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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% Cl) 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% Cl: 2.12-3.11), diabetes (OR 2.54, 95% ClI:
1.89-3.41), cardiovascular diseases (OR 3.86, 95% Cl: 2.70-5.52), chronic obstractive
pulmonary disease (OR 2.71, 95% Cl: 1.98-3.70), chronic kidney disease (OR 2.20,
95% Cl: 1.27-3.80), and cancer (OR 2.42, 95% Cl: 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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LUO ET AL.

1 | INTRODUCTION
Coronavirus disease 2019 (COVID-19) has emerged as a global pan-
demic and a public health event of widespread concern.’™ 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.® 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.” 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 al® and Shi et al.? 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
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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

21 | 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-
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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.°

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.

6169 of records

identified through
database searching

34 of additional records
identified through other
sources

!

‘823 of records after duplicates removed ‘

¥

5380 of records screened with
titles and abstract

5051 of records
excluded

¥

¥

329 of full-text articles assessed
for eligibility

205 of full-text
articles excluded

¥

124 of articles included

FIGURE 1 The flow of studies
literature search and selection of studies

in this meta-analysis
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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

Study
ID

Aggarwal S
Bhargava A
Borobia AM
Buckner FS
Cai QX
Cao Z
Chen Q
Chen X
Colaneri M
Feng Y
Gao C

Gao S
GaoY
Ghweil AA
Guan WJ
HulL
Huang H
Huang R
Huang S
Itelman E
JiW

Lee JY

Lid (3)

Li KH

LiQ

LiT

Liu JY

Liu L

LvZ

Ma LK
Mao L
QinC
Schalekamp S
Shahriarirad R
ShiY

Wan S
Wang B
Wang W
Wang YF
Wang YP
Wei Y

Xie H

Yang Q
Yao Q

Ye C

YuC

Yu X
Zhang GQ
Zhang JJ
Zhang SY
Zhang XY
Zhao W
Zheng F
Zheng S
ZhuZz

Overall (I-squared = 82.8%, p = 0.000)

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

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

A

4

L 4

NOTE: Weights are from random effects analysis

S

OR (95% Cl)

0.20 (0.02, 1.71)
1.56 (0.81, 2.98)
4.33 (3.47, 5.40)
0.98 (0.45, 2.14)
5.26 (2.68, 10.30)
0.40 (0.12, 1.35)
1.81(0.71, 4.63)
4.48 (2.25, 8.94)
0.71 (0.19, 2.61
1.82 (1.15, 2.87
1.87 (1.57, 2.23)
0.85 (0.41, 1.76)
2.00 (0.52, 7.65)
2.43 (0.64, 9.30)
( )
( )
(

)
)

3.38 (2.50, 4.58
1.79 (1.1, 2.88
5.70 (1.60, 20.32)
0.54 (0.12, 2.42)
2.41 (1,50, 3.88)
3.37 (1.42,7.97)
6.05 (5.25, 6.99)
2.68 (1.75, 4.09)
3.50 (0.98, 12.44)
1.59 (0.25, 10.18)
3.03 (1.34, 6.86)
6.16 (3.46, 10.97)
3.45 (0.93, 12.88)
2.28 (0.20, 25.61)
1.09 (0.62, 1.88)
1.75 (0.47, 6.57)
3.22 (1.67, 6.18)
2.63 (1.66, 4.18)
1.29 (0.84, 1.98)
417 (1.14, 15.23)
5.65 (3.06, 10.45)
1.06 (0.31, 3.67)
1.19 (0.44, 3.19)
1.23 (0.54, 2.77)
5.22 (1.96, 13.92)
3.59 (1.79, 7.19)
7.62 (2.51, 23.18)
0.68 (0.19, 2.42)
4.70 (2.02, 10.94)
7.22 (2.25, 23.14)
4.63 (3.11, 6.89)
1.44 (1.13, 1.83)
2.43 (1.03, 5.73)
4.42 (2.27,8.61)
1.89 (0.91, 3.94)
5.06 (3.08, 8.33)
2.48 (0.86, 7.10)
4.08 (1.27, 13.10)
8.07 (3.04, 21.37)
3.24 (1.00, 10.53)
3.83 (1.30, 11.29)
2.56 (2.12, 3.11)

Troponin I/T. The New castle Ottawa scale (NOS) was followed to
assess the quality of studies.* The primary outcome was to explore
the association between the comorbidities or acute cardiac injury and
severity or mortality in confirmed COVID-19 patients.

