of disease treatment,

and take more active treatment for patients with acute cardiac injury.

A recent study on influenza showed that patients with cardiovas-

cular disease and hypertension have a higher risk of death than those

without comorbidities.138 Previous studies in patients with Middle

East Respiratory Syndrome Coronavirus (MERS-CoV) found that

comorbidities were significantly associated with poor prognosis.139

Recently, meta-analysis have evaluated the impact of comorbidities in

the population of COVID-19, and the results are consistent with this

review,140-143but with fewer the included studies. This pooled results

are based on more data and included studies from many countries

including China, the United States, Italy and so on. However, the local

policy of COVID-19 research and the time of patient enrollment is dif-

ferent, and some studies only included severely ill or elderly patients.

Over time, people's attention to the epidemic, the implementation of

related policies, and improvement of treatment plans may reduce the

overall severity and mortality of COVID-19. In addition, there are

reports that some controversial studies of COVID-19 patients have

been withdrawn after the author failed to demonstrate the reliability

of the data. This review included retrospective observational studies,

which are prone to selection and recall bias in the collection and

processing of data, and the definition of outcome may be different in

each study. In order to make our results as accurate as possible, we

F IGURE 3 (Continued)
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removed studies that clearly had overlapping cohorts because they

specified the same hospital and time period. However, we cannot be

sure that the data among all studies does not overlap. The actual prev-

alence of comorbidities in COVID-19 patients and their impact on

prognosis remain unknown.

In summary, we updates the evidence on the association between

comorbidities or cardiac injury and COVID-19. The pooled result sup-

port that patients with comorbidities may increase the severity of

SARS-CoV-2 infection, and may also greatly affect the survival out-

come of COVID-19 patients. The successful treatment of severe or

F IGURE 3 (Continued)
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critical cases is the key to reduce in-hospital mortality. Prevention and

intervention measures for these patients should be strengthened, and

patients with underlying chronic diseases are strongly recommended

to avoid any close contact with others in the community, especially in

endemic areas. It is necessary to continuously monitor blood pressure,

blood glucose, and related clinical indicators of organs injury in

COVID-19 patients with comorbidities.

Indeed, there are some limitations in this study. First, the baseline

characteristics of included population in various studies may bias the

results. Second, patients with one or more comorbidities and different

clinical treatment strategies will lead to different survival outcomes. In

addition, although we collect as much complete and reliable data as

possible, most of the studies included are from China since it is the

main focus of the pandemic rise. The actual prevalence and mortality

rates may vary in different countries. Finally, we evaluated publication

bias through Bgger regression test, but currently these common sta-

tistical methods (such as funnel plot, Bgger test and Egger test) are

not considered to be useful evaluation tools. The influence of

publication bias cannot be completely ruled out. Prospective random-

ized control trials are warranted to further confirm the conclusions in

this study.

5 | CONCLUSION

Comorbidities and acute cardiac injury are closely associated with

poor prognosis in COVID-19 patients. It is necessary to continuously

monitor related clinical indicators of organs injury and concern com-

orbidities in COVID-19 patients.
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