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On January 2020, WHO confirmed the epidemic outbreak of SARS-CoV-2 as a Health Emergency of International
Concern. The aim of this meta-meta-analysis is quantifying meta-analytic findings on the association of car-
diovascular disease (CVD) comorbidities and COVID-19 severity. Findings suggest that chances of getting severe
COVID-19 disease in patients with CVD is greater than those without CVD. Also, prevalence of CVD in patents
with COVID-19 is 0.08 (95% CI = 0.07-0.08). The OR as 3.44 indicates that the odds of getting severe COVID-19
is more than 3 times higher in those with CVD. Also, prevalence of hypertension in patient with COVID-19 is 0.27
(95%CI = 0.27-0.28) and the OR as 2.68 indicates that the odds of getting severe COVID-19 in cases with high
blood pressure is more than 2.5 times higher than those without hypertension. It is rational to suppose that
persons with coronary artery disease are prone to severe viral infection thereby, guideline-directed diagnosis and

medical therapy is vital in CVD patients.

1. Introduction

Coronavirus disease-2019 (COVID-19) is a global health emergency
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). It has already developed into a pandemic spreading rapidly around
the globe (Organization, 2020). SARS-CoV-2 appears to infect the host
cells through angiotensin converting enzyme 2 (ACE2) receptors, which
are widely expressed not only in epithelial cells of airways, but also in
heart and blood vessels. Thus, ACE2-related biological pathways may
play arole in heart damage associated with COVID-19. While the clinical
presentations of SARS-CoV-2 infection are known by the resulting res-
piratory symptoms, increasingly studies reported that some patients
have developed cardiovascular disorders (Zheng et al., 2020a).

Importantly, based on different reports in several countries, people with
underlying CVDs present with a substantially greater risk of death from
the SARS-COV-2, So, extra care against infection is being urged (Huang
et al., 2020). Another phenomenon that plays a key role in COVID-19 is
the imbalanced cytokine storm response of type 1/type 2 T helper cells,
resulting in fever and multiple organ dysfunction and cardiac injury
(Zheng et al., 2020a). Immune system activation may cause plaque
vulnerability, contributing to the progress of acute coronary events. The
common laboratory abnormalities show that SARS-CoV-2 infection may
be related to cellular immunodeficiency, activation of coagulation
cascade, liver and kidney damage and myocardial injury (Cui et al.,
2020). Due to the poor prognosis, patients with existing cardiovascular
disease (CVD) are prone to the adverse effects of COVID-19 infection.

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus disease-2019; ACS, Acute coronary syndrome; CHD,
Coronary heart disease; CVD, Cardiovascular disease; ACE2, angiotensin converting enzyme 2; NHC, National Health Commission of China; ARDS, Acute respiratory

distress syndrome; ICU, Intensive care unit.
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Safiya Richardson (Richardson et al.,
2020)

32studies (310585)

0.11(0.08,0.13)

According to the National Health Commission of China (NHC), among
the confirmed cases of the illness, some patients visited a doctor’s office
for CV symptoms, palpitations and chest discomfort and tightness rather
than respiratory symptoms and signs (high fever and cough), although
were later identified and diagnosed with COVID-19). The Prevalence of
myocardial damage and its intensity is high in severely ill patients with
COVID-19, leading to a higher possibility of in-hospital mortality (Cui
et al., 2020). The patients with concomitant heart disease are hypo-
thetically at the greatest risk of contracting the COVID-19 infection. The
acute inflammatory response induced by the infection may aggravate
cardiac function. We have performed this analysis, using data based
searching to identify the proportion of the disease severity and comor-
bidities such as cardiovascular disorders.