%
Weight

0.63
2.15
2.74
1.94
2.1
1.34
1.70
2.08
1.23
2.45
2.78
2.02
1.19
1.20
2.66
2.42
1.27
1.04
2.42
1.81
2.80
2.50
1.27
0.78
1.88
2.27
1.22
0.52
2.31
1.21
2.14
2.44
2.49
1.24
2.20
1.30
1.62
1.88
1.63
2.08
1.46
1.28
1.84
1.39
2.54
2.72
1.82
212
2.02
2.39
1.54
1.39
1.64
1.38
1.50
100.00

.0234

Decreased risk with hypertension

42.8

Increased risk with hypertension

FIGURE 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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Study %
ID OR (95% Cl) Weight
Cai QX ——— 3.68 (1.38, 9.79) 1.93
Aggarwal S ———t— 0.56 (0.06, 4.76) 1.07
Bhargava A —dl- 2.20 (1.21, 4.00) 2.22
Borobia AM | * 35.26 (27.92, 44.54) 2.41
Buckner FS —— 1.19 (0.53, 2.67) 2.06
CaoZ < 2.08 (0.39, 11.10) 1.37
Chen Q —— 2.64 (0.86, 8.05) 1.81
Chen X —— 2.45 (0.94, 6.37) 1.95
Colaneri M —_— 0.22 (0.02, 2.00) 1.03
Feng Y +=— 1.59 (0.85, 2.98) 2.20
Gao S T 1.74 (0.74, 4.10) 2.03
GaoY —— 18.00 (1.90, 170.34) 1.01
Ghweil AA —r— 4.00 (0.95, 16.75) 1.55
Guan WJ - 3.17 (2.15, 4.68) 2.35
HulL —— 2.32 (1.19, 4.53) 217
Huang H —_—— 2.22 (0.41, 12.09) 1.35
Huang R |—— 8.15 (2.84, 23.34) 1.86
Itelman E + 2.30 (0.89, 5.95) 1.95
Jiw R 4.65 (3.98, 5.42) 2.43
Kim MK - 3.06 (2.14, 4.38) 2.36
Lee JY —— 3.36 (2.06, 5.50) 2.29
LiJ -+ 1.98 (1.27, 3.07) 2.32
LiJ (3) —_—T— 1.21 (0.29, 5.10) 1.55
Li KH . & 47.43 (2.58, 870.76) 0.72
LiQ —+— 2.61(0.91, 7.52) 1.86
LiT B 1.64 (1.02, 2.65) 2.30
Liu JY —_— 4.50 (0.68, 29.75) 1.22
Liu L | <> 3 114.43 (5.06, 2585.61) 0.66
LvZ —o— 1.44 (0.65, 3.18) 2.08
Ma LK —_—— 10.95 (2.49, 48.05) 1.51
Mao L - 1.52 (0.70, 3.30) 2.09
Qin C -0-: 1.49 (0.87, 2.55) 2.26
Schalekamp S - 1.33(0.78, 2.28) 2.26
Shahriarirad R ——— 2.57 (0.60, 10.93) 1.54
ShiY —_—— 3.15 (1.27,7.81) 1.99
Tabata S o= 1.56 (0.09, 25.93) 0.76
Wan S —— 8.90 (2.27, 34.99) 1.60
Wang B —_—— 1.38 (0.46, 4.19) 1.82
Wang W — 1.89 (0.50, 7.06) 1.64
Wang YF -—0:— 2.13 (0.73, 6.23) 1.85
Wang YP —— 2.27 (0.76, 6.80) 1.83
Wei Y - 3.47 (0.70, 17.29) 1.42
Xie H —_— 0.58 (0.11, 3.07) 1.37
Yang Q —— 4.04 (1.51,10.86) 1.92
Yao Q T 5.52 (0.87, 35.13) 1.25
Ye C —-— 2.62 (1.51, 4.53) 2.26
YuC -QJI 1.91 (1.44, 2.53) 2.39
Yu X —— 2.94 (1.01, 8.52) 1.86
Zhang GQ —1 1.47 (0.57, 3.81) 1.95
Zhang JJ —— 1.30 (0.47, 3.59) 1.89
Zhang SY —— 2.67 (1.34, 5.32) 2.16
Zhang XY —_—— 1.02 (0.09, 11.69) 0.91
Zhang Y -To— 1.37 (0.74, 2.55) 2.21
Zhao J — 8.79 (0.44, 174.04) 0.70
Zhao W —-0:— 1.47 (0.25, 8.73) 1.29
Zheng F —_— 1.80 (0.33, 9.76) 1.36
Zheng S —_—— 3.28 (0.40, 27.17) 1.08
Zhuz < - 0.29 (0.02, 5.24) 0.73
Overall (I-squared = 89.3%, p = 0.000) 204 2.54 (1.89, 3.41) 100.00
NOTE: Weights are from random effects analysis : I

.00039 1 2586

Decreased risk with DM

FIGURE 2 (Continued)

2.3 | Statistical analysis

Pooled analysis was performed using STATA software (version 14.0).
The odds ratio (OR) and 95% confidence intervals (95% Cl) 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

Increased risk with DM

using the I? 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.? 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.*®
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Study %
D OR (95% Cl) Weight
T
Cai QX —_——— 5.49 (2.35,12.81) 468
CaoZ —H 1.55 (0.46, 5.25) 3.66
Chen X +’_ 7.34(2.59, 20.80) 413
Colaneri M b e 8.00 (2.30, 27.81) 3.59
Gao S —_—— : 0.69 (0.26, 1.82) 431
GaoY 0.93(0.08, 11.16) 1.56
Guan WJ —0:— 3.37(1.49,7.62) 4.78
HuL l——— 9.70 (4.02, 23.38) 459
Huang R : —_—— 29.83(9.09, 97.93) 373
LiKH : & 7.16 (0.28, 182.02) 1.02
LQ _— 5.24(1.70, 16.10) 3.91
LT —_— 1.04(0.56,1.93) 534
LiuJY — 8.09 (0.31, 208.68) 1.02
QinC + 4.98 (1.48,16.79) 3.66
Schalekamp S - : 1.34(0.84,2.14) 5.74
Shahriarirad R —_—— 4.29(1.09, 16.84) 3.29
Shiy —_— 547 (1.54,19.42) 3.54
Tabata S ——— 1.88 (0.68, 5.23) 418
Xie Y + 3.34(1.12,9.94) 3.99
Yang Q +0— 7.41(1.74,31.57) 3.11
Yao Q <> 3.52(0.47, 26.39) 2.1
YeC —— 2.91(0.94,9.02) 388
Yu X —— 8.08 (3.05, 21.39) 432
Zhang GQ —:0— 5.40 (2.16, 13.49) 449
Zhang SY —_——t— 2.07 (0.44,9.74) 2.90
Zhao J : < 5.25 (0.54, 50.64) 1.79
Zhao W —{—0— 7.71(1.71,34.76) 2,99
Zheng S > 4.93(0.27,89.73) 1.23
Zhuz ——+— 3.82(0.64,22.81) 2.46
Overall (I-squared = 63.0%, p = 0.000) Q 3.86(2.70,5.52) 100.00
NOTE: Weights are from random effects analysis :
I I
00479 1 209
Decreased risk with CVD Increased risk with CVD

FIGURE 2 (Continued)

3 | RESULTS 3.2 | Meta-analysis

3.1 | Search results and study characteristics The association between comorbidities and disease severity were pres-

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.”?*413* 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, ltaly, 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.

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% Cl: 2.12-3.11), (OR 2.54, 95% Cl:
1.89-3.41), (OR 3.86, 95% Cl: 2.70-5.52), (OR 2.71, 95% Cl. 1.98-3.70),
(OR 2.20, 95% Cl: 1.27-3.80) and (OR 2.42, 95% Cl: 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% Cl: 2.02-3.11), diabetes (OR 2.09, 95% ClI: 1.80-2.42), CVD
(OR 2.65, 95% Cl: 1.87-3.77), COPD (OR 2.48, 95% Cl: 2.05-3.00), CKD
(OR 3.07, 95% Cl: 2.43-3.88) or cancer (OR 1.90, 95% ClI: 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% Cl 3.70-11.65), and acute cardiac injury is associated with an
increased risk for mortality (OR:16.96; 95% Cl 7.89-36.44) (Figure 4).
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Study %
D OR (95% Cl) Weight
CoPD |
Aggarwal S 1.00 (0.05, 19.36) 043
Bhargava A |—o— 2.16 (1.06, 4.42) 2.08
Borobia AM - 3.14(2.24,4.40) 255
Buckner FS 1.99(0.55,7.25) 135
CaoZ 0.25 (0.01,4.80) 043
ChenQ —_—l 0.17(0.01,3.10) 045
Feng Y —_— 5.47 (2.24,13.39) 1.84
Gaos —_— 2.54(0.22,28.85) 0.60
GaoY —— 15.96 (0.77,332.61) 041
Guan WJ | —— 9.25 (4.00,21.39) 1.91
Hul -+ 11.83 (0.66, 211.75) 045
Huang R —_— 1.31(0.15,11.40) 0.71
Itelman E —_—— 5.40 (0.33,89.20) 047
Lee JY —_—— 4.11(0.57,29.45) 081
Li KH R e ] 10.86 (1.15,102.77) 0.67
LiQ _— 1238(1.67,91.77) 0.79
LT —— 1.40(0.62,3.13) 1.96
Liu JY . 450 (0.68,29.75) 0.86
vz 0.96(0.17,5.33) 0.98
QinC 1.77 (0.47,6.61) 132
Schalekamp S [=— 1.71(1.01,2.92) 233
Shahriarirad R 1.17(0.13,10.38) 0.70
Wang W 035 (0.05,2.68) 078
Wang YF e 4.12(0.72, 23.60) 0.96
Wei Y —_— 8.57 (1.51,48.76) 0.96
Ya0Q —_— 0.45 (0.02,9.03) 0.42
YuC T 1.39(0.83,2.32) 235
Zhang GQ ————— 6.43(1.14,36.14) 097
Zhang JJ —_— 7.30 (0.34, 154.96) 041
Zhang SY | ————p————————  65.87 (3.37, 1287.45) 043
Zhang XY —_— 6.25(0.25,158.19) 037
Zheng F —— 2.27(0.40, 13.00) 0.96
ZhuZ T 3.82 (0.64,22.81) 093
Subtotal (I-squared = 40.0%, p = 0.010) < 2.71(1.98,3.71) 33.66