1.1. Cellular mechanisms and physiological consequences

COVID-19 appears to promote the development of CV disorders, such

Table 1 Table 2
Prevalence of CVD. 0Odd ratio of CVD.
Authors Sample Size Prevalence Authors Sample Size 0dd ratio
(95%CI) (95%CI)
Semagn Mekonnen Abate (Abate et al., 37 studies (24983 0.55 (0.46,0.64) Gaurav Aggarwal (Aggarwal et al., 18studies (4858 1.14
2020) patients) 2020) patients) (0.84,1.44)
Ashkan Baradaran (Baradaran et al., 33 studies (9249 0.05 (0.04,0.07) Vignesh Chidambaram (Chidambaram 109 studies 1.04
2020) patients) et al., 2020) (0.79,1.28)
Amir Emami (Emami et al., 2020) 10 studies (76993 0.12(0.04,0.22) Bianca de Almeida-Pititto (de 40 studies (18.012 1.39
patients) Almeida-Pititto et al., 2020) patients) (1.01,1.76)
Sergio Alejandro Gémez-Ochoa ( 97 studies (230,398 0.03(0.01,0.08) Francesco Del Sole (Del Sole et al., 2020) 12studies (2794 1.04
Gomez-Ochoa et al., 2021) patients) patients) (0.46,1.62)
Yong Hu (Hu et al., 2020) 21 studies (47344 0.04 Vageesh Jain (Jain and Yuan, 2020) 7studies (1813 0.99
patients) (0.031,0.06) patients) (0.41,1.56)
Catherine R. Jutzeler (Jutzeler et al., 148 studies (12'149 0.06 (0.04,0.09) Chayakrit Krittanawong (Krittanawong 13studies (49,076 2.18
2020)rowhead patients) et al., 2020) patients) (1.39,2.97)
Jiayun Koh (Koh et al., 2020) 29 studies (533 0.12(0.03,0.23) Ashish Kumar (Kumar et al., 2020) 58studies (6892 1.35
patients) patients) (0.83,1.87)
Hong Liu (Liu et al., 2020a) 24studies (10948 0.08 (0.03,0.12) Hong Liu (Liu et al., 2020a) 24studies (10948 1.43 (1.05,1.8)
patients) patients)
Rashidul Alam Mahumud (Mahumud 23studies (202,005 0.13 (0.1,0.16) Liman Luo (Luo et al., 2020) 124 studies 1.35(0.99,1.7)
et al., 2020) patients) Sara Momtazmanesh (Momtazmanesh 54 studies 1.43
Sara Momtazmanesh (Momtazmanesh 54 studies 0.12 (0.1,0.15) et al., 2020) (0.99,1.86)
et al., 2020) Mudatsir Mudatsir (Mudatsir et al., 19studies (3578 0.53
Kunal Nandy (Nandy et al., 2020) 16 studies (3994 0.07 (0.04,0.13) 2020) patients) (0.04,1.02)
patients) Bolin Wang (Wang et al., 2020a) 6studies (1558 1.35
Mohammad Javad Nasiri (Nasiri et al., 34studies (5057 0.14 (0.06,0.23) patients) (0.49,2.22)
2020) patients) Xinhui Wang (Wang et al., 2020b) 34 studies 1.34
Urvish Patel (Patel et al., 2020) 29studies (12,258 0.12(0.08,0.16) (1.06,1.62)
patients) Xiaomei Wu (Wu et al., 2020b) 41 studies (5064 1.15
Alfonso J. Rodriguez-morales ( 19 studies 0.14 (0.05,0.23) patients) (0.78,1.51)
Rodriguez-Morales et al., 2020) Lizhan Xu (Xu et al., 2020) 20 studies (4062 1.01
Jolanda sabatino (Sabatino et al., 2020) 21 studies (77317 0.12(0.08,0.18) patients) (0.32,1.69)
patients) Jing YANG (Yang et al., 2020b) 7studies (1576 1.22
Awadhesh K. singh (Awadhesh et al.) 18studies (558 0.09 (0.06,0.12) patients) (0.63,1.82)
patients) Yue Zhou (Zhou et al., 2020) 34studies (16110 1.14 (0.97,1.3)
Elinor Ten (Tan et al., 2020) 45studies (16,561 0.22(0.13,0.31) patients)
patients) Thais M. Plasencia-vrizarri ( 13 studies (99,817 1.47
Carlos K.H. Wong (Wong et al., 2020) 76 studies (11,028 0.11 (0.09,0.14) Plasencia-Urizarri et al., 2020) patients) (1.19,1.76)
patients) Ting Wu (Wu et al., 2020a) 73studies (171,108 1.26
Jing YANG (Yang et al., 2020a) 7studies (1576 0.08 (0.03,0.13) patients) (0.98,1.54)
patients) Zhaohai Zheng M.D (Zheng et al., 13studies (3027 1.64
Setor K. Kunutsor (Kunutsor and 17 studies (5815 0.14(0.11,0.18) 2020b) patients) (1.17,2.11)
Laukkanen, 2020) patients) Jing Yang (Yang et al., 2020a) 8 studies (46248 1.22
Ting Wu (Wu et al., 2020a) 73studies (171,108 0.08 (0.04,0.14) patients) (0.63,1.82)
patients)
Zhaohai Zheng M.D (Zheng et al., 2020b) 13studies (3027 0.06 (0.05,0.07)
patients)
Yinghao Cao (Cao et al., 2020) 31studies (46,959 0.11 (0.07,0.14)
patients) as acute coronary syndrome (ACS), myocardial injury, arrhythmias, and
Jing Yang (Yang et al., 2020b) 8 stt.udite: (46248 0.05 (0.04,0.07) venous thromboembolism. Systemic inflammation related to COVID-19
patients

has been suggested to accelerate the development of subclinical disor-
ders or even lead to de novo CV damage. ACE2, a key part of the
renin-angiotensin-aldosterone system (RAAS), which is thought to
facilitate cellular coronaviruses entry (Ziegler et al., 2020), leading to
myocardial damage, endothelial and microvascular dysfunction, plaque
vulnerability, and MI (Guzik et al., 2020). The possible mechanisms of
myocardial damage caused by COVID-19 infection are as follows: (1)
direct injury: viral infection can directly cause damage to myocardial
cells (Knowlton, 2020); (2) immune injury: The resulting over-activation
of the immune system produces an extreme immune response and re-
leases a large amount of cytokines (Java et al., 2020; Wiersinga et al.,
2020). In addition, the promotion of immune system dysregulation oc-
curs during the distribution of blood pressure, suggesting another
mechanism connecting arterial hypertension and COVID-19. CD8" T cell
dysfunction observed in hypertensive patients (Youn et al., 2013), re-
sults in insufficient combating viral infections and might be associated
with excess cytokine production, augmenting the risk of complications.
Effective control of hypertension by medication use can moderately
reverse the dysregulation of the immune response in high blood pres-
sure. Arterial hypertension can be considered as the main predictor of
disease severity or a causal factor of late deterioration in the disease
course, which is characterized by acute respiratory distress syndrome
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Table 3 Table 4
Prevalence of hypertension. 0Odd ratio of Hypertension.
Author Sample Size Prevalence Author Sample Size 0Odd ratios
(95%CI) (95%CI)
Semagn Mekonnen Abate (Abate et al., 37 studies (24983 0.38 Vignesh Chidambaram (Chidambaram 109 studies 0.96 (0.73,1.2)
2020) patients) (0.26,0.55) et al., 2020)
Ashkan Baradaran (Baradaran et al., 33 studies (9249 0.21 Bianca de Almeida-Pititto (de 40 studies (18012 1.09
2020) patients) (0.17,0.24) Almeida-Pititto et al., 2020) patients) (0.86,1.32)
Amir Emami (Emami et al., 2020) 10 studies (76993 0.16 (0.1,0.23) Francesco Del Sole (Del Sole et al., 2020) 12studies (2794 0.8 (0.48,1.12)
patients) patients)
Omar Ariel Espinosa (Espinosa et al., 42 studies (98714 0.32 Vageesh Jain (Jain and Yuan, 2020) 7studies (1813 0.67
2020) patients) (0.31,0.33) patients) (0.33,1.01)
Leiwen Fu (Fu et al., 2020) 43 studies (3600 0.16 (0,0.48) Chayakrit Krittanawong (Krittanawong 13studies (49,076 1.51
patients) et al., 2020) patients) (0.67,2.35)
Morgan Spencer Gold (Gold et al., 2020) 33 studies (29,096 0.14 Ashish Kumar (Kumar et al., 2020) 58studies (6892 0.83 (0.6,1.06)
patients) (0.06,0.28) patients)
Sergio Alejandro Gomez-Ochoa ( 97 studies (230,398 0.07 (0.04,0.1) Jia Li (Li et al., 2020) 12studies (2445 0.87
Gomez-Ochoa et al., 2021) patients) patients) (0.38,1.36)
Yong Hu (Hu et al., 2020) 21 studies (47344 0.15 Giuseppe Lippi (Lippi et al., 2020) 13studies (2893 0.91
patients) (0.12,0.18) patients) (0.68,1.13)
Catherine R. Jutzeler (Jutzeler et al., 148 studies (12'149 0.23 Hong Liu (Liu et al., 2020a) 24studies (10948 1.04
2020) patients) (0.19,0.27) patients) (0.79,1.28)