1
cKD \
Aggarwal S —— 1.00(0.13,7.57) 0.78
Borobia AM 1 5.41(3.93,7.45) 257
Buckner FS —t 1.46 (0.60, 3.52) 1.86
ChenQ —_— 1.19(0.11,13.49) 0.60
Chen X —_—l— 4.90 (030, 79.65) 048
Gaos — 835(3.01,23.16) 167
Guan WJ —— | 0.46 (0.17,1.22) 173
Hul —_—— 0.65 (0.14, 2.96) 114
Huang H —_— 6.37(0.25, 163.10) 037
Lee Y 16.72 (1.85, 150.83) 0.69
LiJ | —— 7.72 (2.92,20.40) 173
LiQ —_—— 12.38(1.67,91.77) 0.79
LiT —_—1— 1.33(0.37,4.81) 136
Ma LK —_— 1.03 (0.04, 26.34) 037
Mao L — 0.71(0.13,3.96) 0.98
QinC - 1.16(0.29,4.72) 1.25
Shahriarirad R —_—— 0.65(0.03,12.22) 044

hi - 369 (0.70,19.52) 1.01

Wang YP —_— 1636 (1.66, 161.04) 0.65
Yang Q —_— \ 0.05(0.01,0.17) 139
Ye C —t— 1.83(0.35,9.54) 1.03
YuC — 0.86 (0.42,1.76) 2.09
Zhang GQ D — 16.50 (1.88, 144.54) 0.71
Zhang JJ —_— 7.30(0.34, 154.96) 041
Zhang SY - 3.71(0.71,19.45) 1.02
Zhang XY —_— 6.25(0.25,158.19) 037
Zhao W T— 4.85(0.75,31.49) 0.87
Zheng S —_—— 0.87(0.03,22.12) 037
Subtotal (I-squared = 77.4%, p = 0.000) <> 2.20(1.26,3.85) 28.74

1
Cancer 1
Aggarwal S —_— 233(0.17,32.58) 052
Buckner FS 1 2.69 (0.86,8.40) 1.53
Cai QX —_— 4.25(0.59,30.83) 081
Chen X —_— 0.95 (0.04, 20.06) 041
Chen XH 455 (049, 42.31) 0.68
Colaneri M 3.85(0.62, 23.85) 0.90
Feng Y 4.15(1.29,13.33) 1.49
Gaos 538 (1.04,27.83) 1.03
Guan WJ 542 (2.13,13.78) 178
Hul —_—— 9.95 (0.5, 181.43) 045
Huang H —_— 6.37(0.25, 163.10) 037
Huang R —_—T 1.51(0.07,32.43) 041
Jiw > 297(2.32,3.79) 264
Lee JY —_— 1.13(0.41,3.11) 1.69
LiJ —— 3.01(0.78,11.52) 130
LiJ (3) —_— 0.81(0.04,17.74) 040
LiQ —_—— 5.94(0.52,67.80) 059
LiT —r— 1.43 (0.44,4.61) 149
Lvz —_— 0.09 (0.00, 1.99) 041
Ma LK —_—— 1.03 (0.04, 26.34) 037
Mao L —_— 0.89(0.28,2.81) 151
QinC — T 147 (0.45,4.75) 1.48
Schalekamp S — 0.75 (041, 137) 224
Shahriarirad R —_— 2.94(0.11,76.50) 037
ShiY _I._ 6.17(1.01,37.87) 091
Tabata S —_—— 0.76 (0.07, 8.79) 059
Wan S — 7.62(0.77,75.63) 0.65
Wang B — e 0.61(0.03, 11.09) 044
Wang W —_——— 0.67 (0.04, 12.60) 0.44
Wang YP —_—— 520 (0.32,84.78) 048
Wei Y T 10.00 (0.85, 117.55) 058
Yang Q —_— 1.04 (0.10,1037) 0.65
YaoQ | —— 8111 (4.47,1471.74) 045
Ye C —_—— 7.82(1.85,33.07) 121
YuC - 2.02(0.76,5.34) 173
Zhang GQ + 2.53(0.65,9.76) 129
Zhang SY —— 943 (1.87,47.53) 1.05
Zhang XY —_— 4.29(037,49.27) 059
Zhao W —_—— 0.95 (0.09, 9.67) 0.64
Zheng S —_— 0.87(0.03,22.12) 037
ZhuZ —_— 1.78(0.19,17.04) 0.67
Subtotal (I-squared = 28.1%, p =0.051) ¢ 242(1.81,3.22) 37.60
Overall (I-squared = 55.6%, p = 0.000) ¢ 245 (1.98,3.03) 100.00
NOTE: Weights are from ralndom effects analysi L I
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FIGURE 2 (Continued)

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).
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Study %
ID OR (95% Cl) Weight
Ruan Q —r— 1.91(0.97,3.77) 1.83
Berenguer, J L 4 3.23(2.78,3.75) 2.21
Borobia AM - 1.87 (1.26,2.78) 2.08
CaoJ e 7.33(2.37,22.65) 1.39
CenY —_—— 2.48 (1.34, 4.60) 1.89
ChenF —— 414 (2.55,6.73) 201
Chen FF - 268 (1.74,4.13) 205
ChenR | —— 6.86 (3.86,12.19) 1.93
ChenT —_— 2.86 (1.71, 4.80) 1.98
ChenTL . ] 20.12 (2.42,167.15) 0.71
Chen XH —_—— 4.25(1.25, 14.50) 1.30
Chilimuri S —— 2.44 (1.58,3.77) 2.05
Ciardullo S —— 2.38(1.50, 3.77) 2.03
Ciceri F —— 2.78(1.71,4.52) 2.01
CovinoM —— ! 0.37(0.13, 1.04) 1.48
Deng G ‘> 3.05 (2.56, 3.62) 220
Deng Y —lo— 3.16 (1.67, 5.96) 1.87
DuRH —:0— 408 (1.58,10.51) 1.57
Escalera-Antezana JP I—O— 13.43(2.28,79.23) 0.89
Fan H -—— 6.19 (1.63, 23.50) 1.21
Ful —— 2.02 (0.94, 4.35) 1.75
Gao C —— 3.80(2.21,6.53) 1.96
Gayam V --- I 0.29 (0.20, 0.40) 212
Grasselli G 1 —— 139.35 (81.57, 238.05) 1.97
Gregoriano C —_— 0.87(0.38,1.99) 1.68
Guan WJ | —— 6.86 (3.86,12.19) 1.93
Gupta S <! 1.84(1.53,2.21) 220
Halvatsiotis P —— 0.81(0.32,2.01) 1.60
Hu H —-0—: 1.34 (0.46, 3.96) 143
Huang S —o— 1.83(1.03,3.27) 1.93
laccarino G + 2.43(1.73, 3.40) 2.12
Inciardi RM —_—— 1.1 (043, 2.83) 1.58
Jang JG —— 2.71(1.06, 6.93) 1.57
Javanian M —_—— 5.23(1.81,15.09) 1.46
Kalyanaraman ® 1 1.04(0.93,1.17) 222
LeelY (2) ——— 1.95 (0.70, 5.42) 1.49
LiK - 2.30(0.75,7.03) 1.40
LiuJ - 2.23(1.57,3.16) 211
Mehra MR <+ ' 0.94(0.77,1.16) 219
Mikami T > : 1.56 (1.32,1.85) 221
Nowak B '—OI— 1.88(0.94, 3.73) 1.83
Pan F - 1.49(0.68, 3.28) 172
Pellaud C — | 0.26 (0.12, 0.58) 1.72
Shah P —_— 4.34(1.84,10.24) 1.66
Shahriarirad R —_— 1.20(0.23,6.22) 0.98
shis (2) —— 4.08 (2.38,7.00) 1.96
SunH —— 1.85(1.11,3.10) 1.99
Wang D —_—— 5.00 (1.75, 14.30) 1.46
Wang K —— 2.54(1.56,4.14) 2.01
WangK (2) —— 6.65 (2.52,17.57) 1.54
Wang Y —.- 2.08 (1.34,3.24) 204
Wu C 2,69 (0.97,7.48) 1.49
XuJ - 0.96 (0.57, 1.62) 1.98
Xu PP | —— 6.47 (3.16,13.25) 1.80
Ye C - < 15.15(0.61, 373.75) 0.38
yuC (2) - 2.42(1.76,3.32) 213
Yuan M . & P 35.00 (1.66, 738.65) 0.41
Zhang F —_—T— 1.32(0.37,4.73) 1.26
Overall (I-squared =92.8%, p = 0.000) 0 2.50(2.02,3.11) 100.00
1
NOTE: Weights are from ranldom effects analysis 1 I