Sorour Khateri (Khateri et al., 2020) 12 studies (2393 0.3 (0.23,0.37) Liman Luo (Luo et al., 2020) 124 studies 0.94
patients) (0.75,1.13)
Jiayun Koh (Koh et al., 2020) 29 studies (533 0.17 Meng Meng (Meng et al., 2020) 35 studies (8170 0.81
patients) (0.07,0.28) patients) (0.58,1.06)
Hong Liu (Liu et al., 2020a) 24 studies (10948 0.2 (0.15,0.26) Sara Momt h (Momtazgmanesh 54 studies 0.93 (0.3,1.56)
patients) et al., 2020)
Yang Liu (Liu et al., 2020c) 17 studies (3268 0.17 (0.13,0.2) Mudatsir (Mudatsir et al., 2020) 19studies (3578 0.84
patients) patients) (0.35,1.32)
Rashidul Alam Mahumud (Mahumud 23studies (202,005 0.22 Rizwana Parveen (Parveen et al., 2020) 7studies (2018 0.98
et al., 2020) patients) (0.17,0.27) patients) (0.23,1.74)
Manish Mair (Mair et al., 2020) 67 studies (8302 0.18 Bolin Wang (Wang et al., 2020a) 6studies (1558 0.82
patients) (0.14,0.22) patients) (0.52,1.13)
Sara Momtazmanesh (Momtazmanesh 54 studies 0.29 Xinhui Wang (Wang et al., 2020b) 34 studies 1.071
et al.,, 2020) (0.24,0.33) (0.85,1.29)
Kunal Nandy (Nandy et al., 2020) 16 studies (3994 0.24 (0.18,0.3) Xiaomei Wu (Wu et al., 2020b) 41 studies (5064 0.96
patients) patients) (0.58,1.35)
Mohammad Javad Nasiri (Nasiri et al., 34 studies (5057 0.18 Lizhan Xu (Xu et al., 2020) 20 studies (4062 0.83
2020) patients) (0.12,0.24) patients) (0.51,1.15)
Urvish Patel (Patel et al., 2020) 29studies (12,258 0.28 Jing YANG (Yang et al., 2020a) 7studies (1576 0.85
patients) (0.22,0.35) patients) (0.39,1.34)
Alfonso J. Rodriguez-morales ( 19 studies 0.18 Yue Zhou (Zhou et al., 2020) 34 studies (16,110 1.15(0.9,1.4)
Rodriguez-Morales et al., 2020). (0.08,0.29) patients)
Jolanda sabatino (Sabatino et al., 2020) 21 studies (77317 0.36 (0.2,0.53) Thais M. Plasencia-vrizarri ( 13 studies (99,817 1.39
patients) Plasencia-Urizarri et al., 2020) patients) (1.23,1.55)
Awadhesh K. singh (Awadhesh et al. 18 studies (558 0.11 Ting Wu (Wu et al., 2020a) 73studies (171,108 0.87
2020) patients) (0.09,0.13) patients) (0.73,1.02)
Elinor Ten (Tan et al., 2020) 45studies (16,561 0.49 Zhaohai Zheng M.D (Zheng et al., 13 studies (3027 1.0 (0.47,1.53)
patients) (0.44,0.54) 2020b) patients)
Carlos K.H. Wong (Wong et al., 2020) 76 studies (11,028 0.18 (0.15,0.2) Jing Yang (Yang et al., 2020b) 8 studies (46248 0.85
patients) patients) (0.37,1.34)
Jing YANG (Yang et al., 2020a) 7studies (1576 0.21
patients) (0.13,0.27)
Setor K. Kunutsor (Kunutsor and 17 studies (5815 0.29
Laukkanen, 2020) patients) (0.25,0.33)
Ting Wu (Wu et al., 2020a) 73studies (171,108 0.19 2. Materials and methods
patients) (0.15,0.23)
Zhaohai Zheng M.D (Zheng et al., 2020b) 13 §tud1es (3027 0.22 (0.2,0.23) 21. Search strategy
patients)
Yinghao Cao (Cao et al., 2020) 31studies (46,959 0.18
patients) (0.13,0.23) A total of 408 articles were retrieved using the electronic databases:
Jing Yang (Yang et al., 2020b) 8 studies (46248 0.17 PubMed, SCOPUS and Science direct and the search terms: 2019 novel
. . patients) (0.14,0.22) coronavirus and COVID-19” and “Cardiovascular Diseases” and
Safiya Richardson (Richardson et al., 32studies (310585) 0.56 . . L. . .
2020 (0.54,0.58) “comorbidities, meta-analysis, clinical characteristics and associated

(ARDS) and systemic inflammatory response and/or multiple organ
failure syndromes (Lippi et al., 2020). Generally, ACE2 overexpression
in failing hearts, suggests an acceptable explanation for higher infection
and more mortality in patients with heart failure (Liu et al., 2020b).
Also, cellular entry of coronaviruses through ACE2 has associations in
vascular instability in infected patients who have pre-existing hyper-
tensive disorders (Guzik et al., 2020).

MeSH terms. The meta-meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic reviews and Meta-Analyses
statement (PRISMA). A total of 49 articles were finally included in this
analysis.

2.2. Statistical analysis

The meta-analysis of single arm studies was performed by statistical
software Stata version 14.0 and Open Meta-analyst. We unify all units of
variables, and categorized variables are expressed as percentages, and
continuous variables are expressed as Means + SDs. The combined
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Records identified through
database search Pubmed,
scopus, science direct,
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=
©
2 .
= (Non-relevant articles,
S » Case reports, narrative
2 reviews, etc (n = 234)
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=
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o ‘ Records excluded
a >
(Duplicates) (n = 49)
Full text studies assessed for
= eligibility (n = 125)
B
2 \ Studies excluded for not
- »  providing comparative data
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E quantitative synthesis (n =49
3 )
(8]
£

Fig. 1. Flow chart of studies selection in this meta-analysis.
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prevalence Weight
Study with 95% ClI (%)
Semagn Mekonnen Abate ————055] 046 064] 031
Ashkan Baradaran & 0.06[ 0.04, 0.07] 15.09
Amir Emami —_— 012] 0.03 021] 030
Sergio Alejandro Gomez-Ochoa ~m- 0.03] -0.00, 0.06] 208
Yong Hu | 0.05[ 0.03 0.08] 10.81
Catherine R. Jutzeler - 008[ 0.04 009 398
Jiayun Koh 012[ 002 022] 025
Hong Liu —8— 0.08[ 003 012] 126
Rashidul Alam Mahumud - 0.13] 0.10, 0.16] 2.83
Sara Momtazmanesh -- 013[ 010, 0.15] 377
Kunal Nandy —=— 007] 063 011] 126
Mohammad Javad Nasiri ——— 015[ 006, 0.24] 032
Urvish Patel —— 012 0.08 0.16] 172
Alfonso J. Rodriguez-morales —_— 014 006 023] 034
Jolanda sabatine —— 013] 0.08, 0.18] 1.00
Awadhesh K. singh - 010 007, 0.13] 3.03
Elinor Ten —_— 022 0.13, 031] 032
Carlos K.H. Wong - 0.12] 0.09, 0.14] 443
Jing YANG —— 008[ 003 0.13] 102
Setor K. Kunutsor —— 015 0.1, 0.18] 1.86
Ting Wu —— 0.08[ 0.03 013] 1.02
Zhaohai Zheng M.D 3] 0.07[ 0.06, 0.08] 2550
Yinghao Cao o 011 008 015 227
Jing Yang = 0.05[ 0.04, 0.07] 11.33
Safiya Richardson = 011 009 0.14] 4.08
Overall { 0.08[ 0.07. 0.08]
Heterogeneity: | = 90.15%. H' = 10.15
Testof 8 =8 Q(24) = 24359, p=10.00
TestofB8=0:2=2977, p=0.00

0 2 6

Fixed-effects inverse-variance model

Fig. 2. Forest plot for prevalence of cardiovascular disease in patient with COVID -19. Each square () and its horizontal line, respectively, represent the prevalence