.00135

Decreased risk with hypertension

739

Increased risk with hypertension

FIGURE 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

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
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Study %
ID OR (95% Cl) Weight
Alkundi A -0-;- 1.67 (0.97,2.87) 2,01
AlSalameh A - 0.77 (0.44, 1.34) 1.99
Berenguer, J L 2.16 (1.85,2.53) 2.69
Borobia AM - 1.10(0.72, 1.69) 224
CaoJ e 8.73 (2.28, 33.46) 0.83
CenY ——— 3.10(1.55,6.22) 1.71
ChenF —— 1.80 (1.04, 3.09) 2.01
Chen FF ——I 1.05 (0.60, 1.82) 1.99
ChenR e 3.36 (1.77, 6.40) 1.81
ChenT = 1.62 (0.86, 3.04) 1.83
ChenTL o — 1.48 (0.40, 5.50) 0.86
Chen XH —_— 1.79 (0.46,7.02) 0.81
Chilimuri S + 1.97 (1.30, 2.98) 227
Ciardullo S —— 1.64 (0.97,2.78) 2.04
Ciceri F —r— 1.78(0.99, 3.22) 1.91
CovinoM —_— 0.53(0.10, 2.79) 0.61
Deng G T d 3.54(2.79, 4.48) 2.59
Deng Y —— 2.20(0.93,5.16) 143
DuRH —_— 1.94 (0.69, 5.45) 1.16
Escalera-Antezana JP P e 16.33(2.10, 126.82) 043
Ful —_— 1.61(0.68, 3.79) 1.42
Gayam V - 1.98(1.30, 3.02) 2.26
Grasselli G L d 2.07(1.71,2.51) 265
Gregoriano C —_—— 1.06 (0.39, 2.84) 1.23
Guan WJ l—— 427 (2.21,8.26) 1.78
GuoW -—:0— 3.20(0.81,12.58) 0.81
Gupta S € 0.91(0.76, 1.09) 2.66
Halvatsiotis P l: 2.72(0.91, 8.09) 1.09
HuH & T 0.36 (0.02, 7.02) 0.22
laccarino G haal 2.76 (1.97,3.87) 242
Inciardi RM —— 2.62(1.03, 6.68) 1.30
Jang JG | —— 7.47 (2.73, 20.40) 1.20
Javanian M —— 2.63(0.96,7.21) 1.20
Kalyanaraman > | 1.13(1.00, 1.27) 2.73
Kim MK | —— 4.53(2.88,7.13) 2.19
LeelY (2) ———— 4.74(1.68,13.38) 1.16
LiJ —— 2.15(1.29, 3.58) 2.07
LiK ——t— 0.88(0.18, 4.34) 0.64
LiuJ Le- 2.92(1.93,4.42) 227
Mehra MR -0: 1.43(1.13,1.79) 2.60
Mikami T * . 1.37(1.13, 1.65) 2.66
Nowak B -— 3.57 (1.60, 7.96) 1.51
PanF —— 1.31(0.48,3.62) 1.19
Pellaud C — 1.25(0.55, 2.85) 1.48
Ruan Q —— 1.14(0.48, 2.69) 1.42
Shah P - 2.01(1.27,3.17) 2.19
Shahriarirad R e e ] 1.84(0.35,9.75) 0.60
Shis (2) —— 2.50(1.36, 4.58) 1.88
SunH —— 1.18 (0.64, 2.20) 1.86
Wang D —— 4.88(1.31,18.18) 0.86
Wang K —— 2.04(1.14, 3.65) 1.93
WangK (2) s 4.87(1.70, 13.96) 1.14
Wang Y == 1.52(0.88, 2.62) 2.00
Wu C -—Ib— 2.33(0.73,7.44) 1.01
XuJ —— | 0.80 (0.41, 1.58) 1.74
Xu PP | —— 7.1 (3.30,15.31) 1.58
Yang X —_—— 2.52(0.47,13.58) 0.59
Ye C T 37.44(1.51,928.49) 0.19
yuC (2) | - 3.77 (2.69, 5.28) 242
Yuan M | 4 P 50.56 (2.38,1075.32) 0.21
Zhang F o . g 2.17(0.53,8.93) 0.77
Zhang Y —— 2.92(1.01,841) 1.13
Zhu L 19 3.01(2.27,3.98) 252
Overall (I-squared = 80.9%, p = 0.000) ? 2.09(1.80,2.42) 100.00
NOTE: Weights are from rancllom effects analysis 1 I
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FIGURE 3 (Continued)

among potential patients at higher risk for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection.'®> Comorbidities
such as hypertension and diabetes are recognized as poor prognostic
factors for ARDS and SIRS.*34137 However, the relationship between
these comorbidities and COVID-19 severity or poor survival out-

comes remains unclear.

Increased risk with DM

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
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Study %
D OR (95% Cl) Weight
I