and its 95% CI for each individual study (the size of the grey square corresponds to the weight of that study in the meta-analysis); the diamond and its horizontal
diagonal () show the combined overall prevalence and its 95% CI, respectively. Prevalence of cardiovascular disease in patent with COVID -19 is 0.08 (95%CI =
0.07,0.08, I* = 89.8%).
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Fig. 3. The funnel plot of prevalence for CVD is approximately symmetric that in accord to results of Egger’s (P = 0.000) and Begg’s (P = 0.147) tests faded the
possibility of the potential publication bias. However, to further assess the effect of missing studies on the summary effect, the trim and fill approach was applied and
showed that after filling the missing studies the summary effect didn’t change significantly. Odd ratio of CVD.

prevalence and 95% CI were determined by a random-effects model.A
Meta-analysis of Odds Ratio was performed on the natural logarithm
scale and then returned to its original scale. Studies were pooled with
fixed-effects meta-analytic models in order to combine odds ratios (OR)
and prevalences and their 95% confidence intervals (CIs). Heterogeneity
of effect size across trials was established based on I> more than 0.50.
However, as effect sizes were extracted from meta-analysis papers, there
was not sufficient information to deal with heterogeneity through sub-
group analysis or meta-regression. So in the case of high I, the results
should be interpreted with caution. Publication bias was assessed using
funnel plots, as well as, Egger’s linear regression test and Begg’s rank
correlation test. When publication bias was identified, a nonparametric
trim and fill method was performed to adjust the publication bias.

3. Results

A comprehensive literature search was performed using PubMed,
Scopus, and Science Direct from April until December 2020. This meta-
meta-analysis included 45 meta-analyses, containing patients with novel
coronavirus disease (Tables 1-4). The flow chart of articles was illus-
trated in Fig. 1. Through this meta-analysis, we found that among all the
clinical characteristics of patients with SARS-CoV-2, the prevalence of
CVD was 0.08 (Fig. 2), OR as 3.44 in severe cases of COVID-19 with CVD
in compared to those without CVD (Fig. 4), prevalence of hypertension
was 0.27 (Fig. 6) and OR as 2.68 indicates the greater likelihoods of
getting severe COVID-19 in hypertensive cases than patients without
hypertension (Fig. 8). In addition, Egger’s test and Begg’s test yielded
similar results with funnel plots including: The prevalence of CVD
(Egger P = 0.000; Begg P = 0.147) (Fig. 3), OR for CVD (Egger P =

0.269; Begg P = 0.628) (Fig. 5), prevalence of hypertension (Egger P =
0.000; Begg P = 0.009) (Fig. 7), and OR of hypertension (Egger P =
0.133; Begg P = 0.385) (Fig. 9). After applying the trim and fill approach
the estimated prevalence of CVD didn’t significantly change but the
estimated prevalence of hypertension increased from 0.27 (0.27-0.28)
to 0.323 (0.318-0.328).

Prevalence of CVD.

3.1. Sensitivity analysis

To assess the impact of individual studies on the summary effect the
influential anal analysis was performed and the results indicated that
none of the summary effects was sensitive to individual studies. In other
words, after eliminating of each study, the change in the summary effect
was not statistically significant.

4. Discussion

As described in analysis of COVID-19 patients, hypertension and
severe myocardial injury contribute to disease severity and mortality of
these patients (Nishiura et al., 2020). People with basic CVD are more
likely to be infected with the virus, and the virus infection can also lead
to the deterioration of basic heart disease. In COVID-19 cases, it is
important to recognize the clinical characteristics of patients in order to
aid in early and rapid detection of infected persons, as well as to reduce
patient mortality. Since many antiviral drugs can cause cardiac insuffi-
ciency, arrhythmia or other CV disorders, therefore, during treatment of
the disease, especially with antiviral therapy, the risk of cardiac toxicity
needs be closely monitored (Sakabe et al., 2013). More attention should
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Fig. 4. Forest plot for Odds Ratio for association between cardiovascular disease and severe/nonsevere patient of COVID-19. Each square () and its horizontal line,
respectively, represent the OR and its 95% CI for each individual study (the size of the grey square corresponds to the weight of that study in the meta-analysis); the
diamond and its horizontal diagonal ({)) show the combined overall OR and its 95% CI, respectively. The OR as 3.44 indicates that the odds of getting severe COVID-
19 from cardiovascular disease is 3.44 times higher in those without cardiovascular disease. (OR = 3.44 & 95%CI = 3.18-3.72, P = 0.000, 2 = 30.14%).
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Fig. 5. The funnel plot of OR for CVD is approximately symmetric that in accord to results of Egger’s (P = 0.269) and Begg’s (P = 0.628) tests faded the possibility of
the potential publication bias. However, to further assess the effect of missing studies on the summary effect, the trim and fill approach was applied and showed that
after filling the missing studies the summary effect didn’t change significantly. Prevalence of Hypertension.

be paid to patients with extremely increased cardiac cTnl levels-major
plasma biomarker for the identification of myocardial infarction and
cell necrosis in an ACS-and new case of arrhythmias (Park et al., 2017).
The common laboratory abnormalities demonstrate that 2019-nCoV
infection may be associated with cell-mediated immune deficiency,
coagulation activation, myocardial injury, and liver and kidney damage.
These abnormal laboratory results are similar to those previously re-
ported in patients with MERS-CoV and SARS-CoV infection (Meo et al.,
2020). Due to the poor prognosis, patients with CVD are special cases of
COVID-19, and the prevention and treatment of cardiovascular events
should be deliberated. In this study, we evaluated the results of
meta-analyses to collectively re-assessment the basic cardiovascular
characteristics in patients with COVID-19. Based on the results, hyper-
tension and cardiovascular comorbidities can be considered as risk
factors for persons with severe symptoms of the disease. Apparently,
among COVID-19 patients, there were almost 50% diagnosed with
chronic diseases, 40% with CV and cerebrovascular disorders, and pa-
tients with chronic diseases, such as hypertension, obesity, diabetes,
chronic kidney failure and chronic obstructive pulmonary disease, have
a developed risk of problems or even death after infection (Yu et al.,
2020). Although, most of incorporated studies are single-center, which
may show admission bias as well as selection bias. In addition, all of the
incorporated studies were retrospective analytical studies, we could not
rule out the power of other confounding agents. Most of the studies did
not elucidate the guide-line for inclusion criteria, and course and
severity of illness. Due to inadequate medical resources, only patients
with relatively severe COVID-19 infection were admitted to hospital.
Importantly, there may possibly be a selection bias when categorizing
factors impact the clinical consequences. Large population-based cohort