CaoJ B e 8.89 (1.36, 58.09) 217
ChenT —— 3.63(1.44,9.14) 403
ChenTL e . e 2.86 (0.74, 11.06) 3.07
Chilimuri + 248 (1.42,4.34) 4.88
Ciardullo S —— 1.76 (1.14, 2.70) 5.14
Deng G : -+ 5.42 (4.33, 6.80) 5.44
Deng Y ———— 3.79(1.20,12.01) 3.50
FanH : g 9.81(0.54,179.14) 117
Ful —O-—IL 0.68 (0.15,3.13) 2.73
Guan WJ —— 5.56 (2.48, 12.45) 432
Halvatsiotis P —t— : 0.59(0.18, 2.00) 337
HuH r 0.90 (0.10, 8.18) 1.76
Jang JG —0——: 039 (0.05, 3.28) 1.86
Javanian M ——— 4.18(1.40,12.54) 3.62
Kalyanaraman < : 1.31(1.16, 1.49) 5.52
LeeJY (2) —_— 0.88(0.23, 3.45) 3.04
LiJ (2) :—0— 4.06 (2.24,7.34) 481
LiuJ —— 3.02(1.83,4.97) 5.00
Nowak B + 2.22(1.10, 4.45) 457
PanF —0—: 0.83(0.29, 2.38) 3.71
Ruan Q T g 40.14 (2.34, 689.08) 1.21
Shahriarirad R ——Q-I_ 1.84(0.35,9.75) 249
Wang D —— 7.97 (2.29,27.75) 329
Wang Y —OIL 2.13(1.09,4.13) 465
Wu C —> 3.90 (0.42, 36.46) 1.73
XuJ — 0.93 (0.45,1.93) 449
Xu PP I —_—— 18.26 (7.90, 42.18) 424
Yang X — : 0.93 (0.14, 6.12) 2.16
Ye C - <> 20.80 (0.81, 534.07) 0.98
Yuan M : < 16.33 (0.75, 356.88) 1.06
Overall (I-squared = 85.7%, p = 0.000) Q 2.65 (1.86, 3.78) 100.00
NOTE: Weights are from random effects analysis :

| |
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FIGURE 3 (Continued)

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.®?1?* 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.® 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.**® Previous studies in patients with Middle