study of patients with COVID-19 from different countries will be bene-
ficial to recognize the clinical features and risk factors of the disease.
Moreover, the history of hypertension cause to alteration in blood ves-
sels structure and disrupts the vascular integrity, and it is more sensitive
to develop serious acute illness in severe infection conditions (Zheng
et al., 2020Db). Therefore, an extreme inflammatory response, along with
pre-existing CVD may cause to development of cardiac disease in pa-
tients with COVID-19 infection. In other words, COVID-19 patients with
CV basic diseases, are suggested to give main concern to treatment, and
more attention against the recurrence or augmentation of the original
basic pathological disorders (Cao et al., 2020; Channappanavar and
Perlman, 2017). Furthermore, results showed that hypertension was
related to the severity of COVID-19 infection and in patients with both
hypertension and COVID-19, treatment is dependent on their condi-
tions. Seemingly, the intensive care unit (ICU) patients had a greater
number of comorbid conditions than those with no ICU admissions. This
proposes that comorbidity may be potential risk factors for poor
outcome (15). Consequently, a better understanding of the impacts of
CVD will be necessary for the management of COVID-19 patients. Some
experts suggest that, during the outbreak, people with previous CVD
should firmly consume optimized drug regimens in accordance with
health center guidance to provide further protection (Ferrario et al.,
2005).

5. Conclusion
In conclusion, the present meta-analysis focused on the association

between CVD risk and hypertension and severity of COVID-19. Our
meta-analysis revealed that CVD and hypertension could be considered
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Fig. 6. Forest plot for prevalence of hyper-
tension in patient with COVID-19. Each
square (M) and its horizontal line, respec-
tively, represent the prevalence and its 95%
CI for each individual study (the size of the
grey square corresponds to the weight of
that study in the meta-analysis); the dia-
mond and its horizontal diagonal ({)) show
the combined overall prevalence and its 95%
CI, respectively. Prevalence of hypertension
in patent with COVID-19 is 0.27 (95%CI =
0.27-0.28, P = 0.000, I> = 98.5%).
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Fig. 7. The funnel plot of prevalence for
hypertension is approximately symmetric
that in accord to results of Egger’s (P =
0.000) and Begg’s (P = 0.009) tests faded
the possibility of the potential publication
bias. However, to further assess the effect of
missing studies on the summary effect, the
trim and fill approach was applied and
showed that after filling the missing studies
the estimated prevalence of CVD didn’t
significantly change but estimated preva-
lence of hypertension increased from 0.27
(0.27-0.28) to 0.323 (0.318-0.328). Odd
ratio of Hypertension.
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Fig. 8. Forest plot for Odds Ratio for association between hypertension and severe/nonsevere patient of COVID-19. Each square (M) and its horizontal line,
respectively, represent the OR and its 95% CI for each individual study (the size of the grey square corresponds to the weight of that study in the meta-analysis); the
diamond and its horizontal diagonal ({)) show the combined overall OR and its 95% CI, respectively. The OR as 2.68 indicates that the odds of getting severe COVID
-19 from hypertension is 2.68 times higher in those without hypertension. (OR = 2.68 & 95%CI = 2.54-2.84, P = 0.00, I = 48.37%).
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Fig. 9. The funnel plot of OR for hypertension is approximately symmetric that in accord to results of Egger’s (P = 0.133) and Begg’s (P = 0.385) tests faded the
possibility of the potential publication bias. However, to further assess the effect of missing studies on the summary effect, the trim and fill approach was applied and
showed that after filling the missing studies the summary effect didn’t change significantly.

as potential risk factors for severity of the disease. Considering the
connection exist between chronic CVD and COVID-19, will aid the
health sector guide to distinguish high risk people and deliberate the risk
factors of deterioration. Diabetes, respiratory system disease, and CVD
were known as hypothetically key risk factors that should be encom-
passed in recommended future vaccination schedule. Collectively, un-
derlying basic diseases such as hypertension and CVD are risk factors for
disease progression and development. This is consistent with our
analytical results obtained in this paper.
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