East Respiratory Syndrome Coronavirus (MERS-CoV) found that

689

Increased risk with CVD

comorbidities were significantly associated with poor prognosis.t*?
Recently, meta-analysis have evaluated the impact of comorbidities in
the population of COVID-19, and the results are consistent with this
review, 0 143phut 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
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Study %
D OR (95% Cl) Weight
COPD !
Berenguer J * 2.35(1.99,2.78) 218
CenY T 2.25(0.77,6.59) 0383
ChenF — 2,64 (1.28,5.48) 1.26
Chen FF —— 0.85(0.19,3.83) 051
ChenR | —— 11,53 (4.37, 30.46) 094
ChenTL —_— 0.09(0.01,088) 026
ChenT T 2.22(0.83,5.92) 092
Chilimuri S - 1.22(0.71,2.11) 157
Ciardullo S —_— 2.93(1.48, 5.80) 133
Ciceri F —_—— 1043 (3.95,27.52) 094
Covino M ——l— ,1482) 047
IZG)eng Yv -O-L_L’_ 1.56 ;29,0)1 ) ?’Zg
ayam E 56(0.82, 2. -
Gregoriano C —_— 262 (0.55, 12.46) 049
Guan WJ | —— 11.53 (4.37, 30.46) 094
Grasselli G _;10— 282(1.79,4.46) 1.73
Gupta s 1.95 (1.43,2.67) 1.98
Halvatsiotis P —_— 0.81(0.15,4.28) 043
Hu H 403 (1.12,14.51) 065
laccarino G 244(1.55,3.83) 174
Jang JG —_T— 405 (0.54,30.43) 032
Inciardi RM ——— 247(061,10.03) 057
Javanian M — 3.78(1.05,13.61) 065
Kalyanaraman »> 1.11(0.83,1.48) 202
Lee )Y (2) —_—— 8.33(1.80, 38.68) 0.50
LiK —_—— 6.14(036,103.97) 017
LiuJ —— 3.91(1.61,9.47) 1.04
Mehra MR - 282(1.92,4.14) 1.86
Mikami T - 1.97(1.33,2.92) 1.84
Nowak B T 2.06(0.81,5.21) 099
Pan F —_— 066 (0.18,2.42) 064
Pellaud C —_—— 1.74(0.52,5.76) 0.71
Ruan Q —_— 245 (0.22,27.67) 023
Shah P —— 1.92(0.97, 3.80) 133
Shahriarirad R —_— 1.50(0.17, 13.54) 0.27
shis (2) —_—— 0.93(0.21,4.08) 053
Wang D —_—— 239(0.21,27.78) 022
Wang K —— 454 (1.67,12.30) 091
Wang K (2) 1 15.33(0.92, 255.33) 0.17
Wang Y ———— 7.51(2.10,26.89) 066
XuJ ——— 1.93(0.51,7.34) 062
XuPP | ———— 9.96(2.90, 34.26) 069
Yang x( ) —_—— 060 (0.08,4.64) 031
YuC (2 1.70 (0.86, 3.38) 1.33
Subtotal (I-squared = 58.8%, p =0.000) 3 248 (2.05,3.00) 3991
1
CKD N
Berenguer, J - 3.58(2.68,4.78) 202
CenY —t— 3.87(0.84,17.86) 050
Chen FF T 201(083,4.88) 1.04
ChenR | —— 1058 (3.71,30. 0.85
ChenT e 65, 53. 027
ChenTL —_—— .12(0.35, 48.65) 022
Chilimuri —— 234(1.28,4.29) 1.46
Ciardullo S — 213(1.16,3.92) 145
Ciceri F — 429 (2.29,8.04) 142
Gayam V/ — 2.22(131,3.76) 1.60
Grasselli G |—— 4.89 (2.84,8.45) 1.57
Gregoriano C —_ 1.02 (0.41,2.55) 1.00
Guan W) | —— 10.58 (3.71,30.15) 085
Gupta s - 1.76 (1.36, 2.26) 208
Halvatsiotis P —— 22(0.81,83.03) 025
laccarino G - 4.75(2.97,7.59) 1.71
Inciardi RM —_— 850 (2.55,28.33) 071
Javanian M [—t— 3.78(1.05,13.61) 065
Kalyanaraman *! 1.60 (1.36, 1.89) 219
Leely (2) —— 4.41(0.82,23.78) 043
Li) | —— 632(3.05,13.08) 1.26
LiuJ - 1.67 (0.67,4.15) 1.01
Mikami T - 1.91(1.50,2.43) 209
Nowak B —_— 075 (0.31,1.79) 1.05
RuanQ —_— 6.20(0.29, 131.44) 0.15
Shah P e 1.78(1.01,3.14) 1.53
Shahriarirad R —_— 0.80 (0.04,15.28) 0.16
shis (2) —— 8.90(3.99,19.84) 1.15
Wang D —_—— 239(0.21,27.78) 0.22
Wang K —_—— 637 (1.80,22.54) 066
WangK (2) —_— 3.79 (040, 35.71) 026
XuPP —_—— 10.88 (260, 45.63) 055
YeC —t——————— > 37.71(1.42,1002.54) 013
yucC (2) —_—— 0.73(0.22, 2.46) 071
Zhang F ————————  27.72(142,539.38) 0.16
Subtotal (I-squared = 72.9%, p = 0.000) © 307 (2.43,3.88) 3340
1
Cancer '
Cao) —_— 1.98(0.19,20.37) 025
ChenT _—— 368(0.70,19.32) 044
ChenTL —_— 0.4 (0.05,4.29) 026
Ciardullo S - 133(073,243) 147
Ciceri F — 362 ) 1.06
Covino M — 022
Deng G —— 1.12
Deng Y ——— 046
Du RH —_—— 025
Grasselli G hdl 211
Gregoriano C —To— 063
Guan WJ _—— 066
Guptas - 1.86
Halvatsiotis P —_— 028
Hu H e 027
Inciardi RM —— 081
Jang JG —_— 027
Javanian M —_ 025
Kalyanaraman > ! 217
LeeJY (2) - 061
LiJ —t— 070
Lik —_——rr 016
Liu J —or— 1.14
Mikami T - 41(1.04,1. 1.99
Nowak B — 49 (1.14, 5. 1.18
Pellaud C 31(1.38,13. 077
Ruan Q —_— 245 (0.22,27.67) 0.23
Shah P — 1.09 (0.51,2.33) 121
Shahriarirad R — 3.63(0.14,95.44) 0.13
shis (2) - 2.14(0.70,6.51) 079
Wang K —_— 0.86(0.25,2.94) 069
WangK (2) —_— 473(0.19,119.89) 013
XuJ ——— 364 (079, 1681) 050
Xu PP L S m— 2.54(031,2095) 029
Yang X —_—— 061(0.04,10.39) 017
YeC —r————————————  33.24(1.26,875.46) 013
YuC (2) 3.29(1.20,8.98) 0.90
Yuan M — 0.52(0.02,14.10) 013
Subtotal (I-squared = 33.4%, p =0.026) o, 1.90 (1,57, 2.30) 26.70
Overall (l-squared = 63.2%, p = 0.000) ¢ 250 (2.21,2.83) 100.00
— T ! T
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FIGURE 3 (Continued)

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.

Increased risk

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
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Study Cardiac injury %
ID OR (95% Cl) Weight
Severity :
Cai QX —_— 16.40 (5.66, 47.47) 4.26
Bhargava A —_—— | 1.35 (0.35, 5.19) 3.80
Hu L —+— 10.93 (2.52, 47.29) 3.62
LiQ —— 20.64 (8.22, 51.83) 4.49
LT —— 7.78 (4.57, 13.24) 5.01
Tian J - 3.75 (2.71, 5.19) 5.20
Wan S —— : 0.57 (0.12, 2.82) 3.41
Wei JF —_—— 7.20 (2.12, 24.49) 4.00
Yang Q —— 10.67 (2.64, 43.14) 3.72
Zhang GQ :—0— 67.69 (8.71, 525.93) 2.77
Zhang XY ———— 3.33 (1.04, 10.72) 4.09
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FIGURE 4 The association of cardiac injury with COVID-19 severity and mortality

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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